7/18/73 |

#89

INOSITOL




MONOGRAPH
ON

INOS I TOL

TR-72-1552-32

Submitted Under:
Contract No. FDA 72-~104

July 18, 1973

INFORMAT ICS [INC.
6000 Executive Boulevard
Rockville, Maryland 20852



i

INOS I TOL

Summary

Inositol was discovered in 1850 by J. Scherer, who isolated it
from animal muscle tissue. Although the compound isolated by Scherer
was myo-inositol, over the years the name inositol has come to be
used as a generic term for the entire family of isomeric hexahydroxy-
cyclohexanes. However, myo-inositol is the only compound discussed
in this monograph, and when the term inositol is used hereafter, it
will be understood to signify myo-inositol.

Inositol is widely spread throughout nature in both plant and
animal tissues and, therefore, is a part of the human daily diet to
the extent of approximately 1 g per day. Williams estimated that
this amount is the probable human requirement (574).  Numerous studies
have shown that inositol functions as a vitamin for various species
of experimental animals, and the compound is now generally classified
as a member of the vitamin-B complex. Although inositol has not
been shown to be essential for man, that is, no definite symptoms
of inositol deficiency have yet been produced in man, the extent
of the occurrence of inositol in the human body and its association
with the phospholipids of liver, brain, spinal cord and other tissues
indicate that it probably functions as a vitamin in the human body .

The widespread occurrence of inositol, its vitamin activity,
and its use as a food additive have resulted in considerable
research into its biochemistry and toxicology.

The results of tests on the absorption and metabolism of inositol
are, as of yet, inconclusive. Wiebelhaus et al. (567) found that
24-28 hours were required for the complete absorption of doses of
250 mg inositol by fasted, 200 g rats. Doses of 800 mg inositol
administered to 250 g rats caused no appreciable changes in the level
of this compound in the blood, liver or testes, but did produce a
significant increase in the heart content (567). Anderson (11) reported
that inositol is absorbed very slowly from dog intestine in situ. Sonne
and Sobotka (498) found daily ingestion of 1.5 g of inositol to
produce, in human subjects, a moderate rise of the plasma inositol
tevel. :

Studies by Stetten and Stetten (506) provided evidence to
indicate a minimum of 7% conversion of injected inositol (2 g) to
glucose in rats. Using white rats, Wiebelhaus et al. (567) found
no conversion of inositol to liver glycogen, but did observe an
antiketogenic effect and reduced urinary nitrogen excretion, indicating
that inositol is utilized as a carbohydrate. They also found that
urinary excretion accounts for less than 1% of the administered
inositol when given to 200 g rats in doses of 260-355 mg (567). On
the basis of studies using nephrectomized rats, Howard and Anderson
(258) concluded that the kidney is the only organ of importance in
inositol catabolism. Moscatelli and Larner (373) and Coots (98)
reported that inositol is vigorously metabolized to CO, by the rat,
up to 40% of the administered dose being excreted into the respiratory
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COp. Kotaki et al. (286) found no significant di fferences inAThe_
urinary excretion of inositol among groups of young albino rats treated
orally with 0-50 mg of inositol per day.

Upon finding that as much as 77% of administered inositol was
recovered from the excreta of dogs and that it effected no rise in
the RQ, Anderson (11) and Dubin (128) concluded that inositol is not
utifized to any extent by the dog. Following subcutaneous injection
of inositol solution in phlorizinized dogs, Greenwald and Weiss (203)
observed a slight but unmistakable increase in the urinary glucose:
nitrogen ratio and concluded that, in the dog, inositol is slowly and
incompletely converted to glucose.

On the basis of experiments in which '4C-labelled inositol was
administered to a normal human subject and was incubated with slices
of rabbit kidney cortex, Freinkel et al. (174) suggested that the
metabolism of inositol occurs via the glucuronic acid pathway and
pentose cycle. Following the ingestion, by a human subject, of 30 g
of inositol one day and 10 g the next morning, Anderson and Bosworth
(12) found that 9% of the ingested inositol was eliminated in the
urine, within 24 hours, and that the feces contained none.

Several physiological effects of inositol have been reported.
The lipotropic action of inositol in rats has been investigated and
confirmed by numerous workers (186, 187, 188, 49, 48). Abels, Kupel,
Pack and Rhoads (3) in clinical studies on human patients having
gastrointestinal cancers and livers heavily infiltrated with fat,
found that administration of inositol reduced liver fat to a nearly
normal level in most cases in less than 24 hours. Preoperative oral
administration of inositol to humans has been reported to result in a
marked reduction of total liver lipids (3, 2, 16). Best et al. (48)
reported that inositol (30 mg/day) was not effective in preventing
the occurrence of the hemorrhagic kidneys which developed in young
rats on diets low in choline and methionine and Handler (214) found
that although inositol exerted lipotropic activity in the liver, it
actually appeared to increase, slightly, the incidence and severity
of renal hemorrhages in rats due to choline deficiency. Upon treating
old hens with 0.5 g.inosi{tol per day for periods up to 68 days,
Herrmann (244) was able to discern a definite decrease in the cholesterol
content of the blood and tissues of the birds. Martin et al. (349)
reported that the peroral administration of inositol (20 mg/kg)
markedly increases the peristaltic action of the stomach and small
intestine of dogs without creating a spastic condition. Bly et al.
(57) and Anderson (11) reported that inositol administration produced
diarrhea in dogs, and Anderson and Bosworth (12) reported a similar
effect in man. Vorhaus et al. (544), however, reported that +he
administration of 1-2 g of inositol per day to 20 human patients
produced in no case any change in the normal bowe!l habits.

The synergism of the lipotropic action of inositol and choline
was first pointed out by Forbes (167) and later confirmed by a number
of other workers (52, 54, 213, 335, 451). Martin (348) reported
that the addition of p-aminobenzoic acid to a highly purified ratio
produced a syndrome, characterized by poor growth and changes in fur
in the Rockland strain black rat, which could be prevented by the
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administration of inositol, and conversely, the addition of inositol
to the diet in the absence of p-aminobenzoic acid cadsed a similar
syndrome which could'be prevented by p-aminobenzoic acid.

Toxicological studies on inositol have been restricted, so far,
to rats and man. No information is available on the acute toxicity
of inositol. v

Two studies on the influence of inositol on the reproduction of
rats have been reported. Ershoff (141) found that inositol administered
as 1% of the diet produced no adverse effects on the growth and
reproduction of Long-Evans rats. Sure (515), however, observed that
inositol (30 mg/day, oral) has a pronounced injurious effect on
lactation in albino rats.

In studying the carcinogenicity of inositol, Laszlo and
Leuchtenberger (310) and Hesselbach and Burk (246) found that intra-
venous injections of inositol inhibit tumor growth in mice.

By giving 20-day-old male Wistar rats daily oral doses of 0, 0.01,
0.1, 0.2, and 1.0 g inositol/kg Natsume (383) determined that doses of
0.01-0.1 g/kg/day exerted a favorable effect on growth rate, while 1
g/kg/day caused slight growth retardation. In a comparative study in
which 3-month-old rats were given 0, 0.005, 0.05, 0.5 and 5 g inositol/
kg/day for 1 month, no inhibitory effect on growth was seen among the
animals given large dosages of inositol (383). A two-month feeding
study by Kotaki et al. (286) indicates that young albino rats maintained
on a basal diet exhibited repressed growth and an increased P/N ratio
of hepatic lipids when given high levels of inositol (50 mg/day, oral).

Studies of inositol administration to man have revealed only
slight effects. Maurer and Seckfort (353) reported that intravenous
injection of 4 g inositol to healthy subjects produced no effects
other than a reduction of basal metabolism (15-25%). Anderson and- -
Borworth (12) reported that a human subject given, per os, 15 g of
inositol on one day and 30 g/day for 3 days thereafter exhibited
only mild diarrhea and increased urinary excretion of creatinine.
Vorhaus et al. (544) administered 1-2 g of inositol daily to patients.
for periods of over two months without the production of any adverse -
effects. Shay (544) reported similar findings. Minor increases in
total and free cholesterol and total phospholipids and an apparent .
decrease in neutral fat in the plasma of 13 patients suffering from
high tone deafness were noted by McKibben and Brewer (359) following
treatment with 3 g of inositol (oral) per day for periods of 1-12
months. Following i.v. injection of 2 g inositol/day to 12 patients
for 16 days, Staubach and Seckfort (504) observed no adverse effects.
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Chemical Information

I. Nomenclature

A. Common Names

O O ~IO U D N —

Inosi tol

meso-|nositol
myo-lnositol
i-lnositol
Hexahydroxycyclohexane
Cyclohexanehexo|
Cyclohexitol

Meat sugar

inosite

10. Mesoinosite

11. Phaseomannite

12. Dambose

13. Nucite

14, Bios |

15. Rat antispectacled eye factor
16. Mouse anti-alopecia factor
17. Phaseomannitol

18. Jnosin

19. Muscle sugar

B. Chemical Names

1

»2,3,5/4,6-Cyclohexanehexol

C. Trade Names

None,

D. Chemical Abstracts Registry Number

000087-89-8

1. Empirical Formula

C6H1206

thi. Structural Formula

OH
|

OH

H /

H
: H

HO

H

OH

H
H

OH
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[V. Molecular Weight

180.16

V. Specifications

Food Chemicals Codex i
Assay Not less than 97.0% of C_H,.0

. 6 1276
after drying

Mel+ing range 4 Between 224 degrees and 227 degrees
Limits of impurities '
Arsenic (as As) Not more than 3 ppm

Calcium Passes test

Chloride Not more than 50 ppm

Heavy metals (as Pb) Not more than 20 ppm

Lead Not more than 10 ppm

Loss on drying Not more than 0.5%

Residue on ignition Not more than 0.1%

Sulfate ‘ Not more than 60 ppm

VI. Description
A. General Characteristics

Inositol occurs as fine, white crystals or as a white crystalline
powder. |t is odorless and has a sweet taste.

B. Physical Properties

Inositol has nine possible stereoisomers, seven of which are inactive
or meso. Two optically active forms, the racemic form, and several cis,
trans-somers occur naturally. The prevalent natural form is cis-
1,2,3,5-trans-4,6-cyclohexanehexol, which has the following properties:

d 1.752; mp 225-227 degrees; optically inactive; solubility in water at
25 degrees = 14 g/100 ml soln, at 60 degrees = 28 g/100 ml soln; slightty
soluble in alcohol; practically insoluble in ether and other common
organic solvents; aqueous solutions are neutral to |itmus.

C. Stability

Inositel is stable in air.

VII. Analytical Methods

The method of Platt and Glock for the determination of inositol
utilizes the unique behavior of inositol toward periodic acid oxidation
as the basis of the determination. In this procedure the test-material
is extracted with water, and the aqueous extract further extracted with
70 per cent acetone and then with ether. The fractions insoluble in
70 per cent acetone and soluble in ether are discarded, and glucose
removed from the extracted aqueous solution by yeast fermentation. The
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acidic and basic substances which may be present in the aqueous solution
are then removed by selective adsorption on:appropriate ion-exchange
resins. The free inositol remaining in the purified water solution after
the above treatment is finally oxidized quantitatively with periodic
acid, the excess of periodic acid being estimated iodometrically. Water-
soluble combined inositol is determined after acid-hydrolysis of the
aqueous extract (420).

VItl. Occurrence
A. Plants

Inositol is found widely distributed in many different types of
plants. |t is most frequently encountered in combination with phosphoric
acid, although free inositol and monomethyl and dimethyl ethers of
inosito!l have also been isolated from some plant species. The most
common form for the occurrence of inositol in plants is as a hexaphosphoric
acid ester called phytic acid, which is found to be heavily concentrated
in seeds and cereal grains, accounting for as much as 86% of the total
phosphorus present.

. B. Animals
Inositol was first discovered by isolation from animal muscle
tissue and has subsequently been found in many of the vital organs of
the human and animal body. The human tissues richest in inositol are
brain, stomach, kidney, spleen and liver, in decreasing order of
inositol concentration. The richest animal-food sources of inositol
are brain and heart. As with plants, much of the inositol in animals
and man appears in combined form.
C. Synthetics
None

D. Natural Inorganic Sources

None



Biological Data

I. Acute Toxicity
Man

in studying the effect of inositol on the basal metabolism of man,
Maurer and Seckfort injected, intravenously, 21 patients with 2 g
inositol dissolved in 20 ml of 0.9% NaCl, 10 patients with 4 g inositol
in the same solvent, and 14 patients with the solvent alone. In all
cases the inositol injected was endured without complications. Those
patients receiving 4 g of inositol showed a distinct wreduction (15-25%)
in their basal metabolic rates. The effect of 2 g inositol was questionable
(353). '

I'l. Short-term Studies
Rats

To study the effects of inositol ingestion, Natsume gave an un-
specified number of 20-day-old male Wistar rats (average weight 50 g)
myoinositol in oral doses of 0, 0.5, 5, 10, and 50 mg/animal/day for a
period of 45 days. The administration of 0.5-5 mg inositol/rat/day
exerted a favorable effect on the growth rate of the rats, but the level

Iil’ of 50 mg/animal/day produced slight growth retardation, evident 10-15
days after onset of administration (see Fig. 1). |In 4 out of the 24
animals given the highest dosage of inositol there appeared staining of
the hair due to excessive fatty secretion, loss of appetite and subsequent
general hyposthenia. However, fthese symptoms showed no reproducibility
and could not be atfributed to the large dose of inositol. Analysis of
urine collected from the rats revealed no significant difference in the
amount of inositol excreted by animals receiving various dosages. Changes
in the pattern of lipids in the liver were investigated and it was found
that the larger the dosage of dietary inositol, the larger the P/N ratio
of hepatic lipids, although there were no significant changes in the
relative amounts of the total l|ipids and cholesterol in the liver. In a
comparative experiment, an unspecified number of 3-month-old rats were
given, orally, 0, 0.005, 0.05, 0.5, or 5 g inositol/kg/day for 1 month.
With these older rats, no inhibiting effect on growth was seen among
the animals given large dosages of inositol (383). )

In a two-month feeding study by Kotaki et al., groups of 3 to 8
young albino rats were maintained on a basal ration with supplements of
inositol and choline as depicted in Table 1 on the following page. At
the end of the feeding period the rats were sacrificed and tested for
serum and hepatic total lipids and the hepatic lipids were tested for
N, P, and cholesterol content. As shown in Figure 1, on the following
page, high levels of inositol were found to repress growth. Serum
and liver total cholesterol were not significantly affected. However,
the P/N ratio of hepatic total lipids increased with increased inositol
administration. Further tests showed that these effects were diminished
by elevating the protein content of the ration, or by increasing the
amount of choline administration (286).
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Fla. 1 Growth Repressing
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10 20 30 40
Days

Effect of Myoinositod wohen Adiing-
steved tnoa Larse Foecess Amownt

A, no addition; B, 0.5 my/day; C, 50 mg/day of myoinositol,

Administration of AExoinositel and Cliolin

TapLr 1

EKxperimental

Addition

Broup Myoinosilol Choline
myfday Sy
Exp.1
A e 1.25
B 0.5 - 1,25
C HE 125
D 10 1.25
K o0 120
Exp 2
in = 1.25
G 0.5 1.26
13! 5 10
] 10 20
Je 5 100

¢ Administered as suspension.



Man

In an effort to discover whether the ingestion of inositol produced
any change or disturbance in the metabolism of man, Anderson and
Borworth administered inositol to a human subject per os for 4 days at
a level of 15 g on the first day and 30 g/day thereafter. The urine
was col lected and analyzed for total nitrogen, uric acid, creatinine,
ammonia nitrogen, ftotal phosphorus, inorganic phosphorus, organic
phosphorus, and inositol. The feces were also collected and were
analyzed for nitrogen and phosphorus. Except for mild diarrhea during
the first few days, the only effect produced by this regimen was
increased excretion of creatinine for several days following the
ingestion period (12).

Vorhaus et al. administered from 1 to 2 g of inositol daily to
patients for periods of over two months without the production of any
adverse effects (544),

In a discussion of the work of Vorhaus et al., Shay stated that
he administered 1.2 g of ihositol per day to humans for a considerable
period without any ill effects (544).

In .an effort to determine the effect of inositol ingestion on the
concentration of plasma lipid inositol and several other plasma lipids,
McKibben and Brewer treated a group of 13 patients suffering from high
tone deafness with 3 g of inositol (oral) per day for periods of 1-12
1‘ l months. No change resulted in the fasting plasma inositol phosphatide
I concentration; there were minor increases in total and free cholesterol
and total phospholipids, and there was an apparent decrease in neutral
fat. None of the patients reported any untoward symptoms or reactions
from the inositol (359).

Staubach and Seckfort examined the effects of inositol on man by
injecting, intravenously, 2 g doses of inositol into 12 patients in a
single dose and in another 12 patients daily for 10 days (all patients
were either healthy or mildly ill). Blood samples were taken at regular
infervals throughout the test period and were tested for both qualitative
and quantitative aspects. Neither qualitative structural nor quantitative
concentration changes of the peripheral blood cells were observed (504).

11, Long-term Studies

None

IV. Special Studies

Reproduction

To study the effects of inositol (1% of diet) on reproduction,
Ershoff employed 42 female Long-Evans rats, which were selected at 23
days of age and an average weight of 41.8 g. They were divided into
groups of 6 and fed ad libitum the 7 diets shown in Table 1 on the
following page. They were weighed weekly, and vaginal smears were taken
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daily from the 48th day. After the 60th day the rats were bred to males

of proven fertility. No adverse effects on growth or reproduction were
noted in the animals fed purified rations supplemented with inositol.
Lactation was inadequate with both the control and the experimental rations,
although some young were weaned on each of the diets (141).

TABLE 1.
Composition of Experimental Diets,

Dietary component A B C D E F G
Cascin® 8.0 300 300 300 300 300 300
Salt mixturet 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Sucrose 65.5 645  63.5 64.5 63.5 65.5 55.5
p-aminobenzoic acid 1.0 2.0 1.0
Inositol 1.0 1.0
Folic acid : 0.0003
Yeastt 10.0

" T—o:;(h k;,; ;)f dicts A-F, were added 80 mg thinmine hydrochloride, 20 mg riboflavin, 20 myr

pyridoxine hydrochloride, 100 myg ealeium pantothenate, 100 mg nicotinie acid, 3 my Lmethyl
naphthaquinone and 1.2 g eholine ehloride.  To each kg of diet G were added 3 mg Z-methyl-
naphthaquinone and 1.2 g choline ehloride.  In addition each rat on diets A-G reccived {he
following supplement 3 times weekly: 500 mg cottonseed oil (Wesson), 1.0 mg alplia-tocophirol,
and & vitamin A-D concentrate containing 30 U8, units of vilamin A and 30 U.S.P. units

of vitamin D.j
* Vitamin Test Casein, General Biochemicals, Ine,, Chagrin Falls, Olio.
t Sure’s Salt Mixture No, 1,5 :
$ Brewers? type yeast No. 200, Anheuser-Busel, Toe, St. Louis, Mo.
Il Nopeo Fish Qi Concentrate, assuying 800,000 U.S.1°, units of vitumin A and 80,000 U.S.1%,

units of vitmmin 1 per gram.,

The effect of inositol on reproduction and lactation and the
interaction of inositol and p-aminobenzoic acid was studied by Sure in
the albino rat. Groups of female rats were maintained on various
rations as shown in Table 2. In the first 3 groups, inositol was
administered in daily doses of 10-15 mg per animal until mating and
in 30 mg doses during the reproduction and lactation periods, while
p-aminobenzoic acid was fed in 3 mg daily doses per animal during the
first 4 weeks followed by 7.5 mg doses until breeding, and 15 mg doses
during pregnancy and lactation. The other groups received the test
compounds in their rations at a level of 0.2%. As evidenced by the data
in Table 2, inositol administration resulted in a very marked harmful
effect on lactation. The concurrent administration of p-aminobenzoic
?c[d, however, produced a pronounced protective action against inositol
injury.

10
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TABLE 2

The role of p-awminobenzoic acid and irositol in lactetion.
TANMIND- X0, - YOUNG
RATION &ROUP  SOURCE OF 0:“,"&';;‘) SPECTIAL or xo. TOTAL  arvny  YOUNG |
0. xu. PROTEIN | CARED ADDITIONS vEMALES  OF  YOUNG T PEARED
RYDRATES MATED LITTLRS RIAR
Casein, 30075 Dried
13 1 ‘ oo ' ,. bri Tyt = . . 26 6.8
> ¥ ibrin, 105 Dextrin arass, 2% Cortrol ) 6 (12 6 G 18,
13 e Dextrin o nes!? B 6 56 53 0 wn
13 7 Dextrin “ pabroines v 3 s 65 41 16 306
Casein, 10% Liver con-
12 2 { it v i ’ ’ . 5 27 51 o0 Ll
Fibrin, 10% Dextrin centrate, 1% Centrol ) 10 127 6 20 33
12 e Dextrin 1 inos.t 5 i 6 63 10 15.9
12 i Dextrin 1 p.a.iocinost 3 9 166 3% 33 61}
" . {Cascin, 10% . Dricd Control i} 0 oo 10 om e
o l Fibrin, 105 Dextrin Tiver, 2% strol 3 92 ) 23 37.3
14 44 Dexirin ” inos.t b 9 88 a3 3 ad
4 ? Dextrin b p-a.boinost? 3 il 109 60 51 §3.0
Yeast
) 4 Fibrin 25% Dex- = nucleie Control 5 i 97 50 18 305
aeid, 0.2%
0 Pextrin o, inos., 0.2% 1S 6 44 23 3 1.7
10 Deoxtrin e pah, 0.2% 3 6’ 67 36 18 50.0
. . pah, 026 } _
oTEL LR} h 9
11 Fibrin, 25% Dextrin ines., 0.2 5 6 50 16 5 312
T 5 Cascin, 22.5% Cerelose Control 10 13 1i7 77 17 221
2 3 Fibrin, 25% Cerelose : Control 15 32 340 216 87 403
Polished '
3 Fibrin, 25% Cerelose . n N : 3 11 06 66 44 66.6
L rice, 30%
4 Fibrin, - Cerelose ’ inos., 0.2% 5 12 112 67 2 31.3
3 Fibrin, Cerelose * pab, 0.2% 5 11 112 63 (] 08.4
i 0.2¢% '
6 Fibrin, 25 Cerelose ” inos., 0.2% } 5 10 . 108 60 53 833
r T o pab., 0.2% .
i Fibrin, 253% Dextrin Control 15 21 i3 119 33 27.7

! Administered separately from the ration in doses outlined in the text.
*mab, == p-aminobenzoic acid; inos. = inositol.
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Cancer

As shown in Table 3, Laszlo and Leuchtenberger found that intra-
venous injections of inositol inhibit tumor growth in mice. Subcutaneous
and oral administration of inositol were found to be ineffective (310),

TABLE 3

ErrEcT ON TUMOR GROWTH OF FOUR INTRAVENOUS INJECTIONS
or INOSITOL IN VARYING DOSES GIVEN OVER A
Per10D OF 48 HOURS®

No. of ani- Mean
Group mals in B:%Ss?t%tl' - terminal Standard

0. ea . tumor error

group v ) weight

. i mg
453 11 0 (control : 470 25.6
Co saline) '

452 - 18 38 436 22.8
451 14 . b0 , 350 336
450 10 % 270 34.1
449 7 100 246 41.1
448 ] 150 215 26.4
447 6 250 . 222 2.8
446 b5 1000 142 12.8

*Female Rockland mice transplanted with Sarcoma 180;
start of the experiment 8 days after transplantation; mice
gept on polished rice diet for the experimental period of 48

ours. . .

il
" fn similar tests, Hesselbach and Burk confirmed the tumor-
inhibiting activity of inositol (246).



Biochemical Aspects

. Breakdown

The procedure and results of tests by Cheldelin et al. on the losses
of inositol by foods due to cooking are presented in Table 1. |Inositol
losses among meats were quite variable, but were moderate in most cases.
In general, smaller losses were observed among samples which had been
subjected to relatively mild treatment such as steaming. Inositol losses
in the cooking of vegetables were often much greater than those encountered
for meats, with especially high losses among the legumes. The authors
stated that in view of the stability of inositol toward heat, this is
surprising especial ly since the severity of heat treatment for the
vegetables tested was much less than that for most of the meats. They
suggested, fherefore, that the losses observed may be due to "binding"
of the inositol in various tissue combinations rather than to thermal
destruction (91).

Tuotst cuntent

: Tive WalbR  NWEKT by
Yoon MANRIR OF LhoL NG oy T HERIG Avie o e e T
| ECRING AR SR G Wetore  Aftur
Aleate Mivtra v m e mg. mg e
V Reef yoand Froat i ugno pan o 1 40 e 18 16 11
20 Hef diver Froad v apen Jon IR I 4 A 2e © 10 a2
& Heof diver Frivd, votrred pan 0 1 84 kid
4. Heof heurl Kteaned 30 ni 160 210 : 420 420 ]
o Heof dert Stesitad a0 L 160 15 : 200 Bu0 o
6. Pork lon Fricd v opes pan 10-15 0 40 29 1R 13 2%
7. Pork loin Frivid i open pan 10-14 o 45 28 20 13 an
B, Purk lain Fricd sn open pan 1015 i 68 4 8 o0 20
. Rienn Fried i open o H [0 41 1? L] 7.5 LY
100 v, Pried in opea pan RN ir o2u 14 4 L4 "
| W Hom Pried b open pan 15 o 1 an 17 1% [0
1 Mean Frivd iuopen pan 11 0 i a7 34 .7 14}
Vi Fricd i ojen g 10-15 0 42 an 15 ' )¢ d
", Kt %0 LY 170 150 54 a2 34
15 L 120 i 690 30 400 310 24
16, N or Mtenmed a0 66 123 198 68 77 0
17, ( Fried an open pan AI35S Y o 41 35
I8 € Fried in open jaan 1015 5 69 46 26 22 15
14 Clucken Yrewst Fricd i oo e MBSV R 0 3 29 10 10 [d
20, Chasken breast Froad to apen pan 10-13 o a1l a2y 21 2] a3
21, 8 Fried in ¢jen pan il 3 111 o7 19 19 0
22 Haabhat Fricd in open pan 710 e 126 104 24 18 25
23, Naiibut Steamed a0 0 [ s K k4 0
Yegrtables N
24, Berts Boiled, covervd kettle 40 266 133 13
24, Coaking waler 140 "
26, Hevts Steaned 40 190 380 570 80 43 46
27, Heet tops Steamed 10 20 40 G 8.3 3.9 54
26, Cahbuge Btenmed . 30 25 100 120 o5 2 35
on, ota Bleamed a0 25 50 75 24 kel o
10, lower Ktestmed 20 120 120 240 86 9 33
Ak Canittower Bteamol a0 50 100 150 110 60 46
=A% Omens Fried in open e .00 20 208 ny
44, Potators Boiled, covered kettle K0 “uu 190 Lo
a4, Coobing watrr 180
<ih, Pat Boiled, eovered kettle R 360 180 210
36, Coalung water 210 !
N3T0 Liva heans Steamed 60 16 5 15 BA a3 61
Ak Okt Bteamed 20 15 30 40 16 16 d
A, Rice Bteamed o5 an 30 90 7.9 a 61
A0, Nuverkvaag Kteanied 30 o b ] 1.5 1.0 20
1 Kpieel Nteined .10 113 100 150 o7 20 26
420 Split peas Stewmed 40 100 50 150 160 TR 3
43, Bweet potatoes Baked 4560 [ 2200 170
41, Turnys HBoiled, covered kettle 40 114 14 118 I
45, Conling water 90 !
46. Turnips Bteaned 20 22 22 44 10 31 [
Fruit '
47, Apples Boiled, open kettle 20- 30 1360 3400 2300 .
Epua and itk
AR Fpos Bernmhled, vpen pan IS It 3 150 138
LI Seramblod, ojan pan 10-15 1 50 46
LU XTHIN Bakend a0 0 100 1o n Lo [J
R Bpes Kernmbled, vovered prn b o 100 4y H
52, Mith Heated, ghiss dish 30 0 100 100
83, Milk Heated, open metal pan 15 0 100 100

12
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I'l. Absorption - Distribution

Figure 1 is a graphic representation of the results obtained by
Wiebelhaus et al. following adm|n|sTra+ion, by gastric intubation, of
inositol in doses of about 250 mg to fasted, 200 g rats. A period of
24-28 hours was required for complete absorpTion. It was determined
in the study that no conversion of administered inositol to a bound

form had occurred in the intestine. In further studies the administration
of 800 mg inositol fo 250 g rats caused no appreciable changes in the
level of this compound in the blood, liver or testes, but did produce

a significant change in the heart confenT The hearts of fasted rats
were found to contain 95-97 mg% of inositol while those of inositol-
fed rats contained 123-152 mg% (567).

100 o °

% ABSORPTION

0 T ] T 15 T ] 1

o] 8 16 24 32
HOURS AFTER DOSING

Fic. 1. Rate of inositol absorption in fasted rats.

Anderson found inositol to be absorbed very slowly from dog
intestine in situ (11).

Using a nephelometric micro bioassay with Saccharomyces carlsbergen5|s,
Sonne and Sobotka found the range of plasma inositol in one normal
human subject and four with amyotrophic lateral sclerosis to be 0.37-
0.76 mg/100 ml for individual fasting samples. Pooled plasma from
miscellaneous patients ranged from 0.54 to 1.87 mg/100 ml. Dai ly
ingestion of 1.5 g of inositol was found to produce, in most cases,
a moderate rise of the plasma inositol level (498).

[11. Metabolism and Excretion

Stetten and Stetten reported that the intraperitoneal injection
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of deuterium-labeled inositol (2 g in 16 ml water given in 4 doses at
intervals of 2.5 hours) into a phlorizinized rat resulted in the
excretion of urinary glucose containing sufficient deuterium to indicate
a minimum of 7% conversion of the injected inositol to glucose (506).

Wiebelhaus et al. found no increase in the liver glycogen of
white rats after the administration, by stomach tube, of inositol.
However, inositol, given by stomach tube or intraperitoneally,
functions antiketogenically in the white rat and at the same time
reduces the amount of total nitrogen excreted in the urine, which
suggests that the material given is utilized as a carbohydrate in the
fasted animal without a prior conversion to glycogen as such. With 200
g white rats, the urinary excretion of inositol was found to vary from
3 to 5 mg/day/rat and was not significantly greater for rats which had
received 260-335 mg of inositol per os than for fasted control rats.
It was concluded that urinary excretion accounts for less than 1%
of the administered inositol (567).

Howard and Anderson found that inositol-2-14C is not degraded to
respiratory 14C02 by nephrectomized rats. On the basis of this finding
and the results of earlier tracer experiments, they concluded that the
kidney is the only organ of importance in inositol catabolism. |In
further experiments they found that rat kidney slices could convert at
least 4.7 micromoles of inositol-2-14C to 14002/9 tissue/hour at
inositol concentrations (in the incubation medium) of 12 mM or greater,
which suggests that a rats kidneys can catabolize all of the inositol
ingested in an average daily diet (258).

Following intraperitoneal injection of '4C-1abelled inositol into
normal adult male white rats, Coots found that the inositol was
vigorous |y metabolized to COp by the rat, 20-40% of the administered dose
being excreted into the respiratory COp within 8 hours. Inositol was
also found to be incorporated intact into complex tissue components,
such as phosphous |ipids, and was found to be converted into glucose.
Incorporation of 14C into glycogen was found to be quite slow, periods
greater than 3 hours being required to attain appreciable specific
activity (98).

Three pathways of inositol metabolism in the intact rat were
quantitatively investigated by Moscatelli and Larner by the intra-
peritoneal injection of 14C-labelled inositol. A small conversion to
glucose, amounting to 0.12-3.16%, was shown by liver glycogen labeling.
Comparable amounts were incorporated into organ lipids, the liver and
kidneys showing the highest levels (0.32 and 0.20% of the dose,
respectively). Vigorous oxidative dissimilation of 14C-inositol to ]4C02
was found to occur in the intact rat, with 10.1-25.7% of the administered
doses being expired in this form (373).

Table 1 shows the results of a study by Kotaki et al. in which
they found no significant differences in the urinary excretion of inositol
among groups of young albino rats ftreated with various levels of oral
inositol (286). :
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TapLi 1
Urinary FEacretion of Myvinasitol

Amount of mynint’v: Vitnl- Amount of myoinoesite)
administered in 24 hour i
wmiglday - omg
-— 0.18:
0.5 U.'ISF}
5 0.250
10 (.140
o0 0.176
a Average value of three animals,

Anderson observed that when administered to dogs perorally at
the level of 2 g/kg of body weight, inositol does not cause a rise in
the respiratory quotient. As much as 77% of the administered dose was
recovered from the excreta, only a small portion of which was eliminated
via the kidneys. It was concluded that inositol is not utilized to
any extent by the dog (11).

The findings of Anderson (11) in the dog were corroborated by a
tater study by Dubin (128).

Following subcutaneous injection of inositol solutions in
phlorizinized dogs, Greenwald and Weiss observed a slight but unmistakable
increase in the urinary glucose: nitrogen ratio. They concluded that,
in the dog, inositol is slowly and incompletely converted to glucose
(203).

On the basis of experiments in which 14c-1abelled inositol was
incubated with slices of rabbit kidney cortex and was administered to
a normal human subject, Freinkel et al. suggested that the metabolism
of inositol occurs via the glucuronic acid pathway and pentose cycle
(174).

Following the ingestion, by a human subject, of 30 g of inositol
one day and 10 g the next morning, Anderson and Bosworth found that a
small quantity of the ingested inositol (9%) was eliminated in the
urine and that the feces contained none. Excretion of unchanged inositol
was complete within 24 hours after ingestion. The fate of the remaining
91% of the ingested material was not determined (12).

IV. Effects on Enzymes and Other Biochemical Parameters

The lipotropic effect of inositol was discovered in 1941 by
Gavin and McHenry. In their original paper and in subsequent publications,
they reported a type of fatty liver in rats which they believed to have
been caused by the presence of excessive amounts of biotin in the
experimental diet. lnosito!l was found to be particularly effective in
treating the fatty livers produced by this diet, and to possess marked
lipotropic action. However, inositol was found to have no effect on
thiamine-induced fatty livers in rats except in the presence of other
B vitamins (186, 187, 188),

Best, Lucas, Patterson and Ridout, working with rats having
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fatty livers induced by dietary means, confirmmed the lipotropic action
of inositol (49, 48).

Abels, Kupe!, Pack and Rhoads, in clinical studies on human
patients having gastrointestinal cancers and livers heavily infiltrated
with fat, found that administration of inositol reduced liver fat to a
nearly normal level in most cases in less than 24 hours (3). Pre-
operative oral administration of inositol to humans has been reported
to result in a marked reduction of total liver fipids (3, 2, 16).

Hemorrhage in the kidneys is one of the corollary effects to
fatty infiltration of the liver, and is particularly characteristic of
the syndrome caused by choline deficiency. Best et al. reported that
inositol (30 mg/day) was not effective in preventing the occurrence
of the hemorrhagic kidneys which developed in young rats on diets
low in choline and methionine (48). Handler found that although inositol
exerted lipotropic activity in the liver, it actual ly appeared to
increase, slightly, the incidence and severity of renal hemorrhages
in rats due to choline deficiency (214).

Upon freating (orally) old hens with 0.5 g of inositol per day
for periods up to 68 days, Herrmann was able to discern a definite
decrease in the cholesterol content of the blood and tissues of the
birds. The author concluded that inositol is a decholesterizing
agent and effects some mobilization of cholesterol and cholesterol
esters from the tissues (244).

0
ll‘ Martin et al. reported that the peroral administration of
inositol (20 mg/kg) markedly increases the peristaltic action of the
stomach and small intestine of dogs without creating a spastic condition
(349).

In enterostomized dogs maintained exclusively on a peeled whole
wheat bread diet, Bly et al. showed that a severe deficiency developed
in 2-3 months, and that this condition was accompanied by a diminution
of gastrointestinal motility and 40-60% decreases in the rates of
carbohydrate and protein digestion and absorption. A supplement of
panfothenic acid was shown to restore the function +o normal, but
inositol acted more as a cathartic (57).

Anderson noted diarrhea in a dog following administration of 2 g
of inositol per kg of body weight. He suggested that this phenomenon
is caused by the slow absorption of the alcohol (11).

Anderson and Bosworth reported that when inositol is ingested by
man at the rate of about 0.5 g/kg of body weight/day it produces some
diarrhea at first or frequent soft stools. After a few days the
stools, although more frequent than usual, are nearly of normal
consistency (12).

Vorhaus et al. reported that the administration of 1-2 g of

inositol per day to 20 human patients produced in no case any change
in the normal bowel habits (544),
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V. Drug Interaction

The synergistic action of inositol and choline has been fairly
well established. Forbes was the first to point out that simultaneous
administration of inositol and choline to rats, on certain diets,
results in a greater reduction in the concentration of liver lipids
than if either substance is given alone (167). This synergistic
effect of inositol has since been confirmed by a number of workers
(52, 54, 213, 335).

Martin reported that the addition of p-aminobenzoic acid to a
highly purified ration produced a syndrome, characterized by poor
growth and changes in fur, which could be prevented by the administration
of inositol. The addition of inositol to the diet in the absence of
p-aminobenzoic acid caused a similar syndrome, which could be prevented
by p-aminobenzoic acid (348).

Vi. Consumer Exposure Information

In 1942, Williams calculated that a good, mixed diet, furnishing
2500 calories per day, supplies approximately 987 mg of inositol
per day. Assuming this amount to be that needed on a 2500 calorie
mixed diet, he estimated the probable human requirement of inositol
as approximately 1 g or more per day. The diet from which he calculated
this value is shown in Table 1 (574). :

TasLe 1—Vitamin B Content of Foods

u; - & "3 5 o -
S% & 9w 2 Eg 2 % OB | E,
g8 & g¥ 3 Zu 5 % TR
&§ E £% & 27 0 £ 8§ I8
tx Fs £% S ST % & Ee Gs
Constituent &% E= #E EF A% & & f= &=
Whole miilk....... 20 03 04 14 22 006 100 020 0.100
Whole wheat..... S 10 1.3 034 24 001 350 044 0366
Lean meats )
Beef............ 9 007 100 04 10 001 21 011 0043
Pork........... 9 15 70 02 07 001 8 01l 003
Liver........... 2 007 50 10 24 013 2 002 0037
Potatoes......... 10 0.2 3.6 1.0 0002 87 065 039
Buller............ 5 . . . . . . . .
FRES..uevnnn.n... 6 02 * 004 02 0002 1 » .
Fresh peas....... 4 015 20 014 07 0014 L 0CF 0124
Freshearrots.... 4 01 06 015 06 001z 235 016 0285
Orange juice. ... 2 . * . * . . . .
- e —— " [
Total........... 100 36 401 467 112 025 957 177 1.39

* The amount of these foods is small enough so that they contribute
a negligible umount of the B vitamin In question to the diet.

The inositol content of various biological materials is presented
in Table 2 (482).
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Tur, Inostron CONTENT OF

Inositol content, v/g. of fresh tissue

TABLE &

Vegelable I‘rudu(rf

Vaitovs Broroarean Mateuians

¢ Petermined as phytin phosphorus, These inositol weights were ealeuluted from C
values for phytin phoxphorug, assuming a formuln CasMg(Cs111:02Ps- 310}z for phytin.

Reference
Cercals
Wheat germ 6,900 4
Whole wheat 1,700 4
1,900 5
Bread, whole wheat 644 6
1,030 4
Flour, white 830 4
Flour, whole wheat 1,105 6
Oats 3,160 b
1,000 7
Barley 3,920° 5
Corn 500 7
Fruits
Oranges 2,100 4
Orange juice 1,040-1,700 (per nl.) 8
Grapefruit 1,500 4
Grapefruit juice 880-1,120 (per m}.) 8
Cautaloupe 1,200 4
Tomatocs 460 4
Apples 240 4
Vegelables
Peas, English, green 1,620 4
Cabbage 950 4
Potatocs, sweet 660 4
Potatoes, white 290 4
Lettuce 550 ° 4
Carrots 480 4
Spinach 270 4
Miscellancous
Peanuts, roasted 1,800 4
Molusses 1,500 4
3,2000 9
Tea leaves, dry 10,000 8
Yeast, Torulopsis utilis 2,700 10
Yeast, brewer's 500 7
Animal Producis
Meats
Beef, muscle 115 4
2,640 7
Beef, heart 2,600 4
16,000 7
Beef, brain 2,000 4
6,000 7
Beef, liver 3,400 7
510 4
Pork, loin 360-450 4
Veal, chop 320-350 4
Fawl and I'ish
Chicken, breast 480 4
Oyster 440 4
Haliba! 170 4
Habinen 170 4
Yopse 220 7
Mitk Jroduetls
Whole milk, cow - 500 7
180 (per ml.) 4
Wheotc mitk, human 330 (per ml.) 4
Cheese 250 4.

b P hi included 1340 v of free inositol and 1860 ¥ of bound {phytin) inositol.
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The following tables were compiled from data submitted by user
firms. Food consumption values for each food category were derived
from the Market Research Corporation of America (MRCA) data on
frequency of eating and from the USDA data on mean portion size of
foods in each food category. The food consumption values thus derived
were coupled with the usage level data obtained in the surveys to
calculate the daily intake of each substance.

Table 3 reports the usage of Inositol in infant formulas and
baby foods. Table 11 reports the annual poundage data and table 13
reports the possible daily intake per food category and total dietary
based on food consumption by total sample.
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. Imonumon :
I\ a ptenous investigation the-livers of patients’ with- gastromtestmal

“cancer were found to have abnormally high concentrations of fat and prob-

ably low concentrations of glycogen. This may be of clinical significance
because, from the ‘evidence, these changes render the fivér abnormally sus-
ceptible to injury.® 'The physiological effects of these two constituents may.
be interrelated, as suggested by the fact that the livers of ‘individuals exposed
to several hepatotoxins are not damaged when considerable amounts of glu—
cos: are administered.? This effect apparently is not due simply to the in-
crezsc] amownts of hepatic glycogen deposited, but to the fact that when
adcquate stores of caraoh) drate are avallable for metabohc purposes, fatty
infiltration of the liver is prevented.* . ,

The abnormal hepatic chemical composmon is pamcularly xmportant in?

* pauents with gastrointestinal cancer’ because ‘they frequently ‘are subjected :

tn crnsiderzble ancsthcsia, medication, and. surgical mampulatxon . Since-in
rormotbin lividucls these procedures induce hepatic damagt, it is reasonable ‘

‘to azcume that the damage is considerably greater. in a Hver abnormally sus- >

centible to injury Lecause of its altered constitution. -~ - -
Tn experimental animals, fatty infiltration of the lxver can be reduced 'by'.
the admniration of certain dietary’ constituents. Moreover, ~the ‘satme

L Measuces dnlf‘rﬁl tly increase the functional capacity of the ‘organ and-its -

resistance to the usual injurious effects of several noxious agents.3. A
clinical study, thercfore, was undertaken to ascertain whether -or not: the re-

Coperaiive administration of the same dietary -factors %o, the patxents with

L2

Jivers 1o normzl. The results of that study fom; thq sub)ect of the prwt
gt R AR R A

-5,

) Yo"k th ,a«"W‘ }*

gaztroirtustingl cancer would restore the ‘ehemical- compomtanﬁcof “heit
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MATERIAL

Thirty-seven patients with gastrointestinal cancer were studied. Of
these, three had carcinoma of the terminal esophagus, 29 of the stomach,
and five of the colon. As controls, 12 patients with benign gastrointestinal
lesions were used. Of these, five had gastric uleer, two atrophic gastritis,
two gastric polyposis, one chronic ulceration of the terminal esophagus, and
two ulcers of the duodenum. As a second control group, eight patients with
obstructive lesions of the common bile duct were studied. In three this ob-
struction was due to carcinoma of the head of the pancreas, in four to
impacted gall stones, and in one to a stenosis of the ampulla of Vater.

The final diagnosis in all patients was made at laparotomy and by micro-
scopic examination of the biopsied lesion.

MeTHODS

The preoperative care, dietary régime, and anesthesia of all patients, as
well as the technics by which the liver tissues were obtained and analyzed
have been reported previously.!

‘At 10 p.m. of the night before the day of operation, a small Levin tube
was inserted into the stomach of each patient. This tube was allowed to
remain in place until 7 a.m., and through it were introduced, every two
hours for five doses, the test materials studied. At 7 a.m., one hour after the
last tube feeding, the stomach contents were aspirated and discarded.

The glucose was administered in the form of 200 ml of 25 per cent solu-
tion, so that in the five doses 250 gm. were given. The lipocaic employed
was made according to the directions of Dragstedt,* and introduced through
the tube in 1.6 gm. amounts suspended in 100 ml of water. A 10 per cent
aqueous solution of choline chloride was administered in five doses each of
0.6 gm. Inositol { was given in 240 mg. amounts five times, total 1,200
mg. ' ‘ ‘

RESULTS | o

The results are presented in four parts as the effects of the preoperative
administration of (a) glucose, (b) lipocaic, (¢) choline chloride, and (d)
inositol on the chemical constitution of the livers studied. o

A. Glucose: For a group of 18 fasted patients with gastroiritestinal
cancer, the hepatic glycogen previously was found to average 2.91 gm. per
cent,’ the fat 17.47 gm. per cent, and the protein 16.17 gm. per cent (table 1).

In contrast to these values were those of the livers of a group of 11
patients with gastrointestinal cancer who received preoperatively 250 gm.
of glucose (table 2). In these, glycogen varied from 2.3 to 9.95 gm. and
averaged 4.39 gm. per cent or 1.4 times that of the fasted control patients.
The fat ranged from 3.9 to 15.2 gm. and averaged only 7.24 gm. per cent, or

* Procured through the courtesy of Eli Lilly & Co., Indianapolis, Ind.
T Procured through the courtesy of Lederle & Co., Pearl River, N. Y.
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The Chemical Constitution of the Livers of Futed Patients |

! ] _ Concentrations‘of Hepatic
1

Disease Glycogen, gm. percent | Fat, gm. per cent Protein, gm. per cent

Range Average Range Average Range Average
1§ Gastrointestinal car- 1.0-7.3 201 1 53—350 17.47 | 12.9-17.95| 16.17

1 cinoma - -
4 g Bile duct cbstruction 1.3-5.1 2.62 ll 5-26.6 { 17.72 | 12.3,14.9
4 Beion disorders of | 1.3-3.55 | 2.28 62-17.0 ] 11.8 | 114-16.6 | 14.6 .
I g*:u'om.esunal RS ‘
| act

Tame Il - .~

The Chemical Composition of the Livers of Patlents with Gastrointestinal Caneer Who
Received Preoperatively 250 gm. of Glucose

P2 Histologic Appear- Glycogen, © Total Lipid, Total Protein,
w- 2t ance of Liver gm. per cent gm. per cent gm. per cent
MK .o Normal 4.2 8.1 13.8
Low Normal 9.95 6.1 119
I Normal 3.1 15.2 179
T Normal! 4.7 5.7 14.2
C. Normal 30 54 15.9
3 Normal 3.2 7.3 15.8 -
; Normal 4.5 4.55 16.3
Normal 2.5 39 151
Normal 52 4.7
Nermal 5.6 . 10.3 17.0
Normal 2.3 10.3
) Average..... 4.39 7.4 - 18,32 .
1

£-2 :2,;‘ of tho fasi.d control group. Of the 10 patlents “fed glucose, three

TR A T —xr:d'\ 'zl concentrations of hver fat (greater than 8.5 gm.
Ter »."

i Dtlie 11 instances in which the protein contents of the livers were
el Tl e mm" to range from 13.8 to 17.9 gm. and average
12.. . Lrolout el to that of the group of patlents who recelved no

Th: crenpenative ingestion of glucose apparently aﬁ'ected f.he chemical '

comatin o ala of the livers of patients with obstructive bile ‘duct disease.”
trp phy s _'T?r-': stily tie hepatic glycogen concentrations of four in-
LIV R ‘1 L i fmkr who were fasted before operation, averaged 2.62
Ra BRRE f  everaged 17.72 gm. per cent, and the protem 13.5 ’gm, -
pereoy iz k)

h v i7civideals with common bile duct obstructlon were’ gwcn pre-
operativey 230 gm. of glucose. The glycogen values. varied from 2.4 to 46

zm. zid avera g<d 3.05 gm. per cent, or 1.2 times that of the fasted controll..
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The concentrations of fat in their livers were found to range from 3.8 to 8.85
gm. and average 6.40 gm. per cent, or 0.31 that of the fasted group. No
significant difference was found between the contents of protein in the livers
of the fasted and of the patients treated with glucosé (table 3).

TasLe 111

The Chemlml Composition of the Livers of Patients with Bile Duct Obstruction Who
Received Preoperatively 250 gm. of Glucose

Patient Histologic Appearance of Liver 'S{ygr"anﬁt ,T,,'if‘;',ex;‘é’e‘ﬁé ’I;?nt?lpznf:t"
L.He........ Bile stasis, periductal fibrosis 2.8 6.95 12.2
L.Lo..oooo.. Atrophy, central pigmentation 4.6 8.85 14.5
LI......... Bile stasis 2.4 6.0 - 12.5
M.W........ Atrophy, bile stasis 24 3.8 13.0

Average. .13.05 6.40 13.00

Similar studies were made in a group of patients with benign gastroin-
testinal disorders. In the livers of four fasted patients previously reported
the glycogen averaged 2.28 per cent, the fat 11.8 gm. per cent, and the
protein 14.6 gm. per cent (table 1).

In contrast, in a group of six patients with benign disorders who were
fed preoperatively 250 gm. of glucose, the hepatic concentration of glycogen
was found to be considerably increased. These values ranged from 5.25 to
9.45 gm. and averaged 7.35 gm. per cent, or 3.4 times that of the control
group (table 4). 1t is interesting to note that the average increase of gly-
cogen in the livers of patxents with benign gastrointestinal lesions who re-
ceived glucose preoperatwely is considerably greater than that of patients
with gastrointestinal cancer or obstructive blhary disease who received the
same amount of carbohydrate. .

TABLE IV

The Chemical Composition of the Livers of Patients with Bemgn Gastromtesunal
_ Disorders Who Received Preoperatively 250 gm. of Glucose .

A - 1 IR SR ipid, . X
Patlent Histologle Appear- | Oiolemie * |7 aocpe b gy
F.H...... e Normal 6.2 T 23 143 .
J S . Normal 7.0 635 - |- 1147
AH. ........... Normal 945 . 6.2 ., of - A
{)H e . Normal 7.04 . 188 . © 15.8
LB Normal 9.2 " BS .
AU............. Normal 5.25 - .5.95 .
Average.. 7.35 6.19 13.80

The fat content of the livers of the six glueose—tteated patients with
benign dxsorders ranged from 2.3 to 8.5 gm. and averaged 6.19 gm..per
cent, or 0. 53 times that of the control.gromp.. The, protein concentrations
ranged from 11.4 to 15.8 gm. and averaged 13. 80 gm per cent (table 4),

- -a value equal to that of the fasted group.
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ience. the preoperative ingestion of glucose by the ‘three groups of pa-
1'.r*s su lied decreased the content of fat in their livers. = The stores “of
natic glrcogen were markedly increased only in the patients with benign
: .mnte<tmal diseasc, a fact which suggests that hcpatnc glycogenesis or
~lv.-uen storage in patients with gastrointestinal cancer is impaired. These
v »J \xdua!s are known to have hepatic dysfunction but no morphologic liver
camage.! Extensive impairment of glycogenesis or glycogen storage ap-
parently exists, too, in the patients with common bile duct obstructions who
arc known to have both functional and anatomic damage. Finally, the in-
gustion of glucose was without s:gmﬁmnt effect on the protein concentration

in the livers of the three groups of patients studied.

3

.\

TaBLE V

The Chemical Composition of the Livers of Patients with Gastrointestinal Cancer
gw eceived Preoperatively 8 gm. of Lipocaic

. i - Glycogen, Total Lipid, Total Protein,
Patient Hia.(:‘l:(;}: f vzu ynlyper‘ec:nt (mmur ?env. gm. per m:
Normal 1.6 9.3 ‘
Normal 4.3 7.45
Normal 1.6 6.9
Normal 3.6 7.2
Normal 24 9.35
Normal 2.25 111
Normal 2.9 7.35 15.2
Normal 29 1.0 18.7
Normal 18 7.8 14.5
Normal 2.5 4.05
Normal 3.5. 111
Average.. 2.67 ° - 8.05 - 16.13

B Lr, ocaic: The administration of hpomxc to animals with fatty in-
tvm of the liver effectively reduces their abnormal concentrations of
112 Whether the lipotropic effect of this material is due to its
st o choline and inositol * or to some other factor still is unknown.
«cts of this lipotropic material on the fat content of human. livers
havc ot heen ascertained. Weré it possible by this means to de-
" cxsess fat content in the livers of patients subjected to hepatotoxins
sarsiond owr“txon;, a valuable therapeutlc agent mxght be at hand for the
tevirnsn of liver damage.
i . grems of lipocaic divided into five equal doses were admunstered
woe 1p of 11 patients with gastrointestinal cancer during their last 10
e hours. The concentrations of fat in the livers of these in-
- lwats were found to range from 4.05 to 11.1 gm. and average 8.05 gm.
- ¢, 1 only 0.46 that of the group of 18 fasted patients with the same
woors.  Of the 11 patients who received 11pocmc, only four had slightly
¥ ‘lr cheline and inosito! contents of the lipocaic M were foulﬂ to “be 2.6 aml 35
<ot roopectively, These determinations were made iot s by Dr wt_gg'ky of the

i Lx il or Tnsututxon of Medical ‘Research and. by t:mdard‘.
brands, Inc.

ot

?1
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abnormal concentrations of liver fat. The administration of lipocaic ap-
parently had no significant effect on the concentrations of hepatic glycogen in
these individuals, but, of course, no such effect was expected (table 5).

The concentrations of lipid in the livers of two patients with benign
gastrointestinal lesions who.each received 8 gm. of lipocaic preoperatively
were 7.9 and 9.8 gm. per cent (table 6). Four patients with obstruction of
the common bile duct were treated similarly and only two had normal hepatic
concentrations of lipid. These concentrations in the four patients were 7.85,
8.4,12.7, and 19.5 gm.

TasLe VI

The Chemical Composition of the Livers of Patients with Benign Gastrointestinal
Disorders Who Received Preoperatively 8 gm. of Lipocaic

Patient Histologic Appearance Glycogen, Total Lipid,

i of Liver gm. per cent gm. per cent
FN ..o, Normal 1.5 ' 9.8
HS................. Normal 3.0 7.9

It appears, then, that the administration of lipocaic to patients with
gastrointestinal cancer subjected to operation significantly reduces the ab-
normally high content of fat in their livers. This did not uniformly occur
in patients with obstruction of the bile ducts. '

C. Choline Chloride: When it was apparent that the administration of
lipocaic to patients with cancer of the gastrointestinal tract could-reduce the
concentrations of fat in their livers, it became of interest to ascertain
whether or not this effect was due to the choline or inositol contents of the
material. Both of these compounds are known to have a lipotropic effect in
experimental animals.!! 12 o '

TasLe VII ..

The Chemical Composition of the Livers of Patients with Blle Duct Obstruct.ion
Who Received Preoperatively 8 gm. of Lipocaic -

Patient Histologlc Appearance of Liver - zg"g‘:‘e‘ﬁ{ R L :::Npelr‘lggi N
F.Bo.oooo... .. Atrophy, bile stasis . 33 RTY S
L.S............ Bile stasis, periductal fibrosis 25 19.5
GW.......... Bile stasis, periductal fibrosis A8 84
E.T........... Bile stasis 11 7.85

Hence, seven patients with- gastrointestinal ‘cancer- each were given a.
total of 3 gm. of choline chloride, or about 12 times the amount in the
lipocaic administered. The concentrations of fat in the livers of these seven
patients were found to range from 6.9 to 16.1 gm! and average 11.21. gm.
per cent, or 0.64 that of the fasted patients (table 8)... Of these seven values,
four were above the upper limit of normal. - Tllexjefqye,'"thé lipotropic effect
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of livcaic was significantly greater than that of comparatnvely large doses
of cl. oline, and could not be attributed entirely to its choline content.
The administration of choline had no apparent eﬁect on the hepatxc con-

centration of glycogen. -

 Tamr VIII

£

The Chemical Composmon of the Livers of Patients with Gastrointestinal Cancer
Who Received Preoperatively 3 gm. of Choline Chloride

istologic Appearance .Gl , Total ,
Patient His olog}cugu n?ly;’rne:nt gr:‘..pel;‘gégt
PRooiiiiine Normal 1.1 6.9
F.Gooovviviiieia e Normal 2.3 11.0
S P Normal 2.6 16.1
AR.. ... Normal 2.7 8.2
H.B. . iiiiiiianiinnn Normal 23 16.0
MG oo Normal 4.74 8.3
D S Normal 6.6 12.0
Average.. 3.19 11.21

D. Ingsitol: Inositol was given in five equal doses of 240 mg. to eight

potients with gastrointestinal cancer.

The total amount ingested by each

was eqqual to four times that contained in the lipocaic administered. At the
time of laparotomy the average hepatic concentration of glycogen was 3.28

gm. per cent.

That of fat was 6.94 gm. per cent, or 0.39 that of the controls.

Ir oniy one instance was the fat content abnormally elevated (table 9).

" TasLe IX

The Cher.ical Composition of the Livers of Patients wit.h Gascromtpstmal Cancer
Who Received Preoperatively 1.2 gm. of Inositol ]

Patient Hutologxr Appearance ‘Glycogen, ~ Teotal Lipid,
atien f Liver gm. percent . gm. per cent
R T Normal 495 . e 455
MOINL Normal 3.0 . 6.7
L T Normal 21 7.05. .
MM Normal 425 16,7
AW Normal 1.5 N 8.7
G e Normal 3.2 T 5.6
R Normal 3.6 .87
R Normal 3.6 ‘ 3.5
Average 3.28 4 6,94 v
“TaBLE X v
'1e Chemic a] Composition of the Livers of Patients with n G‘ash‘ombestmal
Disorders Who Received Preoperatively 1.2 gm. of e
- i : ; i ped Ww .
Hicogh Appeanace |- Gheogmy - | Tow Ll
F.Seiiiiiinianns. Normal ' '
WO oo Normal.
FS IO T, . - Normal -
M.A. Normal = *
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The same amounts of inositol also were administered preoperatively to
four patients with gastric ulcer. The average glycogen content of their
livers was found to be 3.08 gm. per cent and of hpld 8.12 gm. per cent (table
10). :
The significantly decreased concentration of fat in the livers of the pa-
tients fed inositol suggests that the lipotropic effect of lipocaic may be due to
its content of inositol. Experiments now are under way to ascertain the
effect on the hepatic lipid of inositol in amounts just equal to that contained
in the lipocaic administered, both when given alone and with choline.

Discussion

Previous studies have indicated that excessive lipid deposition in the livers
of experimental animals can be prevented by the administration of carbo-
hydrate * and of certain lipotropic factors.’® It was reasonable to assume;
therefore, that these measures also could reduce the lipid infiltration in the
livers of human beings. This assumption now has been borne out: by the
data presented. The preoperative administration of glucose was found
to exert a significant lipotropic effect on the liver fat of all patients studied,
even though it did not increase significantly the hepatic glycogen stores in the
patients with gastrointestinal tract cancer or with common bile duct obstruc-
tion. - However, there is considerable evidence that the mere presence of
hepatic glycogen stores does not necessarily afford protection to the liver nor
is it always associated with a decreased content of hepatic lipid. The liver
with a large store of glycogen but infiltrated with fat ordinarily is readily
susceptible to damage, whereas the liver with depleted glycogen stores but
with a low lipid content withstands the deleterious effect-of many hepato-
toxins. It would appear that it is the metabolism of carbohydrate which
provxdes the organ with its increased resistance.* e

- It is of considerable interest to note that the admxmstratwn of carbo-
hydrate to patients with benign gastrointestinal: disorders increased their
hepatic glycogen stores considerably more than it did those of patients with
gastrointestinal cancer or with bile duct abstruction.: Conceivably, . this
difference could be due to (@) a decreased ability .of patients with. gastro- -
intestinal cancer and bile duct obstruction (patientswith ‘ considerable-
hepatic dysfunction) to-absorb the administered ‘glucose ‘from their: ali-
mentary tracts, or (b) a decreased capacity of their livers to form or to store
glycogen. Data obtained from routine oral glucose tolerance curves do
not indicate that impaired absorption of carbohydrate from, the alimentary.

‘tracts of patients with gastrointestinal cancer or,obstructive biliary lesions
~would explain the abnormality.* On the other hand, it is known that these

patlents have a considerable degree of hepatic insufficiency ** and:that since it~

|is a function of the liver to synthesize and to store glycogen, probably that

function also has been damaged. The possibility should be entertained,
however, that the limited capacity of the livers of these individuals to lay
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Jdonn glycogen might be due to a derangement Bf those #ndacrine factors
concened with glycogenesis.®  +®°r o0 0 o0 L _ ST

Tt now appears that lipocaic exerts its lipotropic effect not only in experi-
inenrzl animals but also in human beings. Therefore, this material ‘should
prove useful in the preoperative preparation of patients with gastrointestinal
cancer in order to decrease the susceptibility:of theit livers to-the damage
ordinarily sustained from surgical manipulation, operative anesthesia, and
the necessary administration of those drugs detoxified by the liver. * < -

The-effect of the lipocaic apparently is not entirely due to its choline but
may be due to its inositol content. ' Experiments now are under way to
ascertain the lipotropic effects of (1) the.amount of inositol equal to that in
the 8 gm. dose of lipocaic, both when administered with and without choline,
(2) smaller amounts of lipocaic, and (3) various proteins and amino acids.
The results of these studies will be reported later. TR :

TOTE gt

TR
[

¢

 SuMMARY

1. The administration of glucose increased ‘the hepatic glycogen stores
signincantly only in the patients with benign gastrointestinal disorders.

2. The preoperative oral administration .of glucose to patients ‘with
gastrointestinal cancer, common -bile duct obstruction, and with benign
gastrointestinal lesions, ‘significantly decreased the concentration of fat in
their livers, , S

3. The administration of glucose did not affect significantly the con-
certration of hepatic protein in the three groups of patients studied.

4. The administration of lipocaic significantly decreased the content of
fat in the livers of patients with gastrointestinal cancer, This effect could
not be explained entirely by the choline content of the lipocaic, but may be
due to itz inositol content, . B e SR 8

. The ingestion of lipocaic did not affect significantly the concéntra-
tions of glycogen or protein in the livers of the three grotups ‘of patients
stud ol R

0. Tt is suggested that patients who frequently come to’ operation ' with -
Jett infltration of their livers (as do those with gdstrointéstinal~caﬁc¢rh and
bile duct clstruction) should be given preoperatively glurose and lipocaic in
orcer 1o restore toward normal their altered hepatic chemical’constitution;

Ly these means it might prove possible to increasé: the: resistance"of their
livers o damage by hepatotoxins. LI S S Y
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Metabolic Studies in Patients with Cancer of Gastro-Intestinal Tract.
XYV. Lipotropic Properties of Inositol.*

Juies C. ABeLs, Craupia W. KupeL, GEorGE T. Pack, anp C. P, RHoabs.
From ihe Memorial Hospital for the Treatment of Cancer and Allied Diseases, New York City.

Recent studies from this hospital have
demonstrated that the livers of patients with
gastro-intestinal cancer zlmost uniformly are
infiltrated with fat.! 1In contr#st to this
finding, normal fat contents were found in
the livers of 11 patients with carcinoma of
the gastro-intestinal tract who each received
8 g of lipocaict during the night prior to
laparotomy. The average hepatic fat concen-
tration of this latter group was only 0.46 that
of the control untreated patients.?

Lipocaic, however, is a crude mixture which
contains significantly large amounts of choline
and inositol,t both of which are lipotropic
alone.** In experimental animals, the lipo-
tropic effects of lipocaic apparently are not
due to its choline alone,® and this observation

* The authors gratefully acknowledge the support
of the National Cancer Institute,

t The lipocaie used in this investigation was sup-
plied through the courtesy of Eli Lilly & Co,,
Indianapolis, Ind., nnd the inositol through the
kindness of Lederle & Co., Pearl River, N.Y. The
conceniration of choline and of inositol in the
material used was found by analyses to be 2.6 and
3.5 ¢ % respectively. These analyses were made
by Dr. W. Wooley of the Rockefeller Institute for
Medieal Rescareh, New York City, and by the
Laboratories of the Stundard Braunds, Inc.,, New
York City, )

P Aricl, I. M., Abels, J. C.,, Marphy, 1I. T., I’ack,
GO and Rhoads, ¢, 1, dnn, Int. Med., in press.

2 Abels, J. C., Arie), 1. M., Murphy, 1I. T., Pack,
G T, and Rhaonds, C. P., Aun. Int. Med., in pross.
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has been confirmed here for human subjects.?
On the other hand, when about 4 times the
amount of inositol present in the 8 g of lipocaic
was administered to a group of 8 patients with
gastro-intestinal cancer, with but one excep-
tion the concentrations of fat in their livers
TABLE 1.
Concentration of Fat in Livers of Patients with

Gastro-intestinal Cancer Who Received Preopera-
tively 280 mg of Inositol.

Cone. of
hepatic fat,
gperld0g

Patient Disorder wet tissue
J.K. Carcinoma oesophagus 7.2
R.H. ’* stomach 8.7
0.8. ?? colon 7.1
M.S. »’  stomach 10.3
M.T. " colon 7.8
W.R. ’?  gtomach 5.7
H.J. 22 » 5.0
F.M. " o 15.9
G.M. ” ” 59 .
M.J. ) & 8.9

Avg 825

were found to be within normal limits. The
average lipid value was 0.42 that of the control
group.

Because it seemed probable then that the
inositol alone might account for the physio-

9 Best, €. H,, Ferguson, G. A, and Hershey,
J. M., J. Physiol., 1933, 79, 94,

4 Gavin, G., and McHenry, E. W., J. Biol. Chem.,
1941, 180, 485,

5 Dragstedt, L. R., J. Am. Med. Assn., 1940,
114, 29,

TABLE II.
Average Concentration of 1%t in the Livers of Patients with Gastro-intestinal Carcinoma Who

Were Fasted and of Those Given Various Dietary Supplements Preoperatively.

No. of patients Preoperative supplement

28 None
11 8 g lipocaic
7 3 g choline chloride
8 1200 mg inositol
1]

10 280

Avg conc of
hepatic fat,

% reduction of
hepatic lipid effected

g per 100 g wet tissue by supplement
16.4 —
8.0 51
11.2 39
6.9 58
8.2 50

logic effects of the lipocaic, anéther group of
10 patients with carcinoma of the gastro-
intestinal tract was given during the last 10
preoperative hours only that amount of inosi-
tol (280 mg) contained in the effective dose
of lipocaic. The clinical and chemical methods
used have been described in a preceding com-
munication of this series.! The results ob-

tained from the ingestion of the smaller
amounts of inositol indicate that in the pa-
tients studied, the lipotropic properties of the
lipocaic could be accounted for by its content
of inositol alone (Tables I and II). Of the
values of hepatic lipid, only one was signifi-
cantly elevated, and the average of the group
was only 0.50 that of the control group.
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THE UTILIZATION OF INOSITE IN THE DOG.*
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Station, Gencva, and the Ingtitute of Physiology, Universify
College, London.)

(Received for publication, May 6, 1916.)
INTRODUCTION.

In connection with the investigations.concerning the occurrence
and chemical propertics of phytin and inosite phosphoric acids!
and the physiological rdle of these substances, we have under-
taken a few experiments to determine the fate of inosite and its
utilization in the animal organism. The previous work on phytin

in this laboratory? concerned itself chiefly with the physiological

relation of the phytin phosphorus to the metabolism. In the
present paper' we deal with the organic radical, inosite, of the
phytin molecule.

The wide distribution of inosite in the vegetable and animal
kingdoms has led to many investigations concerning the physio-
logical function of this substance in the animal organism. Since
inosite was first discovered in muscle by Scherer® it has been
found in practically all the tissues and fluids of the body* and it

* Read before the Scetion of Biologieal Chemistry at the Urbana meet-
ing of the American Chemical Society, April 20, 1916. The experimental
work herein reported was carried out in the Institute of Physiology, Uni-
versity College, London. . '

1 Anderson, R. J., J. Biol. Chem., 1912, xi, 471; xii, 97, 447; 1912-13, xiii,

'311; 1914, xvii, 141, 161, 165, 171; xviii, 425, 441; 1915, xx, 463, 475, 483,
493; New York Agric. Exp. Station, Technical Bull., 19, 21, 22, 25, 1912;
32, 36, 1914; 40, 1015.

2 Jordan, W. H., Hart, E. B., and Patten, A. J., Am. J. Physiol., 1906,
xvi, 268; New Yeork Agric. Ezp. Station, Technical Bull., 1,1906. Rose,
A. R., New York' Agric. Exp. Station, Technical Bull., 20, 1912.

t Scherer, Ann. Chem., 1850, Ixxiii, 322. '

4 A review of the literature will be found in Jucobson, P., and Meyer, V.,
Lehrbueh organ. Chomn., 1902, ii, pt. i, 807,
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appeirs {o e a normal constifuent, of the urine®  In the
table Kingdom, inosite is also widely distributed, occurring free
in many plants and, particularly, conjugated with phosphoric
acid as phytin or inosite hexaphosphorie acid® in seeds, roots, o
tubers.

The carlier investigators” sought to establish some relation of
inogite to the embohydrates and to the elimination of sugnr in
diabetes,  Kiilz® in an extensive series of experiments examine]
both normal and diabetic subjeets. ‘
urine practically free from inosite, but from the urine of six
‘normal males after excessive drinking of beer or wine he ohtained
from 0.4 to 0.9 gm. of inosite. After feeding from 30 to 50 gin.
of inosite to normal individuals he was able to recover only from
0.2 to 0.5 gm. of inosite from the urine. In the case of dinhetics
the same quantity of inosite gave practically the same result and
there was no increase in the elimination of sugar. He thought
for this reason that inosite might be utilized in the diabetic
organism as a source of cnergy in place of sugar. By oxpori-
ments on rabbits he also showed that inosite did not give rise
to the formation of glycogen.

These studics were later continued by Mayer.® His results
confirm those reported by Kiilz concerning the non-formation of
glycogen from inosite. After feeding from 2 to 15 gm. of inosite
per os to rabbits, only small amounts, from 2 to 2.4 per cent of
the substance, were recovered from the urine.  When it was given
subcutancously, however, he found that from 26 to 51 per cent
of the inositc was eliminated unchanged in the urine. In addi-
tion to the inosite small quantitics of lactic acid!® were some-
times isolated from the urine after the inosite had been given
subeutancously.

Vege-

* Hoppe-Seyler’s Handb. Phys.~ u. Path.-Chem. Analyse, Berlin, 7th
edition, 1903, 220. Starkenstein, E., Z. exp. Path. u. Therap., 1908-09, v,
378.

¢ A review of literature is given by Rose, A. R., Biochem. Bull., 1912-13,
i, 21.

7 Sce Starkenstein,® for a review of the literature.

8 Kiilz, K., Sitzungsherichte Ges. z. Beford. ges. Naturwissen., Mar-
burg. 1876; Beitr. Path. u. Therap. Diabetes Mecllitus, 1874, i

 Mayer, P, Biochew. Z., 1907, ii, 393.

A ayer, Z., 1908, 1x, 534,

Hiuchem.

He found normal humuan

aurine was colleeted quite clear.
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Results very similar to the above were reported about {hie
same thine by Rtarkenstein® - About 5 per ecent of the inosite given

pero0s Lo rabbits was recovered in the urine. When the sub-
stance wus injeeted subeutuncously about 42 per eent and after
ifravenous injeetions about 50 per cent of the inosite was elimi-
nated in the urine. This author concludes that inosite is a normal
cell constituent; that it is only slightly “oxidized in the hody
beeause a large percentage of it is eliminated unchanged in the
urine after heing given in subcutancous or intravenous injections,
and that disappearance of inosite given per os is not permissible
as proof of ils being oxidized by the body since it may be de-
stroved by bacteria in the intestine,

It is evident from the work which has been done on this sub-
ject that nosite given per os is cither largely destroyed by bae-
teria in the intestine or else it is stored or oxidized in the body,
because very small anounts of it are climinated in the urine.
In the hope of throwing further light upon the fate of inosite in
the animal organism we have earried out some respiration experi-
ments with a dog which, in a fasting condition, was fed inosite
per os just previous to being placed in the respiration apparatus.
If inosite were oxidized in the body in the same manner as the
carbohydrates or dextrose, for instance, then a rise in the respira-
tory quoticnt should be observed. The expceriments have shown,
however, that there was no appreciable rise in the respiratory
quotient after giving 10 gm. of inosite. It is evident, therefore,
that irosite is not oxidized in the dog in the manner of dextrose,
and if oxidation or other changes take placc they do so slowly
and in such a way as not to affect the respiratory quotient during
the first 2 hours following its ingestion.

It was observed, about 2 or 3 hours after the inosite had been
given, that considerable diarrhea set in. Unfortunately it was
not possible to separate the urine and the liquid excreta; these
were therefore examined together. In one case; however, the
liquid feces were voided outside of the metabolism cage and the
When this clear urine was ex-
amined it was found to contain but 0.4 gm. of inosite. This
shows, as in the ease of man reported by Kiilz8 and rabbits
reported by Mayer® and Starkenstein,® (hat but small ainounts
of inosite are elirdinated through the kidneys of the dog. When
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the urine was ixed with Tigquid feees, however, very large quan-
tities ol inosite were obtained, and in one case as much ax 77 per
cent of the amount given was recovered from the mixed exereta.

EXPIERIMENTAL,

The inosite used in this work was prepared from erude plivtiy
by hydrolyzing this substance with ditute sulfuric aeid in an
autoclave. It was carefully purified by repeated recrystalliza-
tion from water. The snow-white product finally obtained was
frec from ash and melted at 220° (uncorrected).

A small hitch weighing 5,700 gm. was selected for these experi-
ments and trained for use in the respiration apparatus. The
animal was kept in a metabolism cage and fed onee a day, in the
evening, on cooked meat and dog biscuit, but during the period
when inosite was given meat was the sole food.

The Benedict respiration apparatus deseribed by Moorhouse,
Patterson, and Stephenson was used. The carbon dioxide and
oxygen measurements were made as there deseribed, and for
particulars we refer to the above paper.

The animal was fed ahout 5 p.m., and the respiration observa-
tions were made about 18 hours afterwards. The quotients in
this fasting condition are given in Table I.  The figurcs obtained
lie within the limits usually observed under these conditions.

TABLE 1.

Fasting Respiratory Quotients.

Date. Length ! CQO» 02 R. Q.

of period. ipcr wipute. per minute. temarks.
min, cc. e
Feb. 11 42° 40.35 54.61 0.739 Jsual movements.
“12 G4 44 .62 58.65 0.760 | Somewhat restless.
“ 15 58 42.03 55.72 0.754 « “
“ oM 46 35.95 45.65 0.787 | Very quict.

The inosite was given dissolved in nbout 70 ce. of warm water.
This solution was taken at first just as readily as one of glucose,

WA oorhouze, Vo 1L K, Patterson, 8.W and Steplenson, M., Biochiin.
J., 1015, i, 176, :
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bat after aowhile the inasite sointion wa s aheohitely refised and

it had (o be given by the stonuich tnhe, A fow minutes after the
iosite had been given the anbnal was placed in the respiration

apparatus, and the observation periods vavied from 12 to about

31 BT .- . . . R -

2 howrs. 1o will be noticed by referring to the figures in Table

IT that the respiratory quoticnts during these periods are glichtly
TARLI L.

Fexpivatory Quotionts aficr Giving 10 Gad. of Trosilc.

. Tength CO: 4
Date of ;52?2\1*‘1- PEL aninuic. ’ per Iuoi“uuto. Q. Remarks.
D min. o cc. ’ cc. o -
Febh. 11 90 45.18 .67.73 0.782 Restless.
“o12 126 44.72 56.50 0.791 «
“ 15 123 41.13 56.50 0.780 “«
“ 17 111 43.38 55.08 0.747 “

higher than these in the fasting condition (Table I). The differ-
cnce is very slight, however, and it is doubtful if the small rise
in the respiratory quotient is due to oxidation of the inosite.
The animal showed signs of discomfort during the inosite periods
and was more or less restless, consequently the oxygen measure-
ment was more difficult. Diarrhea usually set in a short time
after the animal was removed from the respiration apparatus.
For comparison with the quotients tabulated above some fig-
ures after feeding glucose are given in Table III. 7

TABLE II1.
Respiratory Quoticnts after Fecding Glucose.

., . . Length CO o,
I’ate. Glucose. of pgriod. per mixiute. per mi!nute. R. Q. Remarks.
Q. min. cc. cc.
I'eb. 9 20 63 59.77 60.84 0.9S2 | Restless.
“ 18 10 78 - 65.20 66.02 0.989 “

In Table IV are given the ainounts of inosite! recovered from
the urine and liquid feces. T this conneetion it must be stated
that only the liquid portion of the exercta which collected mn the
bottle underneath the mefabolisin ciage was analyzed for inositoe.

T he mostie was isolnted by the method of P, Maver.
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TABLE 1IvV.

Inosite Recovered from Urine and Ligquid Feces.

g

Experiment. | Inosite given. Inosite recovered. Remarks
gne. qm. rercent

1 10 0.40 4.0 - Urine clear.

2 10 4.00 40.0 “  plus feces.

3 10 1.27 12.7 « “ “

4 10 2.25 22.5 “« @ u

5 10 6.30 63.0 «“ “ “

6 10 7.70 77.0 . “ « “
;i‘;dgy} None. [* 0.20 “  clear.
3rd “ “ Trace. “. “

The variation in the amounts of inosite recovered in the first
four experiments is due no doubt to the fact that in these periods
the dog was used for the respiration observations and shortly
after being removed from the respiration apparatus diarrhea set
in and these liquid stools were lost. During the fifth and sixth
experiments, however, the dog was kept in the metabolism cage
the whole time and all the liquid feces and the urine were collected
together.

After the sixth experiment the cleal urine was collected for the
next 3 days, and analyzed for inosite. By referring to the table
it will be noticed that the combined urine of the 1st and 2nd days
contained only 0.2 gm. of inosite while on the 3rd day a mere
trace was obtained. This shows that practically all the inosite
given is eliminated within 24 hours; evidently, therefore, either
none or very little of it can be stored in the body.

Since the clear urine (Table IV) contained little and the urine
plus liquid feces contained much inosite, it would seem that by
far the greater portion of the substance was not absorbed but
that it was eliminated through the bowel. In order to determine
to what extent inosite is absorbed in the intestine the following
experiment was made. A section about 2 feet long of the small
intestine of a dog was exposed'® and washed out with physiological

" salt solution. One end was ligatured, a solution of 3 gm. of

inosite in 50 ce. of warm water was introduced, and the other

B The operation was performed by Professor E, 11 Starling.
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end way also ligntured.  The whole was replaced in the abdomi-
nal cavity, the incision loosely closed, and the animal kept under
chloroform for 2 hours. On removing the section of the bowel it

*was quite distended and contained 90 cc. of liquid. From this

liquid 2.95 gm. of inosite were isolated; 4.e., the substance was
recovered practically quantitatively.

CONCLUSIONS.

Inosite is not utilized to any extent by the dog. It is not stored
or oxidized in the body but the greater portion of it is excreted
unchanged. When given at the rate of 2 gm. per kg. of body
weight it does not cause a rise in the iespilatory quotient.

As much as 77 per cent of the amount given may be recovered
from the excreta.

Inosite is absorbed very slowly from the intestine, hence it
causes a more or less severe diarrhea. As a result it is largely
climinated with the feces and only a small portion is excreted by
the kidneys. -

The author acknowledges his indebtedness to Professer E. H.
Starling for help and advice in carrying out the above e periments,
and to Dr. V. H. K. Moorhouse for assistance in usmg the respira-
tion apparatus.
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THE UTILIZATION OF INOSITE IN THE ANIMAL
ORGANISM. THE EFFECT OF INOSITE
UPON THE METABOLISM OF MAN.*

By R. J. ANDERSON anp A. W. BOSWORTH.

(From the Chemical Laboratory of the New York Agricullural Experiment
" Station, Geneva.)

(Received for publication, May 6, 19186.)

 INTRODUCTION.

The objects of ‘thish‘investigation were to determine whether
the ingestion of inosite has any noticeable influence upon the
metabolism of man measurable in terms-of the nitrogen and phos-
phorus excretion, and also the fate of inosite in the human body
and its channels of elimination. - ‘ -

It has been shown by one of us! that inosite is not utilized to ‘»

_ any extent by the dog, that it acts as a strong purgative, and
i that the greater portion is eliminated unchanged through the
howel.

That inosite causes more or less severe diarrhea in both man ;
and animals when given in large quantities has been observed |
previously by Kiilz? who thought that the diarrhea was caused
by the transformation of the inosite into lactic acid in the intes-
tine. In normal or diabetic human subjects from 30 to 50 gm.
of inosite per day caused considerable diarrhea and only from 0.2
to 0.5 gm. of the inositc was recovered from the urine. This 1
author does not report the examination of the feces of his subjects
for inosite. In the case of rabbits the above author found that
inosite caused diarrhea and only small quantities of the substance (
were recovered from the urine,  Results very similar to the above

* Read before the Section of Biological Chemistry at the Urbana meeting
of the Amcerican Chemieal Society, April 2@ 1916.
! Anderson, R. )., J. Biol. Chem., 1916, xxv, 391.
* Kiilg, Is,, Sitzungsberichte Ges. z. Beford. ges. Naturwissen., Marburg,
1R76.
309
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have heen reported by M:lyér” and Stwrkenstein® who hoth gy
rabbits as subjects. :

Of the previous investigations coneerning the physiologica! 10l
of inosite in man those of Kiilz? are probably the most thorougl -
he had an unusually large quantity of inosite at his disposal for
experimental purposes, having prepared about a pound of it fro,
green beans. The high price and the small available quantitic
of inosite have presented difficultios in carrying out investigniions
with this substance. For the present work we prepared sever:
hundred grams of pure inosite as described on page 394,

Our results confirm those of previous investigators that inosiie
given per os disappears and only small quantities are eliminited
in theurine.  Kiilz? recovered only about 0.9 per cent of the inosite
given from the urine of human subjects. Our figures, however,
arc about ten times greater; i.e., we recovered from the urine
nearly 9 per cent of the ingested inosite. Careful examinafion
of the feces was made but we failed to obtain a trace of inositc.
Consequently the urine is the only channel of climination of
inosite in man.

In what manner the balance, about 91 per cent, of the inositc
1s utilized or destroyed is uncertain. It has been shown by the
investigations of Meillére® and also by Starkenstein,* that inosite
is destroyed by the colon bacillus. It has also been shown by
Hilger® and Vohl” that inosite is transformed into lactic acid by
the bacteria found in putrid cheese. Experiments by Starken-
stein* indicate that inosite is destroyed by autolytic ferments of
muscles and the liver with the simultancous inecrease of lactic
acid.

Our results do not show whether the inosite was destroyed by
bacteria in the intestine or underwent oxidation in the body. I
the inosite was changed into lactic acid it is evident that only
traces of it were excreted as such, because there was no appie-
ciable increase of ammonia in the urine (Table I11). At pre=ent
we can only record the fact that of the inosite given only about
9 per eent escaped destruction and was recovered from the urinse

* Maycer, P., Biochem. Z., 1907, ii, 303.

4 Starkenstein, ., Z. cxp. Path. w. Therap., 190800, v, 378.
¢ Meillere, G, Compt. rend. Soc. biol., 1007, Ixii, 1006.

¢ Hilger, Aun. Chem., 1871, elx, 333.

TVohl, I1., Ber. chem, Ges,, 1870, ix, 984.
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I i evident from the data presented o the experimental part
i, eseepd for the mereased exeretion of erestinine in the after-
ponind, the Ingestion of inosite at the rate of about 0.5 g, per
Ly of body welght has no appreciable influence upon the metabo-
oo of man.

EXPERIMENTAL,

To determine the channels of elimination of inosite in man we
carried out the following preliminary experiment.  One of us (B.)
pecived 50 gme of inosite dissolved in water in three equal por-
ions during the day.  The following nworning a solution of 10
via. of inosite was given.  About 4 hours after the first 10 gm.
of mosite were taken a very loose watery stool was passed and
during the 24 hours there were three more very watery stools.
The scecond day the stools were almost of normal counsistency.
Daring the first and sccond days the subject complained of an
uncasy or uncomfortable feeling and of a peculiar sensation in
the chest and abdominal muscles. This feeling disappeared
towards the end of the 3rd day and on the 4th day he felt normal
apain., : ) :

The urine and feces were collected in 24 hour periods and
examined for inosite. For the isolation of the inosite we used
the method of Mayer® which is briefly as follows: The urine was
eviporated to about one-fourth of its volume and precipitated
with excess of lead acetate. After standing a short while the
precipitate was filtered off on a’Buchner funnel and washed with
water. . The filtrate was heated to boiling and precipitated with
exeess of basic lead acetate and finally rendered strongly alkaline
with concentrated ammonia. After standing for 24 hours the
precipitate was filtered on a Buchner funnel and washed with
®ater. It was then suspended in water and decomposed with
bydrogen sulfide.  After removing the lead sulfide, the filtrate
Wi evaporated on the water bath almost to dryness. The resi-
due was taken up in a little hot water, decolorized with animal
“harcoal, again evaporated to small bulk, transferred to an Erlen-
mever flask, and brought to crystallization by the addition of

Lot ten volumes of absolufe aleohol. After the greater portion
“f the inosite had erystallized out cther was added until the
“hion turned cloudy and the whole was allowed to stand in
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the ice box over night. The ervstals were then filtered off,
washed with aleohol and ether, dried in the air, wnd weighed.
The feees were examived as follows: The fresh material was
stirred up with water until of uniform consisteney.  Lead acetate
was then added and after standing for some time it was filfcred
and washed. The filtrate was cvaporated, precipitated with
basic lead acctate, cte., as mentioned above.
The amount of inosite recovered in the exereta is given in Talle

1.
TABLE 1.
Day. Tnosite given. Tnosite recovered from the urine. If';oofnnct;lﬁp?(‘éfd
o gn. gm. per cent
1 30 2.6 8.66 None.
10 1.1 11.00 _ “
3 " None. Trace. o

The results show that in man a small quantity of the ingested
inosite is eliminated in the urine and that the feces contain none;
also that it is either absorbed and oxidized in the body or clse
destroyed in the intestine, and that the excretion of unchanged
mosite is complete in 24 hours, because on the 3rd day the urine

“contained only a trace of the substance.  We find that the quan-
tity of inosite exercted by the kidneys is about ten times greater
than found by Kiilz. This is probably due to the improved
method of isolating the substancé. )

In a second more extensive experiment we have sought to dis-
coverif the ingestion of inosite produced any change or disturbance
in the metabolism. TFor this purpose we selected a period of 8
days during which the food of the subject (B.) was carefully regt-
lated.  Unfortunately we failed to maintain any control of the
food intake during the days following the actual experiment or
atter-period.  The results are vitiated also by the fact that the
period over which our experiment extended was not of suﬁi('%v::'
length to bring the subjeet to a condition of nitrogen cquilibriur:
and that we analyzed only one sample of each article of food.
Since it was a liberal and mixed diet: eonsisting of meat, e+
milk, potatoes, Tiread, ete., it is probable that the actual intahe
during the whaole period was different. from what we figurml‘fh-‘”
the reenlt-of ane analysis. Despite these drawhacks we feel jet-
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fee e publishing briefly tie results obtained heeniise {hese results
are negative; e owr obsenvations hive fniled o reveal any
noteworthy or striking change in the general metabolisn as a
result of the ngestion of inosite.

During this scecond exporiment whieh was begun a few months
after the one reported above, we began (he inosite period by
civing only 15 gin, of the sulistance (he st day. On the 2nd
and subsequent davs 30 gni. of inosile were given.  In this way
the uncomfortable disrrhea was avoided.  The stools were more
Frequent and softer than usual, hut towards the end of the period
they were nearly of normal conzisteney.  There were no feclings
of discomfort, in fact the subjeet felt practieally normal through-
ont the experiment, performing his laboratory work in the usual
nmanner., : ,

The total nitrogen and phosphorus balance, with the caution
mentioned above, i given in Table I, The difficulty of bringing
min to & nitrogen equilibrium and the fact that the diet gave a
nitrogen intake quite a little below the usual average daily intake
of the suibject makes the minus nitrogen and phosphorus balance
Fave no speelal significance.

TABLE II.
Total Nitrogen and Phosphorus Balance.

b Preliminary period. Inosite period.
ny.
1 2 3 4 5 6 7 8.
gm. gm. om. om. gm. gm. gm. gm.
Nitrogen
intake. .. .[15.254 {15.483 |11.781 [12.131 12.880 |11.355 {11.151 |11.249
Nitrogen ‘
excretion.|15.018 {13.602 [14.233 {12.667 113.943 |11.682 13.147 [11.821
I'hosphorus ) ’
intake....! 1.832 | 1.708 | 1.362 | 1.384 1.592 1 1.318 | 1.323 | 1.330
Phosphorus _
exeretion.| 2.1267) 1.6626] 1.86S8| 1.5634] 1.8469 1.4029] 1.5119] 1.4680

Cogm. gm.

Fotal nitrogen intake, preliminary period, 54.649; inosite period, 46.635
£

A excretion, ¢ “  55.520; @« “ 50.593
Minus nitrogen halance, 0.871; 3.958

“ phosphorus intake, preliminary period, 6.280; inosite period, 5.563
“ “ exeretion, ¢ “ 7.2215; 0« “ 6.22097
Minux phosphorus balance, 0.9355; « ‘“ G.6667
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Figures covering the elhuination of nitrogen in the urine e
tabulated in Table JII. There was a considerable rise in the
creatinine output which began on the last day of the inosite
period and extended through the whole of the after-period, the
first 2 days of the after-period showing a marked increase in cre-
atinine elimnination. During the after-period the subjeet ate the
sanic dict as during the rest of the experiment but the food wia
not accurately weighed.  In view of this fact, the increased ere-
atinine output during the after-period would seem to be an
important obscrvation and a matier worthy of further study.

The uric acid, creatinine, and ammonia were determined by,

the Folin methods.
© TABLE 1L
Analysis of the Urine. Nitrogen Elimination.
Preliminary Period.

DAY .o eere e e 1 2 3 4

Volume of urine, ce........... 1,420 1,480 1,170 710
Specific gravity............... 1.019 1.015 1.020 1.02%
Total nitrogen, gm............ 12.908 12.802 12.273 11.204
Uric acid, gm................. 0.636 0.658 0.585 0.516
Creatinine, gm................ 1.198 1.199 1.050 1.150
Ammonia nitrogen, gm........ 0.965 0.864 0.959 0.899

IIBY  eireviiiii i e 5 8 7 . 8

Volume of urine, ce........... 770 810 1,450 - 900
Specific gravity............... 1.026 1.026 1.016 1.022
Total nitrogen, gm............ 11.504 9.014 11.296 9.234
Uric acid, gm................. 0.550 0.463 0.520 0.692
Creatinine, gm................ 1.299 | . 1.010 1.068 1.4148
Ammonia nitrogen, gm........ 1.089 0.868 1.125 0.918

After-Period.

DAY - eeee e e 9 - 10 i 12

Volume of urine, cc........... 1,175 1,390 1,550 1,04
Specific gravity............... 1.022 1.022 1.016 1.02%
Total nitrogen, gm............ 12.009 13.232 8.680 g8
Uric acid, gm... ... 0.628 0.731 0.620 0.767
Creatinine, gm... .......... e 1.729 2.183 1.141 158520

Amnnohin nitrogen, gm..... . 0.940 0.970 0.639 b
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The pbosphiorus elimination in the wine s recorded in Pable
IV. The total phosphorus was determined after destroying the
organic matter by the Neumann method.  The inorganie phos-
phorus is that quantity which was directly precipitated by am-
monium molybdate after acidifying the urine with nitrie acid and
adding ammoninm nitrate, The orgavie phosphorus was found
by difference. Tt will he noticed by referring {o the table that
the organic phosphorus varied from 0 to 0.0178 gm. with an
average of 0.0102 gm. per day.  This agrees with the average
quantity of organie phosphorus usually found in normal urine.®

TABLE IV.
Elimination of Phosphorus in the Urine.

Preliminary Period.

Day. - 1 2 3 3
Yolume of urine, cc. 1,420 1,480 1,170 710
percent] gm. per ccnt‘ gm. per cenf] gm. per cent| gm.

Total phosphorus. . . [0.0835{1.1857 0.0843!1 .2476/|0.0946{1.1068/0.1433{1.0174
Inorganic phos-
phorus............ O.OSQGII .1729:0.083111.2298!0.0946{1 . 10680 .1413/1.0032

Organic phosphorus.‘0.0000i0.0128 0.0012!0,0178 0 0 10.0020{0.0142
| :

Inosite Period.

Day. 5 6 7 8

Volume of urine, cc. 770 810 1,450 ] 900

per cent] gm. per cent| gm. percent] gm. per cent] gm.
"Total phosphorus. . .[0.1370]1.0519:0.1174{0.9509/0.0742/1.0759/0. 1030{0.9270
Inorganic phos-
phorus............ 0.1358(1.04560. 1165{0.9436,0.0738{1.0701/0.1014]0.9126
Organic phosphorus. |0.0012]0.0093:0.0009(0.0073{0.0004/0.0058,0.0016 0.0144

The amount of nitrogen and phosphorus excreted in the feces
is given in Table V. A notable rise in the nitrogen excretion is
observed during the inosite period. This was no doubt due to
the more frequent stools and consequent less complete absorption
in the intestine. Since it was shown in the preliminary experi-

s For 4 review of the literature see Forbes, . B and Keith, M, 1.,
(i Agrie. Exp. Station, Technical Bull., 5, 1014, 190,
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TABLE V.

Nitroyen and Plhospliorus Excrelion in the Feces.

l Preliminary. period, I Inosite period.
Day. ! — i_”’ - e e
1 2 3 1 4 I 5 6 7 8
I I B A
Nitrogen, gm. ... . ’ ‘_’,IIU} O.S00 19600 1,463 2.»13{1} 147(5‘~'i ].v\,")li 3 08T
TPhosphorus, g_{m.....i U.f)ﬂi 0,41-’—75 0.7(32‘ ().-34(3i 0.79;’% 0 45‘3] (‘.-136‘ 0511

ment that inosite was climinated only in the urine the feees were
not cxamined this time for this substance.

In Table VI the daily intake of inosite and the quantitics recov-

ered from the urine are recorded. "The same method of isolation
~ was used as before.  The inosite was exereted in about the same
proportion as in the preliminary experiment. The total intake
amounted to 105 gm. of inosite and only about 9 gm. were recov-
ered. The balance, 96 gin., was either oxidized in the body or
destroyed by bacteria in the intestine. Evidently the inosite
could not have been stored in the body because the elimination
ceascs with the intake.

TABLE VI

Inosile Intake and Ezcrelion.

Day. 5 6 7 .8 g 10 11 12

Volume of

urine, ec....| 770 | 810 | 1,450 900 {1,175 | 1,390 | 1,550 | 1,070
Inosite intake,

gm.......... 15 30 30 30 None.{ None. | None. | None.
Inosite excre- ,

tion, gm....1 0.38 | 2.5 (3.19 | 2.5 | 0.47 | Trace. | Trace. | Trace.

Total intuke, 105 gm. of inosite.
Inosite recovered, 9.04 gm. or 8.6 per cent.

SUMMARY. -

When inosite is taken at the rate of about 0.5 gm. per kg. of
body weight per day it produces some diarrhea at first or frequent
soft stools.  After a few days the stools, although more frequent
than usual, are nearly of normal consistency.

R. J. Anderson and A. W. Bosworlh 407

Exeept for the inereased exeretion of ereatinine in the affer-
peviod, for whiclh we can now offer no explination, we find that
the ingestion of inosite has no marked or appreciable effeet npon
the gencral metabolism of man.

About 9 per cent of the inosite taken per os is eliminated un-
changed in the urine, but none in the feees.  In what manner {he
badisice, o about 91 pev cont, of the inosite i3 utilized we have
not been able to deterine.
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METABOLIC STUDIES IN PATIENTS WITH CANCER
OF THE GASTROINTESTINAL TRACT. VIII. THE
CHEMICAL COMPOSITION OF THE LIVER,
ESPECIALLY IN PATIENTS WITH

GASTROINTESTINAL CANCER* -

By Irving M. Arier, M.D.,} JuLres C Asers, M.D.,f HeLex T. MURPHY
Pu.D., GeorGe T. Pack, M.D,, and C. P. Ruoaps, M. D F.ACP,
New York N.Y.

INTRODUCTION

Previous studies from this hospital have demonstrated that patients with
gastrointestinal cancer frequently have several abnormalities of hepatic
{unction®* The existence of these disorders appears to be due to the
picsence of the neoplasm, for when it is removed the functional capacity of
the liver improves.?  The occurrence of hepatic insufficiency in these patients
seldlom has been found to be associated with those morphological alterations
cof the liver ®* commonly observed in patients who suﬁer from chromc alco-
holism or cirrhosis.*

The possibility existed that even though the livers of patients with
castrointestinzl tract cancer were morphologically intact, their chemical
comnr m‘tlous mmight be abnormal. If this were the case it might be of clinical
i -ance, since it would provide a possible explanation for the hepatic

ey shown by these patients, and would suggest an effective method
"4 trcatment of this insufficiency. The last possibility is based upon
oo inct it the administration of certain dietary constituents to experi-
meniu! animals with livers which contain abnormal amounts of fat and glyco-
gen has been followed by a return of those organs to a normal chemical
stite ar.d incrzased {unctional capacity.®

it chumical composition of the livers of patients w:th cancer ‘'of the
grtreiitesinal tract has been studied and the effects of the administration
~i diziiry factors observed. The results of these studxes form the sub;ect of
this on lth subscquent communication.

A
-

MATERIAL L

Liver livnsies were obtained from ome test a.nd two control groups of,,
paticits. ‘Lhe test group consisted of 18 patients with gastrointestinal
ceneer.  Of these, one had carcinoma of the termmal esophagus, 15 of tlw

.....

» Reacived for publication June 9, 1943, : '
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stomach, and two of the colon. Three patients had extension of the tumor
to the liver. :

The first control group comprised four patients: one with carcinoma of
the head of the pancreas, one with toxic hepatitis, and two with chronic
cholecystitis with impacted calculi in the common bile duct. This group was
studied because their disorders are commonly associated with marked
hepatic insufficiency and morphologic damage.® ®

The second control group consisted of four patients who were operated
upon for non-neoplastic lesions of the gastrointestinal tract. One had
gastritis, two gastric ulcer, and one multiple duodenal ulcers. None suffered
from pyloric stenosis. Patients with the disorders included in this group do
not show any significant degree of hepatic dysfunction. '

In all the diagnoses were confirmed by microscopic examination of the
biopsied lesions.

MEerHODS

A. Clinical: All of the 26 patients studied were hospitalized for from
three to eight days before they were operated upon. They were given daily
at least 2500 ml. fluid and a diet of from 2,000 to 3,000 calories. The ratio
of carbohydrate: fat: protein in their diet was 5:1: 1. Only clear fluids
were given during the evening meal on the day before operation, and nothing
thereafter. None received glucose or saline preoperatively. :

" Spinal anesthesia was used in all instances. The liver biopsies for chemi-
cal and microscopic study were obtained as soon as the peritoneal cavity was
exposed. Specimens which weighed from 0.8 to 1.5 gm. were removed from
the liver edge. Bleeding was controlled easily by the approximation of the
cut surfaces by silk mattress sutures. As soon as the tissue was excised’
the fibrous capsule was removed and the remaining tissue was given to a
laboratory assistant in the operating room. - This was rapidly blotted and
about 0.3 gm. placed in warm 30 per cent KOH for the glycogen determina-
tion. About 0.5 gm. was placed in a tared weighing bottle, weighed, and
used for the determination of nitrogen and lipid. A small portion was fixed
in formalin for histological study. - e ~ S

B. Chemical: 1. The glycogen was determined by the method of Good,
Kraemer and Somogyi* as modified by Nutter.®  The sugar content in
aliquots of the hydrolysate was measured by the Shaffer and Somogyi
technic.? R S -

2. The protein and non-protein nitrogen fractions of the liver tissue were
determined in fine aqueous suspensions. These were prepared by grinding
about 300 mg. of the tissue with 10 ml. of water in an all glass homogenizer.
The separation of the “protein” * and non-protein nitrogen fractions of this
suspension was effected by the method o Robinson, Price, and Hogden.*

_‘ *It must be emphasized that the hepatic_albumin and globulin fractions as presented
in this study represent only those proteins which can be separated by precipitation with 22
per cent Na,SO, at 37° C.” This does not imply, therefore, that these protein fractions exist

in the liver nor are théy. identical with serum albumin or globulin.
T e b s S F s
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The liver total hpld was ddtermmcd by the techinic of Van Slyke ¢ et alt
't 'u protein concentration in the serum was ascertamed by themethod

T -
Lo et al. Y . ;, St e

REsuLTs

T-results of this study will be presented in three sections: Those which
¢ual with the hepatic content of glycogen, of fat, and of protein. -

Glycogen: The glycogen content of normal human livers probably is

Mt known, for most analyses have been made on postmortem material. The

re-n; *onal state probably alters the chemical composition of liver tissue,

Th« postmortem glycogen levels in the liver tissue of normal individuals who
died suddenly are reported to range from 2 to 8 gm. per cent.**®* The
values during life probably are somewhat higher. Although some measure-
ni..ris of glycogen have been made on liver tissue obtained at laparotomy,*® '
the patients were subject to disorders associated with hepatic dysfunction.

in the 18 patients studied with gastrointestinal cancer the glycogen con-
tent ranged from 1.0 to 8.3 gm., and averaged 2.91 gm. per cent. In the
tirst ¢omirol group, that of patients with hepatic dysfunction due to toxic
Lopatiiis or biliary tract obstruction, the liver glycogen ranged from 1.3 to
Z.1 gm. and averaged 2.62 gm. per cent, These values are probably abnor-
mally low and are in good agreement with those reported by Goldschmidt
€ alt ** for patients with liver damage. The four patients with benign lesions
“z alimentary tract who form the second control group were found to
from 1.3 to 3.6 gm. of hepatic glycogen with an average of 2.28 gm. per
cer:t. These patients were not found to have any hepatic .dysfunction, nor
were their livers morphologically abnormal. It appears either that the av-
e~z ‘e value of 2.28 gm. per cent hepatic glycogen found in the patients with
heznils lesions is the amount present in the normal human liver, or that
bonizy gestrointestinal disease is associated with abnormally low concen-
Tat s,

Tt s possille that the usna! 10 hour predperative‘fast decréésed the glyco-

-+

 mooomsin the ivers of all the patients studied.  Probably more. revealing
© irewi'z information could be- obtained by the measurement of hepatic
£y m adner the patients had received preoperatively large amounts of
£ =773 By these measurements an index of the ability of these patients

te foboicate and store glycogen in the liver could be determined. - Data of.
i’s vour: now have been obtained and are included m the subsequent
rrvre s il 19 . “ .

B. Tt The vormal fat content of hunan livers is not deﬁmtely known
Vel of fron 2.4 to 8.5 gm. per cent lipid have been found*. in the livers:
of r v-;;i;zl inividuals who were autopsied within several hours after death
as o reonli of trauma. Although the hepatic content, of fat probably does
nst change signi ﬁcantly within so short a time after exmll, it; ts adm1ttea g

AR
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that the pre—agonél state may alter the content of fat as well as that of
other constituents. : .

The average concentration of total lipid in the livers of the 18 patients
with gastrointestinal cancer was 17.43 gm. per cent, and the range from 5.3
to 35.0 gm. per cent. Of the 18 values, 16 were higher than the highest
“normal” value of 8.5 gm. per cent.® Thus, the livers of patients with
gastrointestinal cancer frequently are infiltrated with fat, even though
microscopic examination of the liver tissue fails to suggest that abnormality
(when prepared by routine methods not specifically designed to demonstrate
fat). .

The lipid contents of the livers of patients with gastrointestinal cancer
were as great as those of the patients in the first control group, those with
carcinoma of the head of the pancreas, toxic hepatitis, or impacted calculus
in the common bile duct. The values ranged from 11.5 to 26.6 gm. and
averaged 17.47 gm. per cent.

The average fat content of the livers of four patients with benign gastro-
intestinal lesions, .the second control group, was 11.82 gm. per cent, and
ranged from 6.2 to 17.0 gm. per cent. Although these values are sig-
nificantly lower than those of the other two groups of patients studied, they
still are higher than those reported for nofmal livers procured at autopsy.
These observations would suggest, that either the fat content of the “normal”’
liver decreases soon after death, or that the lipid content in the livers of
patients with benign gastrointestinal lesions is- somewhat increased over
normal. :

" TaBLE 1 :
The Chemical Composition of Livers of Patients with:Cancer of the Gastrointestinal Tract
Histologic Glycogen, Total Total *Albumin,” | **Globulin,” Serum
Patient ’ppunnee gm. Lipid, Protein, gm, © gm. Protein,
of the Liver per cent gm. per cent | gm, per cent per cent per cent ..] gm. per cent
S. B. Normal 13 12.5 : ) . i
F.B. Normal 3.6 22.0 ’ B Co
A. B. Moderate 1.9 240 | 147 10 39 108 .| 6.6
fatty in- S s ; g
filtration _ S . -
H.D Normal 1.9 159 - 176 . . 6.7 10.9 7.3
P.F. Normal - 1.0 148 172 - | 51 12.1" 7.2
T. G. Normal 1.45 12.1 15.9 5.8 10.1 = 6.8
S.H. |  Normal 1.8 5.3 : . . FAE R
A.H.| Normal - 22 13.0 w © o
W.J. Normal - 2.7 8.55 158" & -85 '10.3 N i
M. P. Normal - 1.4 2714 .16.0 8.05 197 5.9
L. R. Normal 4.0 9.5 17.95 4.6 "13:35 71
L.s. Normal 2.0 6.9 16.2 5.8 “10.4 4.2
J.S. ;- Normal 58 24.1 i
J.T. Normal - 8.3 14.8 17.8 3.2 14.6 6.7
J.T. §* Moderate 24 29.0. ; -
- %ﬂltty én‘ ’ - [ i
tration : :
V.E |, NormaL, | - 13 224 3 74 .
S, W, | Normal 2.1 © 350 - 6.
E. Y. 4. Normat - | 7.3 . 169 ¥
wous Awerage.’,, ... L., 291 | . 17.43 TR
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Tamell, ot *
fre «.hemml Composition of Livers of Patients with Conuderable Hepo.uc Dysfuaction

Histologic | Glvcogen, | Totnl | Total Pro- |“Albumin,”|“Globulin,”| Serum Pro.

Fat ‘hzl Disense Appearance . Lipid, gm. | tein, gm. m. . tein, gm.
of the Liver p::nt percent. | parcent | perceut | per cent per cent

N R Taparced | Modemwe | 25 | 266

t coteulus fatty

> - (L -

{ *n_common, infiltration | - ‘
i bile duct : - N . N
I.R. |Imnacted | Normal 13 | 133 .
calcutus -
in common! | : L
tile duct ’
B. R. | Texic Chronic 1.6 18.5 149 49 -10.0 52
kepatitis | hepatitis o )
B. L. {Carcinoma | Chromic - 51 11.5 123 50 7.3 14

of head of | hepatitis,

| parcreas |peribiiary | . :
Average.. ... ioiiiiieaai 2.62 1747
TasLe IIT o i
Tte Chemical Composition of Livers of Patients with Bemgn Galtmmtestmal Lesions
! Histologic | Glycogtn, | Total | Total Pro- [“Albumin,”|"Globulin,"] Serum Pro-
Pa.orrp Dosase Appearance gm. Lipid, gm.| tein,gm. | gm. ™. tein, gm.
! of the Liver per cent per oent per cent per cent per cent per cent
Normal 1.3 144 114 47 1 67 6.5
Normal | 36 | 9% | 146 | 46 | 100 | 58
Normal 28 | 170 158 44 7| 114 6.3
“ormal 14 6.2 166 | -39 127 | 59
T 2 28 11.82 14.6 4.40 10,20 | -

“ninverse relationship previously has been noted between the concen-
voitis of 1t and of glycogen in the livers of animals,® ie., a high lipid

‘ 1.1 is z:isociated with depleted stores of glycogen. -Althcugh

: ~ e of this relationship has been noted in most of the individuals
TR in J «. preseat study, several instances were found in which high .

vales o pliiopen were associated with abnermally hlgh concenftatxons of
e "f-;'_(‘m‘el) -
S : previous studies from this hospxtal 58 per ccnt of patlentsk
-~ "t tnal cancer have been found to be hypoprotememlc More-
« '~ w0t individuals were subjected to surgical manipulatiqn, with
T oo dens their serum protein levels fell, often to exceddingly ow .

voloos 'n n.ost instances, the hypoproteinemia was _due- prmmpally to a
2 of the albumin fraction. .

- har Leen noted that the livers of fasted ammals are ﬂepliﬁed of prﬁehs
v, i{i grot roidity,” and that when animals are maintained on high protein
¢ ..¢ !l Lo pootein fractions of their livers increase.® These observations,
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therefore, suggest that the liver may store proteins, and that those stores
might be abnormally reduced in the hypoprotememlc patients. with gastro-
intestinal cancer. The concentrations of proteins in the normal human liver
are not known and so not available for purposes of comparison. One may
hazard, perhaps, a comparison of the values obtained with those of animal
liver tissue. . The total protein in the liver of the rat has been found to
average 15.5 gm,, the “albumin” 2.1 gm., and the “globulin” 13.4 gm. per
cent *; in the dog liver the average total protein content has been found to
be 17.5 gm. per cent.*

Of the 18 patients with gastrointestinal cancer the total hepatic protein
was measured in 12. The levels ranged from 12.9.to 17.95 and averaged
16.17 gm. per cent. The “albumin” contents averaged 5.10 gm. and varied
from 3.2 to 8.05 gm. per cent,’and the “globulin” averaged 11.0 and ranged
from 8.5 to 14.6 gm. per cent. - No apparent correlation was found between

- the concentrations of protein in the serum and in the livers of the patients
studied. :

The two control groups gave sxmxlar ﬂndmgs The -total protein con-
tents of the livers of two patients with marked hepatic dysfumnction were 12.3
and 14.9 gm. per cent; the “albumin” contents 7.3 and 10.05 gm. per cent.
The total protein in the livers of four patients with benign gastrointestinal
lesions ranged from 11.4 to 16.6 gm. and averaged 14.6 gm. per cent; that
of “‘albumin” ranged from 3.9 to 4.7 gm. and averaged 4.40 gm. per cent;
and that of “globulin vancd from 6.7 to 12.7 gm. and averaged 10 20 gm
per cent. .

It is mterestmg 'to note that- the lrvcr apparently does not contam hrgc
stores of “albumin.” Assuming an average liver weight of 1,500 gm.; the
average concentration-of 4.1 gm. per cent obtained for hepatic “albumin”
would amount only to 61.5 gm. of protein, or about ofie-quarter that-of ‘the
normal circulating serum albumin, . Thus, if. the’ “albumins” of the liver

‘are similar to those of the serum, or 'are converted'readily into that fraction,
the store they constitute for serum albumin replacem‘ent is a small one."

stcussxon o

. The chemical composmon of the liver Hias bcen dcmonsfrated to detennIne
the degree of susceptnbxlxty or resistance of i€ organ to varjous: pepatdtoxins.
For example, there is general agreement that a high concenttatlon of hepatic
, lipid is pathologic,'* and that an aglequate’ quanﬁty@oiﬁshm glycogen is
" protegtive,’® but only in the absence of: ~nrr‘ahudmu1 contenit of liver fat.'

1 Furtheﬁnore, it hds be&l claimed that thqadminiﬂration of high protein diets
th‘mnnals ‘results it ‘an increased protein. cmtenf'*of.aﬁcﬂiw:r angd aﬁords

fotects sthe organ against several otherwise toxi¢ factors.® . -

s Fence, the observation that the- livers of patien‘ts‘with‘ gastromtestmal
cancer contain abnormally large amounts of fat and probably shmall amounts

of glycogen, becomes of considerable interest. . These patients frequently-
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remive large amounts of narcotics and barbiturates,.and undergo con-
oii -able surgical manipulation and prolonged anesthesia. . These procedures
% . cven in the normal liver, a certain amount of transitory insuf-
e ST Tt could be expected, then, that patients with gastrointestinal
o~meor. whose livers are particularly susceptible to damage because of -their
2" red chemical constitution, often would develop postoperatively a con-
ciderable degree of hepatic dysfunction. . - o

Tiie niechanisms by which glycogen exerts its protective effect against
hepatic damage thus far is not known. However, since the normal meta-
belism of lipid depends upon the catabolism of carbohydrate;, an adequate
store of carbohydrate (glycogen) apparently is necessary to insure against
an abnormal utilization of fat * and its consequent deposition in the liver.*
Emphasis has been given to the fact that it is not the mere presemce of
glyvecgen in the liver but rather its metabolism which offers protection to the
organ against certain toxic compounds.’™ ** : . :

Many compounds injurious to the liver normally are detoxified by con- -
jugation with glucuronic acid. - There now is reason to believe that the
svnthesis of that acid may depend upon an adequate store of glycogen.*
It iz interesting to note, in this connection, that 55 per cent of patients with
casrointestinal cancer * excreted abnormally small amounts of urinary
glucuronates.

The mechanisms by which a high content of lipid contributes to develop-
ment of liver damage probably are better understood. The abnormal
deposition of fat in the liver has been shown to compress the sinusoids and
¢cnr-erontly induce ischemia in certain portions of the organ® Further-
pror Frid is depesited in the organ without water ¢ (in contrast to the
de:.+ition of glycogen®), so that the available hepatic water must be dis-
27 e2d throngh a larger tissue volume; the fluid content of the cells
¢yt mtly may e reduced, and the solution of essential water-soluble
-+ “tw w-e J.areascd.  Finally, the increased lipid content of the organ -
+ “iw lzvenes the solution and retention in the tissue of many lipid soluble

At s <me ro conclusions can be drawn from the values of the hepatic.
c=r+ Pz becse of a lack of adequate control material. :Had'a direct cor-.
st ey {ound Letween the concentrations of protein in the serum and
f: L ivirs of the patients studied, then a reasonable’ explanation for the
b s Cnenia noted so frequently in these individuals might have been a
2 wicn of the hepatic “protein stores.” The data obtained could not
e ile tli arylamation.  The comparatively small amounts of “3lbumin’’

s 4 # o liv rs of even those individuals who had normal serum protein
Jo.. . s i thet the liver does not constitute a ready store fgx serum
s unin roseoment, T < B e Mt

-

'he ohservation that the livers -of ‘paticr;gsfm}ith g.gtmamstim- cancer
¢r mtain abnarmally large amounts of fat and probably small- amougts. of
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glycogen, suggests a means whereby the impaired hepatlc functions of these
mdwxduals might be restored to normal. Recent investigations have shown
that the administration of certain dietary constituents to experimental ani-
mals with livers depleted of glycogen or infiltrated with fat was able to
correct their abnormal hepatic chemical composition and ability to withstand
the damaging effects of hepatotoxins.® ® Hence, if the hepatic dysfunction
in the patient with gastrointestinal cancer was due to the fact that his liver
was more susceptible to hepatotoxins because of its abnormal chemical con-
stitution, then the correction of the altered constitution of his liver and its
consequent susceptibility to continual damage, might be followed in time
by a restoration to a normal functional capacity. Accordingly, attempts
have been made to increase the glycogen content and decrease the fatty in-
filtration in the livers of these patients by the administration of dietary con-
stituents. The results of that study are presented in the subsequent
communication.*

SUMMARY

1. A high incidence of fatty infiltration and probable glycogen depletion
of the liver has been found in patients with gastrointestinal cancer.

2. The possibility is presented that these abnormalities of hepatic chemi-
cal constitution make patients with gastrointestinal cancer particularly serious
surgical risks.

3. No relatlonshlp could be found between the concerntration of protein
in the serum and in the livers of patients with gastrointestinal cancer.
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The Lipotropic Properties of Inositol

C. 1L Bisr, C. (. Lucas, J. M. Parrersox, and
J. I1. Rmovr '
Banting and Best fyepariment of Medical Research
University of Toronto

2) of the diseovery of the
lipotropic effeet of inositol and in subsegnent publi-
cations (3, 4, 7) 1t was claimed that inositol exerts
a speeific effeet upon the so-called “biotin fatty liver,”
whieh was belicved (o be the same as that produeed
by a beef-liver froction.  This was parlicularly inter-
esting, sinee the “hiofin falty liver,” which was stated
to be resistant to choline, was supposed to he char-
aeterized by a high content of cholesterol.  Inositol
was reporfed to he more effective than choline in re-
ducing the level of cholesteryl esters in the lipides of
“biotin fatty livers" and also in those resulting from
the feeding of cholesterol (7).

Beveridge «nd Lueas (1), in this laboratory, found
that under certuin dietary eonditions, however, inositol
was not more, hut distinetly less, active than choline
in reducing ¢} olesters ] esters in liver lipides.  Further
work (to be published shorlly) lias shown that under
all the experimental conditions chosen (21 compara-

In the original report (

tive experiments) choline was at least equally, and
usually more, eficetive than inositol in reducing bound
cholesferol. It wus invariably more active in reducing
total lipides.
fed on fat-free dicts, on diets containing fat, and on

Shuilar results were obtained in rats

diets containing faf and cholesterol. Wlien biotin was
injected, choline was distinetly more aetive in redue-
ing total lipides and was al least as effeetive as inositol
in reducing hound sterols, In the prolonged experi-
ments choline was mueh more effeetive than inositol
in lowering the cholesteryl esters whether or not
biotin was given.

No evidence has been obtained in this laboratory to
suggest that there is any difference between the falty
liver produced by biotin and that cansed by a high
fat diet. The ratio of bound sterol to glycerid is the
sunme in the presence of biotin as in its abseuee.
Groups of rals (usually about 12 animals on each
diet) injected with biotin (5 v daily) responded just
as well to choline us did those not receiving biotin.
The biotin and nonbiotin groups responded to about
the same extent to administration of inesitol, this
response beingy less than that produeed by an equal
quantity of dictary choline.  The eombined offect of
choline and inositol s equally pronounced whether

12

biotin is present or absent. In a reeent paper, Mce
Henry (3) has retracted ecrtain of his earlier state-
ments eoncerning (a) the characteristics of the “bio-
tin faily liver” (i.c. its identity with that produced by
feeding a certain liver fraetion) and (b) the speeific
lipotropic properties of inositol on this “biotin fatty
liver.” Our experimental results, which confirm and
extend McHenry’s latest findings, lead us to advance
{urther along this pathway and to eonclude that there
is no evidence that the “biotin fatty liver” exists as
a unique phenomenon. )

MecHeury (5) has stated that “it is obvious that
inositol is effective in preventing the falty liver caused
by the heef liver fraction, while choling is not.” That
the liver fraction contains choline® has been noted (6),
but the fact seems to have been overlooked in ex-
plaining the apparently greater relative lipotropic
effect of inositol than choline upon the fatty livers so
produced. Addition of further choline had only a
small effect, as might be expected. Addition of inosi-
tol produced the well-known synergistic lipotropic
effect. McHenry (5) has stated that “the effect of a
combination of choline and inositol is similar to that
produced by the same amount of inositol alone.”
However, the inositol was not «lone in his experi-
ments, beeause the liver fraetion which was fed con-
tained large amounts of choline. It is obvious that
the fatly liver produced by the liver fraction is some-
what resistant to choline, but MeHenry’s failure to
meniion the presence of choline in the liver extract
has tended to overemphasize the role of inositol under
these particular eiveumstanees. It would be inferest-
ing to know the level of liver fat which would yesult
from giving a choline-free¢ liver fraction and to eom-
pare the relative effeets of choline and inositol under
such conditions, Experinents along these lines are
at present being condueted.

We have conducted many experiments in which
diets eontaining cholesterol were fed over periods
from 3 to 16 wecks and have not noted any preferen-
tinl effeet of inositol in lowering either hound sterols
or tolal lipides, In faet, the lipotropie effect of inosi-
tol, which was less than that of choline even in shoxt-
term “cholesterol” experiments, diminished in relation
lo that of choline as the experiments were prolonged.
In eondrast, little, if any, diminution in the choline
effeet was observed during 16 weceks.

PWe nre using a similar fraction, obtained from the sawme
souree, and by the ennea-iodide procedure have found 9 g,

per ceo of free cholfne and 24 mg. total choline,  The Jatter
figure has been contirmmed by microbiological assay.
.
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It may alwo be recorded here that inositol (30 mg.
per day) has not, in our experienee, been effeetive in
preventing the oceurrence of the hemorrhagie kidneys
whieh develop in yvoung rats on diets low in choline

and methionine.
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It has been reported recently from this department
(Beveridgo & Lucas, 1945) that choline was more
effective than inositol in decreasing the cholesteryl
esters in the livers of rats which had beon fed on a
diet low in the lipotropic factors. This incidental
finding was difficult to reconcile with the repeated
claims of McHenry and his collaborators (Gavin &
" McHenry, 19414, b; Gavin, Patterson & McHenry,
1943) that ‘inositol is effective under conditions
unfavourable for the action of choline particularly
when large amounts of cholesterol are present in the
liver’ (McHonry & Putterson, 1944, p. 159). A more
extensive comparison of the rolative lipotropie
effects of choline and inositol was therefore under-

taken and the results of a number of studies in
which biotin was fed are reported in this paper. No
evidence has been secured to support MceHenry's
contentions (¢) that biotin produces a fatty liver
characterized by a high content of cholesterol, or
() that the fatty liver observed when biotin is fed
i3 ‘definitely resistant to the action of choline’
(McHenry & Patterson, 1944, p. 136). Recently
MacFarland & McHenry (1945) have modified the
original statemont fromn their lnboratory and stato
that the fatty liver producod by administering
biotin is partially responsive to choline. They now
report that both choline and inositol exert an effoct
upon the cholesterol content of the liver. While our
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experimental results are in agreemnent with this
latter observation, they demand a much more
extensive revision of McHenry’s original interpreta-
tion than has as yet been made. Our rosults lend
no support to the idea still prevalent in the literature
that bivtin interferes, in any way, with the lipo-
tropic action of choline or that inositol has a
sclective effect upon the fatty liver observed in
experiments in which biotin is administered.

An attempt has been made to determine whether
the preliminary period of vitamin depletion used by
other workers produces an aceelerated deposition of
liver lipids during tho test period as a specific
response to tho avitiminosis or as a result of the
decreased food intake which is inevitable under
these conditions.

Vol. g0

METHODS

General. For each experiment ubout 180 young
rats (60 120 g.) of the Wistar strain were placed on
depletion diets for 3 weeks (see below), At the end
of this period the animals were divided into 17
groups with similar weight and sex distribution and
one group was killed to determine the condition of
the livers. The remaining 16 groups were then given
the test diets as described below. Lach diet was
given to two groups. One group was killed after 1
week and the other aftor 3 weeks. Throughout the
experiment the rats were housed in individual cages
with a false bottom of coarse wire sereen. Water was
available at all times. Weighed utnounts of diet were
placed cach morning in galvanized iron food trays,
designed to minimize spilling. The amount left over
and the scattered material were weighed daily,
from which individual food consumptions eould be
calculated.

The animals were killed by a blow on the head.
Livers were removed immediately and weighed.
When small portions were taken for histological
examination, anllowance was mude for the weights
removed.

Eatraction and analysis of liver fat. The pooled
livers were covered with freshly redistilled acetone
and disintegrated in a Waring blendor. The tissue
brei was transferred quantitatively to lurge centri-
fuge pots and acetone added, equal to five times the
woight of the livers. After about 1 hr. the mixture
was contrifuged and the acetone extract decanted
into a large distilling flask. The residuc was
extracted at least four times with hot absolute
ethanol (3 ml./g. of wet liver) under reflux. In the
case of very fatty livers as many us sevon extractions
have been used. The hot extracts, soparated by
contrifuging, were added Lo the flask containing the
acetone. The extracted tissue residue was trans-
ferred quantitatively to a Biichner fuune! with hot
ethanol. It was sucked as dry as possible, dried
furthor in a current of warm air, transforrod to o

LIVER FAT

vacuum desiccator and brought to constant weight
over P,05. Completeness of extraction was verified
by sapouvification of the dry tissue residue with hot.
alkali, acidification and extraction with light
petroleurn, Usually the fatty acids thus obtained
weighed loss than 0-1 9 of the total lipid extracted.

The combined extracts wero taken to dryness in
vacuo (bath temperature about 45°) undor N, or
€CO;. The fatty residue was dehydrated by adding
25-100 ml. of a benzene-ethanol mixture (4: 1) and
again distilling off the solvent in vacuo. This was
ropeated if nocossary. The lipids in the residue were
taken up in a number of small portions of light
petroleum (b.p. 30-60°). These were centrifugod at
high speed, giving a erystal-clear solution of the
lipids which was made to volume at 2° and stored in
the refrigerator at this temperature.

Samples were removed (in the refrigerator) on
which total lipids, phosphorus and cholesterol (free
and total) were determined in duplicate. Phos-
phorus was measured by the method of King (1932)
and cholesterol by a slight modification of the
Schoenheimer-Sperry procedure (Sperry & Brand,
1943). Phospholipins were calculated by multi-
plying the phosphorus content by the factor 25-2;
the content of bound cholesterol multiplied by 1-68
was assumed to give the weight of cholesteryl
esters; the undetermined residue, calculated by
difference, has been referred to as glyceride.

Beveridge & Lucas (1945) have discussed briefly
the different methods of expressing results of liver-
fat determinations. For ease of comparison with
values in the literature, total lipid figures are
presented in Tables 1 and 2 as percentage of wet
liver weight, and also as mg./liver. From these
figures and the other data in the tables, the per-
centage of wet weight or of dry residue weight for
any component may be calculated.

Diets (Depletion Period). In Exp. I, during the
3-week depletion period, a fat-free diet of the follow -
ing percentage composition was fed ad lib.: casein
10, sucrose 84, sult mixture no. 185 (McCollum &
Simmonds, 1918) 4, celluflour 2, and cod-liver oil
concentrate 0-015 (Ayerst, McKenna & Harrison;
50,000 i.u. vitamin D/g., and 200,000 i.u. vitamin
A/g.). This diet, lacking all B vitamins, is essentially
the same as thal used by MeHonry and his col-
laborators (Gavin & McHenry, 1940) during the
depletion period common to most of their studies in
this field. Celluflour, which has no lipotropic
activity, was substituted for the agar used by
McHenry. The food consumption of the animals on
this deficient diet steadily decreased from almost
10 g. daily at the beginning to aboat 3-4 1. at the
end of the depletion period.

In Fxp. I, tho samoe basal diet was fod during the
depletion period, but supplemonts of hoth choline
and inositol wore included (20 mg. of cachjduy in

369



370

8 g. of food; choline wus given as chloride, 23 mg./
day). The following 13 vitamins wore injected daily
in 0-51nl. physiological saline solution: aneurin
hydrochloride 25 pg., pyridoxin 20 ug., riboflavin
20pg., nicotinic acid 1004g., calcium pantothenate
100 pg. The rats also roceived daily injectjons of a
liver conventrate stated to contain Sug. hiotin
(liver concentrate statod to contain 20 ug. biotin/ml.
(8.M.A. Corporation); each rat received 025 ml.)
During each weck of the depletion period the
animals in Exp. 11 were fed the same average
amount of food consumed by the rats of Exp. I
during the corresponding week. Thus, in this
experiment, during the depletion period, the diet
was adequate with respect to vitamins but the
caloric intake was limitod to correspond to that in
IExp. I. .
Test period. All diots, freshly prepared each week,
were stored in tightly closed tin cans in a refrigerator
at about 2°. In Exp. I the basal ration during the

C. H. BEST, C. C. LUCAS, J. M.
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test period was the same as that used during the
depletion period, but was supplemented by in-
jections of the following B vitamins: aneurin,
pyridoxin, riboflavin, nicotinic acid and ealcium
pantothenate in the amounts doscribed above undor
Exp. II. The basal ration supplemented with these
vitamins is referred to as the control diet. The diefs
during the test period of Exp. IT were the same as
the test diets of Exp. I. One half of the rats in cach
oxperiment also received 5ug. crystalline biotin
-daily by injection, and lipotropic factors were
added to the diet as shown in the tables.

During the test periods the animals in each group
were ‘group pair-fed' with those on the control
ration (Diet I), i.e. the average food consumed/rat/
day was determined for group 1 of each experiment
and this quantity (plus a small amount to allow for
scatter) was offered t each rat in groups 2-8 on the
following day. The actual food intakes are given in
Tables 1 and 2.

"Table 1. Effects of biotiﬁ, choline and inositol on rats after a period of depletion of B vitamins

(Average initial weight of rats was 90 g. (range 62-199 ¢.))

Composition of liver lipids (mg./liver)
A

Liver p ~
Cholesterol
Av. Total ——h
Addition to diet Av, Av. dry lipids Ester
- A - . food Wt wet residue (%, wet (cale.
Amount Survivors jneale change wt. weight liver Total Phospho- as Glyc-
Group Substance (mg./day) Starters (g-/day) (%) (g) (g) wt.) lipids lipins Free Total oleate) eride
0 None (depletion period) 8/8 54 -21 364 0811 828 301 134 75 11499 75 152
(@) Diet contains B vita- Jest diets fed for 1 week
mins but no biotin .
1 None — 9/9 70 +15 534 1154 1374 1734 116 89 21.7 216 588
2 Choline 20 9/9 76 25 478 1044 865 414 137 9-8 187 150 252
3 Inositol 20 9/9 7-8 22 495 0978 1048 499 140 9-8 178 135 336
4 {Choline 20
+ inositol 20 9/9 79 24 434 0960 680 295 144 89 139 85 134
(8) Diet contains B vitamins
plus 5ug. of biotin : .
5 None — 9/9 79 17 596 1-058 19-36 1156 119 89 295 347 993
6 Choline 20 9/9 7-6 25 451 0956 838 378 137 9-8 178 135 218
7 Inositol 20 9/ 75 19 422 0876 1070 452 116 84 161 130 315
8 {Cholin(‘ 20 '
+ inositol 20 9/9 73 21 396 0881 630 249 130 84 1147 56 105
(a) Diet contains B vitamins Test dicts fed for 3 weeks
but no biotin
1 None —_— 7/9 82 145 602 1-210 -1517 913 158 114 364 421 702
2 Choline 20 8/9 79 49 533 1287 799 4% 134 91 200 184 264
3 Inositol 20 9/9 77 36 569 1-144 1009 575 136 100 278 300 3Y9
4 {Chnlinc 20 ¢ )
+ inositol 20 8/9 81 51 536 1232 578 311 150 98 139 69 144
(8} Dict containy R vitamins
plus 5ug. of biotin
5 None — 9/9 81 43 667 1193 2285 1530 150 115 544 743 1204
6 Choline 20 8/9 79 49 510 1194 784 399 1349 95 190 160 234
7 Inositol 20 9/9 81 43 541, 1-106 1346 728 130 100 272 290 5390
8 Choline 20
- inositol 20 0/9 79 49 486 1140 6:04 295 133 89 122 57 147
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Tablo 2. Kffcets of biotin, choline and inositol on rats after calori
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(Average initial weight of rats was 76 g. (range 57-101 g.))
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¢ restriction but without vitamin deplction

Composition of liver lipids (mg./liver)
A N

Av.
food

Addition to diet

A Wt.

o e

Rl 5 .
Amount Survivors jntake change wt. weight liver

Liver

~— \
Cholesterol
Av. 'Total
Av. dry lipids Ester
wet residue (% wet (calc.
Total Phospho- as  Glye-

lipins Free Total oleate) eride

Croup Substance (mg./day) Starters (g./day) (%) (8) (&) wt.)  lipids
0 B vitamins, biotin, 10/10 58 -64 4-55 1032 509 232 126 88 105 20 94
" choline and inositol i
{sce text)
: Test diets fed for 1 week
(¢) Divt contains B vitamins '
but no biotin .
1 None — 9/9 75 +13 541 1166 1428 772 12 100 233 225 610
2 Choline 20 9/9 76 17 479 1177 660 316 123 91 139 81 176
3 Inositol 20 9/9 7-3 17 539 1127 1228 662 133 106 222 195 499
4 Choline 20 . ) .
+inositol 20 8/8 7-7 20 4-60 1119 540 248 122 81 1199 862 112
(b) Diet containg B vitamins '
plus 5pug. of biotin
5 None - 9/9 76 15 574 1203 1636 940 140 103 289 313 758
6 Choline 20 8/8 77 17 491 1140 763 374 134 94 163 116 219
7 Inositol 20 9/9 7-8 16 512 1-082 1264 648 126 9-4 217 207 492
8 Choline 20 ' .
{+inositol 20 7/8 77 17 458 1070 533 244 130 90 121 52 100
Test diets fed for 3 weeks
(a) Dict contains B vitaming
but no biotin
1 None — 9/9 78 +29 631 1418 1699 1050 144 115 384 453 849
2 Choline 20 8/9 7-8 42 554 1132 747 419 158 106 200 158 235
3 Inositol 20 9/9 78 37 547 1212 848 464 144 103 244 238 236
4 Choline 20 )
{Jrinositol 20 8/8 7-8 44 524 1206 617 324 165 98 138 68 142
(b) Dict contains B vitamins
plus 5pg. of biotin
b None — 9/9 73 25 598 1128 1742 1042 140 111 419 515 839
6 Choline 20 9/9 7-8 40 509 1152 742 378 154 100 172 122 202
7 Inositol 20 9/9 7-9 31 550 1146 1254 690 154 1111 283 292 496
R {Ch()]imz 20 . :
+ inositol 20 /8 79 39 506 1179 573 290 149 97 136 66 125
RESULTS CHOLESTERYL ESTERS ~ GLYCERIDES
PER CENT DRY RESIDUE
Tho results are given in Tables 1 and 2. The data’ 5ol TIME | WEEK o NO BOTN
for Fig. 1 are based on those in Table 1. o w PLUS Bl<|3TtN
2 4oF
8
DISCUSSION =
- ) o B s
The increased doposition of liver lipids which has 2
been reported (McHenry & Patterson, 1944) to S 20}
occur follfm'ing the iujocFion of biotin, has boen o o X
observed in some but not in all of our exporiments. O} -’_‘/
"This incrense is clearly demonstratod by tho data in %

Tablo 1 (cf. groups 1 and 5). This effect of biotin is
also seon but to a lessor extont (Table 2} when, as in
Exp. 1T, there was no preliminary 3-week period of
vitamin depletion. Inthis second experimont the
food intake was, howover, restrictod during the 3-
weck proliminary period to corrospond to that
consumeod by the rats in tho first oxperiment when

H 1 i ] 1 i 1 i 1 de

10 20 30 40 50 60 70 80 80 100
Glycerides

Fig. 1. Relation between cholesteryl esters and glycevides

in liver lipids.

the latter were on the diet lacking the B vitumins.
Vitamin depletion during the preliminary period is
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thus not necessary to produce a rapid deposition of
liver lipids, but a lowered caloric intake may be.
Wo have also encountered conditions under which
biotin has little if any effect upon the quantity of
lipids deposited in the liver: (a) after the pre-
liminary period of depletion of B vitamins, when a
moderately large amount of fat (20 9, beef dripping)
was added to the control diet in the test period, and
{b) in ono experitnent. when no fat was added to the
test diet (i.c. under conditions similar to those of
Fxp. I), but in which the control group of rats
developed particularly fatty livers.

The data presented in Tables 1 and 2 indicate that
the fatty liver produced by giving biotin is not
characterized by a sclective deposition of cholesteryl
esters. This finding has been confirmed in other
experiments not reported here. Numerous scatter
diagrams were prepared to illustrate more clearly
the relationship of the levels of cholesteryl esters to
those of glycerides in liver lipids of rats on various
diets. Because of their essential similarity, only
one of these diagrams is presented. In Fig. 1, which
is based on data in Table 1, an almost linear increase
of cholesteryl esters is seen to occur as the glycerides
accumulate. The points lie on the same line whether
or not biotin is present. Thus there is no support. for
the statement that the so-called biotin fatty liver is
characterized by an excessive accumulation of bound
cholesterol. :

The lipotropic effect of choline upon the total
liver lipids is invariably greater than is that of
inogitol, whether biotin is present or not. The data in
Tables 1 and 2 show that both glycerides and steryl
esters were reduced by choline to essentially the
same levels whether or not biotin was given to the
rats. Fatty livers produced by injections of 5ug.
crystalline biotin (following a 3-week period of
vitamin or caloric depletion) obviously do not
show any specific resistance to the action of
choline.

Neither the specific lipotropic effect of inositol
upon “biotin fatty livers’ nor its specific effect upon
cholesteryl esters, originally claimed by McHenry,
was noted in any of some twenty experiments.
Those in which cholesterol was fed will be reported
in n lator communiecation. In short-term experi-
monts (1 week) cholino was at least as effective as
inositol in reducing the bound cholesterol content of
liver lipids. The presence of biotin did not affeet this
result.  In more prolonged experiments (3 weeks)
choline was more active than inositol in this respect
and again the presence of biotin did not alter the
result in any way.

The synergistic effect of a combination of choline
and inositol is dofinitoly shown in Tables 1 and 2.
Both glycerides and bound sterols are rediiced to a
significantly lower level by the combination of these
twa lipotropic factors than by either one alone.
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Biotin does not interfere with the lipotropic effect of
the combination, '

1t may be mentioned that there is no evidence of
any effect of choline, inositol or biotin on the
absolute amount of phospholipin or free cholesterol
in the livers (Tables 1 and 2). The kidueys of all the
rats used in these experiments were analyzed and no
effect of these supplements on any component of the
lipids was observed. ‘

A number of deductions have been made by
McHenry and his collaborators which have heen
based on the now untenable conclusion that
‘choline has no appreciable effect in preventing
biotin fatty livers’ (Gavin et al. 1943, p. 278). Two of
these may be mentioned. McHenry & Cornett
(1944, p. 9) state that they have found that the
addition of biotin to high carbohydrate diets con-
taining pyridoxin and aneurin quickly causes the
production of fatty livers containing large amounts
of cholesterol but that it fails to do so with protein-

_rich diets containing the same supplements. On the

basis of these results they suggest that the pathway
for the synthesis of fat from protein does not
proceed by way of carbohydrate. Their evidence
does not support this suggestion, since it is probable
that the high protein diets provided methionine for
the formation of choline, which would presumably
inhibit the development of fatty livers under their
experimental conditions. McHenry (1941, p. 189)
has also speculated that ‘Practically all of the
existing evidence can be reconciled if we postulate
that the development of a fatty liver in the de-
pancreatized dog is due to the positive action of
biotin, supplied in the meat of the diet, plus a
failure of digestion which prevents the liberation of
a lipotropic factor so that it can be absorbed’. The
second part of this suggestion does not concern us
here. The first part relating to biotin is now pointless
in view of the abscnce of proof of any specific effect
of biotin in the production of a particular type of
fatty liver in any species. There would appear to be
no justification for retaining the term ‘biotin fatty
liver’.

SUMMARY -

1. No evidence has been obtained to support the
claims (@) that biotin produces a seloctive deposi-
tion of cholesteryl esters in liver, (b) that in-
ositol has a specific effect on bound cholesterol,
and (¢) that the fatty liver observed when biotin is
administered is particularly resistant to the action
of choline.

2. Evidence has been secured that under these
experimental conditions, the accumulation of
cholesteryl esters in liver bears a remarkably con-
stant relationship to the deposition of glyceride in
this organ. The administration of biotin does not
affect this rolationship.
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3. Tho synergistic effect of choline and inositol on
liver lipids has boen confirmed.

4. No evidence of any cffect of choline, inositol or
biotin upon the absolute amount of phospholipin or
of free cholesterol in the liver has been obtained in
this series of experiments, nor has any effect upon
kidnoey lipids been observed.
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5. The absence of a specific offect of biotin on the
deposition of liver fat necessitates a revision of
certain theories and deductions, two of which havoe
been discussed. It is recommended that the term
‘biotin fatty liver’ be abandoned.

This work has been financed, in part, by a grant from the
Banting Research Foundation,
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In the 18 years which have elapsed since the lipotropic activity of choline
was discovered, four other naturally occurring substances have been shown
to inhibit the deposition or to hasten the removal of excessive amounts of
liver fat and to prevent kidney damage. Dimethylpropiothetin, the one
most recently discovered (3, 4), was found in the marine alga Polysiphonia
fastigiata, but is not known to occur in vegetable or animal products
commonly used in human or animal rations. The three other substances
(betaine, methionine, and inositol) resemble choline in that they are widely
distributed and are present in most natural food products. No systematic
quantitative study of the relative lipotropic activities of these four common
dietary components has been reported.

Numerous exploratory studics of lipotropic phenomena by many in-
vestigators have provided a broad general picture of the factors involved.
Sufficient data arc now available to justify a more systematic attempt to
determine the relative activity of naturally occurring and synthetic com-
pounds which affect the accumulation of fat in the liver. Since choline
appears to be the effective factor when methionine or betaine is given
(5, 6), since it is the most active agent of this type, and since inositol
exhibits little, if any, significant lipotropic activity in diets containing a
normal amount of fat, it would appear logical to use choline as the standard
of reference.

Evidence already in the literature indicates that factors which affect
appetite and rate of growth influence the choline requirement. For ex-
ample, Griffith and his colleagues (7, 8) have repcatedly emphasized that
dietary supplements which improve the rate of growth should not be con-
sidered antilipotropic since there is no evidence for their direct antagonism
to choline but there is proof that an increased demand for choline occurs
when growth is promoted. A similar situation with respect to the mineral

- * Brief accounts of portions of these studies were presented before the American
Society of Biological Chemists at Atlantic City, March, 1946, and at Chicago, May,
1947 (1, 2). The expenses of this investigation were defrayed in part by grants from
the Banting Research Foundation.
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composition of the diet was noticed by Handler (9). When the minerals
were inadequate and growth was very slow, sufficient formation of choljne
oceurred from dictary methionine (of the protein) to maintain normal liver
lipides. When the minerals were made adequate, growth was resumed.
‘This appropriated more methionine; less was therefore available for con-
version to choline and a fatty liver resulted. Beveridge, Lucas, and
O’Grady (10, 11) have shown that the state of a diet with respect to es-
sential amino acids may alter or even reverse the findings in certain types
of lipotropic studies. Now that such facts are established, the multiple
deficiencies in basal diets containing 5 and 10 per cent of casein (often
inadequately supplemented with the vitamin B complex), which we and
others have sometimes utilized in the past, must be recognized as factors
which may affect seriously the outcome of the experiments and inter-
pretation of the data. That environmental conditions (such as extremes
of temperature) may also affect the requirement for lipotropic agents is now
established (12).

The choice of a basal diet for comparative lipotropic studies offers unique
difficultics. The most awkward one is the fact that the essentiality of
methionine as an amino acid precludes its complete removal from the diet.
Since elimination of methionine was not considered feasible, a basal dict
low in mcthionine, which has been used in previous studies (11), was
adopted for this series of experiments. It does not permit any gain in
weight, yet suffices for maintenance of rats which have passed the period
of most rapid growth (i.c., initial weight beyond 75 gm.). Although this
diet supplies slightly less of several other essential amino acids (threonine,
tryptophan, and histidine) than the minimal amounts tentatively proposed
by Rose et al. (13, 14), it seemed satisfactory for the particular investigation
contemplated, viz., a study of the lipotropic relationships in a diet suf-
ficing to maintain weight. In a subsequent paper data will be presented
showing the effect of increasing increments of growth upon the cholinc
requirement.

EXPERIMENTAL

In the present study, basal dicts have been used containing (Series
I) no fal, (Series 11) moderate quantities of fat (10 per cent beef fat plus
2 per cent corn oil), and (Series 11I) a larger amount of fat (30 per cent
beef fat). These basal diets (in which the methionine content was de-
liberately restricted) were, of course, low in organic sulfur. Therefore,
in one series of experiments (Series 1V) a small supplement of amino acid
sulfur (as cystine, 0.4 per cent) was added to the dict containing 12 per
cent fat. :

Choline, betaine, aud inositol have been added in varying amounts to
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the basal diets.  The lipotropic agents were usually incorporated at levels
of 1,2, 4,8, 16, and 32 mg. per 10 gm. of food. Choline was supplied as the
desiceated chloride in amounts 1.15 times these values and betaine as the
hydrochloride in amounts 1.31 times the values. (The effects of methion-
ine supplements wiil be reported in a separate paper.)

White rats of the Wistar strain (reared in our colony and weighing usually
from 70 to 100 gm.) were housed in individual all-metal cages with a false
bottom of coarse wire screen. The test dicts were fed for 21 days. The
groups (containing ten or more animals each) were comparable with respect
to weight and sex distribution within each of the four series of experiments.
The rats within each series were “group pair-fed” to minimize effects due to
differences in food intake of different groups. For example, in Series I,
the rats eating the fat-free basal diet tended to consume less food than did
those eating this basal diet supplemented with lipotropic substances.
Each rat in all of these groups was therefore offered only the average
amount of {ood eaten per day by the group of rats on this basal diet.
The care of the animals and the procedures used for the extraction and
analysis of liver lipides have been described previously (15).

Series I. Fat-Free Diet-—The basal diet for the experiments of Series 1
possessed the following percentage composition: casein (Smaco, fat-free,
vitamin-free) 8, gelatin (Davis) 12, sucrose 72, salt mixture (16) 5, Cellu
flour 2, “vitamin powder” 1, cod liver oil concentrale (Ayerst, McKenna
and Harrison, Ltd., Montreal; contains 200,000 i.u. of vitamin A and 50,000
iu. of vitamin D per gm.) 0.015. The ‘“vitamin powder” consisted of
thiamine hydrochloride 500 mg., riboflavin 250 mg., pyridoxine hydro-
chloride 200 mg., calcium pantothenate 1000 mg., and nicotinic acid 1000
mg., made to 1000 gm. with finely powdered (100 mesh) sucrose. This

- diet supplies 3.7 kilocalories per gm.

Preliminary work had shown that in rats eating such a ration there was
a negligible increase in liver lipides during the 1st week, that a rapid rise
occurred during the 2nd week, and that during the 3rd week any further
increase was questionable (Fig. 1). There appears to be a tendency for
the liver lipides to be slightly higher and more variable in female than in
male mats. In all subsequent experiments test diets were fed for 21 days
(unless otherwise stated) to be sure that the animals were in a condition of
equilibrium with respect to liver fat. The weights of rats on this basal diet
remained practically constant during this period. Supplements of choline
or betaine produced slight gains in weight, while supplements of inositol
did not.

The results of these studies may be presented most concisely in graphieal
form. Fig. 2 shows the amounts of lipotropic supplements added to the
test dicts, and the resulting total lipide content of the hivers. Tig. 3
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F1a. 1. Rate of development of fatty livers on the fat-free hypolipotropic diet.
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for male (@) and female (O) rats (105 4- 15 gm.) are shown with the grand average
(®). On the 3rd and 6th days the livers were pooled for analysis. Average food
consumption about 7.5 gm. per day.
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Fig. 2. Dose-response curves showing the effect upon total liver lipides (expresged
as per cent of fresh weight of liver) of the lipotropic agents choline (®), betainc
(O), and inozitol (O) in rats consuming the fat-free diet for 21 days. Ten animals
(70 10 90 gm.) per group; average food consumption about 8 gm. daily.

illustrates the supplementary lipotropic cffect of inositol when added to
diets containing choline or betaine. TFig. 4 shows the effect of choline and
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inositol, singly and in combination, on the cholesteryl ester content of the
liver lipides.

The amount of each of these lipotropic agents required to produce its
maximal effect varicd considerably. To maintain the liver lipides at a nor-
mal level, about 60 mg. of betaine or 8 mg. of choline per 10 gm. of this
type of food were required. In contrast, inositol exerted its maximal
effect at very low dosage: 2 to 4 mg. per 10 gm. of food reduced the lipides
to approximately 15 per cent, and increasing the dosage up to 32 mg. had no
additional effect. The supplementary effects of inositol when added to
these fat-free dicts containing small amounts of choline are apparently
real, as shown in Fig. 3, even if the further decrease in the liver lipides is
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Fia. 3. Dose-response curves illustrating the supplementary lipotropic effects of
choline and of inositol in the fat-free diet and of inositol with 8 mg. of betaine per
10 gm. of diet. Total liver lipides expressed as per cent of fresh weight of liver.
Rations fed to groups of ten rats each (70 to 90 gm.) for 21 days; average food con-
sumption about 8 gm. daily.

small. Unfortunately these livers were pooled for analysis and hence data
are not available for testing the significance of the difference. At maxi-
mally effective dosage, choline reduces cholesteryl esters to considerably
lower levels than does inositol (Fig. 4), although there is a suggestion that at
low dosage levels (below 0.04 per centin the dict)inositol is somewhat more
effective than choline. Inositol exerts a definite but not spectacular sup-
plementary effect upon cholesteryl esters.  The ratio of cholesteryl esters to
glycerides is not appreciably affected by the presence of inositol in the diets,
confirming previous studies (15).

Neither frec cholesterol nor phospholipide was altered significantly by the
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lipotropic supplements.  Since the cholesteryl ester fraction usually we-
counts for only about 1 10 3 per cent of the total liver lipides, variations
in its amount cannot affect the total lipides appreciably. It is obvious,
therefore, that choline at all dosage levels exerts its effect mainly upon the
glyceride fraction.

Serics II.  Dicts Conlaining 12 Per Cent Fai—In Series II the diels
contained 10 per cent beef fat and 2 per cent corn oil (Mazola) which
replaced an equal weight of sucrose in the basal diet used in Series I.
The diets of Series 11 supplied 4.4 kilocalories per gm. The supplements
in the test dicts and some of the findings are presented in Fig. 5.

Choline is almost as effective in the presence of 12 per cent dietary fat
as in the fat-free diet, about 10 mg. per 10 gm. of food giving essentially
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F1a. 4. Effect of lipotropic agents upon cholesteryl esters (expressed as per cent of
fresh weight of liver) in liver lipides of rats cating the fat-free diet.

maximal reduction of liver lipides. Owing to the slightly smaller food
consumption of these rats, the daily intake of choline required (7 mg.) to
produce this effect is essentially the same as in Series I. Inositol failed to
exhibit any lipotropic activity whatever in this type of diet.

Series III.  Dicts Containing 30 Per Cent Fat—These diets, containing
30 per cent of beef fat in place of an equal weight of sucrose in the basal
diet. of Series I, supplied 5.3 kiloculories per gm.  The animals of this series
consumed on the average 7 gm. of food per day, corresponding to an
average inlake of 37 kilocalories as contrasted with 30 and 31 kilocalories
in Series 1 and 11, respectively.  As might be anticipated, a slightly larger
dose of choline waus required to give the maximal lipotropic effect with the
larger ealoric intake. Tt may be noted (Fig. 5) that the liver lipides did
not come down to quite as low a level us they did when less dietary fat
was present.,
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Although betaine was somewhat less effeetive at lower dosage levels in
the dicts containing 30 per cent fat than in those free from fat, 64 mg. per
10 gm. of food brought the liver lipides down to normal in both cascs.
Inositol alone was without effect, and no supplementary action whatever
could be detected when it was tested at 1, 2, 4, 8, and 32 mg. levels in dicts
containing 2 mg. and 8 mg., respectively, of choline. '

Series IV. Cystine-Supplemented Diets Conlaining 12 Per Cent Fat-
The basal diet used for Serics IV resembled that of Series IT but included a
supplement of 0.40 per cent cystine. The cystine supplement alone im-
proved the maintenance of weight of the basal group, but little growth
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Fig. 5. Dose-response curves showing the total liver lipides (expressed as per cent
of fresh weight of liver) resulting from consumption of diets containing 12 and 30
per cent, respectively, of fat with varying amounts of the lipotropic agents. Ten rats
(70 to 100 gm.) per group, fed lest diets for 21 days; average food consumption about
7 gm. per day.

occurred because other deficiencies (choline first and then possibly threonine
and tryptophan) were still limiting factors. The choline supplements that
were added to the test diets and some of the findings are shown in Fig.
6. Growth occurred when choline was added, the maximal effect upon
weight gain being observed when 8 mg. of choline were present per 10
gm. of food. This increase is possibly due to a sparing influence of choline
upon dietary methionine.  Choline supplements produced only about one-
half as much growth when the cystine supplement was omitted, confirming
the suspicion that & deficiency of amino acid sulfur existed in the profein
mixture (casein 8 per cent, gelatin 12 per eent of the dict). Inositol
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supplements of 2, 4, and 8 mg., respectively, had no beneficial effect upon
growth, whether cystine was added or not, and had no effect whatever on
the liver lipides (32.6, 34.6, and 32.1 per cent, respectively; basal 33.
per cent).

The so called “toxic”’ or “antilipotropic” effect of cystine is scen in the
increased deposition of lipides in the livers of the rats on the basal dict.
With Griffith (8, 17), we deprecate the application of these terms to
cystine, but reserve full discussion of the matter for a future publication.
Briefly, the choline requirement is increased by extra growth (which in
this case results from an improvement in the organic sulfur content of the
ration).
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F1a. 6. Lipotropic response of rats (five males and five females per group; 80 to
110 gm.) to different doses of choline in diets with and without supplementary cystine
(0.40 per cent). Average food consumption about 7.5 gm. per day. The effects of
these supplements on body weight are shown in the insert.

DISCUSSION

Work during the past 25 years on the bioassay of vitamins and on the
estimation of the potency of various drugs has shown the necessity of pre-
paring dose-response curves. Ixtensive investigations of the reliability
of such bioassay procedures by chemists, pharmacologists, and statisticians
have led to the general recognition of the importance of using only the
steep portion of a dosc-response curve for making comparisons and have
emphasized as another requirement the use of adequate numbers of test
organisms. Welch and Welch (18) have already drawn attention to the
importance of these considerations in studying lipotropic phenomena.
They (19) have reported a dose-response curve for the effect of choline in
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mice. In connection with a study of hemorrhagic degencration of the
kidneys in weanling rats, Griffith and Mulford (20) have published a
dose-response curve showing the lipotropic effect of choline in young rats
on a dict containing 18 per cent casein. No dose-response curves for older
rats given any of the lipotropic agents have been found in the literature.!

It should be appreciated that the naturally oeccurring lipotropic agents
perform functions in the body which are not necessarily associated with
their lipotropic activity. All that is ingested may not be used for Lipotropic
purposes. Indeed, in the casc of methionine, data which it is hoped will
soon be published suggest that growth requirements tend to be satisfied
before labile methyl groups become available for lipotropic action (through
choline formation). The total requirement for any one of the natural
lipotropic agents probably differs appreciably from the amount used
specifically for lipotropic purposes.

Various estimates of the comparative lipotropic potencies of compounds
such as choline, betaine, methionine, inositol, “triethylcholine”, arseno-
choline, etc., have appeared in the literature (18, 20, 21). It has been
found that, in weanling rats on a certain diet, choline possesses 3 times the
lipotropic potency of betaine and of methionine (20). These observations
have been widely accepted as indicating that methionine methyls are
efficiently utilized but that probably only one of the betaine methyls is
available for lipotropic action. Several years earlier, Platt (21) had sug-
gested that betaine is only about 30 per cent as effective as choline in
preventing deposition of fat in the liver. Realization that the nature of the
basal diet, the food intake, and the age and sex of the animal (and possibly
other factors yet to be determined) all affect the “choline equivalent” of a
lipotropic agent makes it very doubtful that a set of conditions happened
upon by chance would give ratios of general physiological significance.

1t is, therefore, questionable whether such comparative data as are at
present available justify the conclusions that have been drawn as to the
relative metabolic availability of methyl groups in different compounds.

Even in the simpler case of merely comparing lipotropic potencies, the
curves here presented illustrate the grossly erroncous interpretations that
may be made if comparisons arc based upon arbitrarily chosen doses of
these substances. Data presented elsewhere (22) confirm the statement of
Griffith (23, 24) that the lipotropic requirement is related to food con-
sumption, 1.e., ealoric intake. In the present study, since within any one
serics the average food intakes of rats in different groups are equal, one
may compare lipotropie intakes in terms of the amounts in the diets. For

' The application of such curves to the comparison of the lipotropic activity of
“tricthylcholine’” with that of choline is reported in a paper from this laboratory
famy



326

POTENCY OF LIPOTROPIC AGENTS

example, if one found (as we report in Fig. 2) in a fat-free diet that a cer-
tain amount of choline, say 0.01 per cent, gave the same percentage of
liver fat as did 0.32 per cent inositol, the conclusion might be drawn that
choline is 32 times as active as inositol; yet when the dose-response curves
are available, it may be seen that 0.04 per cent inositol in a diet produces
essentially the same amount of liver fat as did 0.32 per cent. Comparison
under these conditions leads to the more nearly correct conclusion that cho-
line possesses 4 times the lipotropic potency of inositol. Even this state-
ment of their relative lipotropic potencies is at best only a half-truth, how-
ever, since with this dosage of inositol the liver lipides are left at a
moderately high level, about 15 per cent, and more inositol does not
exert any further effect. In contrast, the addition of more choline to the
diet brings the liver lipides down to normal (about 5 to 6 per cent).

This example illustrates the importance of knowing the characteristics
of the dose-response curves of the compounds to be compared. It is now
well known that unless the dose-response curves of the substances being
compared possess essentially similar characteristics, the ratio of potency of
one substance With respect to another will vary with the dosage. In other
words, a comparison at any one dosage level has no general applicability.
For example, in Fig. 2 it may be seen that 4 mg. of betaine give the same
liver fat value (19.5 per cent) as does about 0.4 mg. of choline. Under
these conditions choline is about 10 times as active as betaine; when 8
mg. of betaine are present the liver fat is reduced to 14.3 per cent, a level
which is also produced by about 1.4 mg. of choline, giving a potency ratio
of just over 5:1. However, if the comparison is made with 32 mg. of be-
taine (liver fat about 7.5 per cent), the choline requirement for equal reduc-
tion of liver lipides is about 5.5 mg. or a potency ratio of 6:1. Finally,
since 64 mg. of betaine per 10 gm. of diet are required to reduce the liver
fat to normal and only about 8 to 10 mg. of choline are necessary for this
purpose, the ratio here is between 8:1 and 6:1. This point has been la-
bored at considerable length in order to show how these ratios are affected
by the conditions under which the potencies are compared and that hence
no general statement which is applicable to all dosage levels can be made.

It may be mentioned that some years ago, before the ideas discussed
above were appreciated, scveral attempts to compare lipotropic activity
were made in which the decreases in liver fat of rats on different test diets
were compared. However, it is well known that the quantity of fat
deposited on a hypolipotropic basal diet may vary considerably, for
reasons not yet elucidated. Mean values ranging from 20 to 30 per cent
of wet liver weight have been encountered when similar (small) groups of
rats were fed apparently identical basal diets for the same test period at
differcnt seasons. Added choline (say 0.1 to 0.2 per cent) reduces the
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liver fat to a fairly constant level (about 5 to 8 per eent). This lower level
seems to be much more reproducible than is the high level on the basal
diet. Estimates of relative potency, based on decreases measured from
the variable high level, lack reproducibility because of this variability and
are, morcover, meaningless from the point of view of dose-response curves.

Experimental studies and elinical observations during recent years have
promoted the lipotropic agents to a prominent position among the dietary
components. With an increasing realization of their essential nature, the
relative potencies of the various substances possessing lipotropic activity
assume greater practical importance. The complex biochemical and physi-
ological interrelationships of these compounds, particularly in the rat and in
chicks, have been partially elucidated (25-27). Studies in witro by
Borsook and Dubnoff (28, 29) have shown that the enzymes responsible for
the various transmethylation reactions are highly specific and that the
distribution of the individual enzymes varies from species to species (30).

Raymond and Treadwell (31) have mentioned the desirability of adopt-
ing standardized conditions for the comparison of lipotropic activities.
Interpretation of the significance of the data they present is impossible
because there is no way of knowing whether the one dosage level used in
their tests is on the steep part or on the flat portion of the respective dose-
response curves. This defect is common to most papers on lipotropic
phenomena. Recognition of this weakness is indicated in the recent paper
by Welch (27) on the relation of molecular structure of choline analogues
and homologues to their protective ability against hemorrhagic renal
lesions of dietary origin. Welch reports the effects of eight dosage levels
of choline and of two to six levels of the other compounds. There are, of
course, commendable features in the proposal to use standardized condi-
tions for comparisons, provided these are chosen with sufficient fore-
thought and with the realization that no one set of conditions can sup-
ply a complete answer.

Recent reports (32-31) indicate that vitamin B, and folic acid exert
a sparing action upon the choline requirement. The data presented in
this paper show the nccessity of having dose-response curves available
in order to estimate accurately the requirement for each of the lipotropic
agents under different dietary and environmental conditions.

SUMMARY

1. Evidence has been presented showing the necessity of preparing
dose-response curves for the accurate estimation of lipotropic requirements
under stated dietary and environmental conditions.

2. Dose-response curves are given showing the lipotropic effects of
choline, betaine, and inositol in fat-free diets and in diets containing fat,
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3. Cholinc exerts a strong, and betaine a moderate, lipotropic effect
under all dietary conditions studied.
4, Inositol exhibits a relatively limited linot vgpig effect in fat-free diets

OSILOL exIIDILS & PCiil veld 2lpetd LS 200

but shows no activity when thc diet contains fat. The supplementary
lipotropic action of inositol (with choline or betaine) in fat-free diets has
been confirmed but this supplementary effect is not observed in diets
containing fat.

5. The impossibility of making a general statement concerning the
activity of any one of the naturally occurring lipotropic substances with
respect to any other is obvious from the marked dissimilarity of the dose-
response curves. ’

6. Previously reported lipotropic ratios of 3:1 for betaine and methionine
with respect to choline are of questionable significance since the com-
parisons were made under conditions which have now been shown to be
unsatisfactory for establishing such relationships.

.
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The possibility that choline exerts lipotropic aclion through its intro-
duction into newly formed lecithin molecules 1s an attractive hypothesis for
which there exists some supporting evidence (1-3). Inositol, which is also
a constituent of phospholipid (4, 5), may possibly cxert its effect in the
same way. MeHenry and Patterson (G) have already suggested this possi-
bility. If these two substances actually do lower liver fat by virtue of their
incorporation into phospholipid molecules, then essential fatty acids, which
also constitute integral parts of certain phospholipids, might similarly be
required before choline and inositol could exert their effects, or benecessary
to produce maximal lipotropic action.

About the time that experimental work was started to test these points,
Ingel published a paper (7) in which he mentioned the relation of the cs-
sential fatty acids to the lipotropic action of choline. His motives for
carrying out this particular investigation differed from those which initiated
the present study. ¥ngel had found that pyridoxine is necessary for
choline to exert its full lipotropic effect, and beeause of the complementary
relationship of pyridoxine and essential fatty acids in the cure of rat acro-
dynia (8, 9) he was prompted to examine the possible influence of essential
fatty acids on the lipotropic action of choline. Engel fed 0.1 ml. of corn
oil to each test rat daily. This supplement did not alter the lipotropic
effect of choline in short ierm cxperiments (3 weeks), but did augment the
latter’s action in an experiment of 8 weeks duration. In a recent publica-
tion (10) by one of us, data obtained from a small series of animals sup-
ported this finding of Engel’s.  Unexpectedly, it was also discovered that
corn oil (Mazola brand), which was [ed with the object of supplying es-
sential fatty acids, instcad of augmenting the lipotropic action of inositol
actually obliterated it.  The present paper confirms this ohservation and
reports more detailed analytical data for Hver fat from rats on a number of
diets similar to those utilized in the preliminary work reported by
Beveridge (10).

EXPERIMENTAL

Young rats of the Wistar strain were used for the feeding experiments
which ran 8 wecks. The fut-free basal diet consisted of the following
311
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components:t easein (fat- and vitamin-free, Smaco brand) 8 per cent, gels.
tin 12 per cent, sucrose 73 per cent, salt. xm\tuu * 0 per cent, agar 2 per cent,
cod liver oil concentrate (500,000 1.0, of vitamin A per gm. and 50,000 1.,
of vitwmin 1Y per gm. \‘\‘\\m,, Me I\'cmm and IHarricon}) 0.015 per eent.
The cascin and gelatin were extracted with hot aleohol-cther.

The B vitumins were administered daily by subcutaneous injection in
0.5 ml. of 0.9 per cent saline: thimine hydrochloride 50 v, riboflavin 25 ¥,
pyridoxine 20 v, Ca pantothenate 100 v, nicotinic acid 100 y. The supple-
ments, which were added at the expense of the sucrose, were given as de-
scribed in the text.

Series A—This series was planned to test the effcets of essential fatty
acids (supplxo(l by feeding corn oil) on the lipotropic action of choline
and inositel. T wenty young rals (23 to 35 days oid) were used for each
group and litters were divided as evenly as possible among the different
groups.  The groups were also balanced with respect to weight and sex.

The diets were made up fresh every 10 to 14 days.  The fatty ingredients
were incorporated by spraying them, in dilute solution in acetone, over thin
layers of the other components, which were then thor oughly ml\ed with a
spatula until all odor of the solvent had disappeared. Turther mixing was
done by crumbling the mass by hand. The diets were stored at 4° in tightly
closed containers,  The antmals were fed ad libitum.

With the exception of Groups 613 and 7B individual liver fat was deter-
mined in the usual way by saponification, acidification, and extraction of the
{atty acids® with petroleum ether. The livers of Groups 6B and 7B were
pooled and the fat was extracted essentially according to the methods de-
seribed by Artom and Fishman (12). Todine numbers were determined
according to the method of Rosenmund and Kuhnhenn as modified by
Yasuda (13).  Thospholipid was estimated by multiplying the total phos-
phorus of the lipid fraction by the Artom and Fishman (12) factor 22.7;
cholesterol was determined gravimetrically as the digitonide. Details of
the supplements and the analytieal findings are given in Tables T and TT.

Series B—Since the results of Series A had shown that, under the con-

! The composition of the basal diet, as described in the preliminary report (10),
is confused by a typographical crror. The words “12 per eent casein’ should be
deleted.

? The salt mixture used was one based on the MeCollum Salt Mixture 185 (11)
modified aecording to the best available data coneerning the minersl requirements for
growing rats.  The composition, in gm. per 100 gm. of salts, is 1s follows: Ca lactate
(11013515, CaCOG28, CalILPO O 1.0 14.60, K1 PO, 6.45, Nall.PO, - H.0 18.76,
NaCl 931, MexO, Gahvdrous) 7.19, ferric citrate (31.,0) 3.19, NMnsO,-211.,0 0.33,
2RO THLO 0.055, CaR0 5110 0.039, WT 0.00039,

*The materiat o

contaime sleo

stracted, which is usually referred tong
sponifialle matter.

‘erude Hiver fatty acids,’
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iions used, the inelusion of corn oil obliterated the lipotropic setion of

awwitol, the effect of asaturated fut free of essential fatty ueids) was also

Tanii: I
Effect of Corn Qil on Lipotropic Action of Choline and Inositol, Serics A
Groups of twenty rats, average weight 62 gm., were fed experimental diet for

~ weeks. o N
o ch ; Fatty acids
. H _of ange in Food as [.)Cl’ c_e,nt
e Supplement survivors | Veight of | TO00 of wet liver
Average
- per cent per cent em.
1 None (basal) 14 +24 7.8 23.4
2 Choline chloride (0.5} 16 +71 9.9 6.4
K Inositol (0.3) 13 +20 8.6 13.3
4 Corn oil (1.0) 15 +25 7.9 25.3
5 ¢ ¢ (1.0) 4+ inositol (0.3) 11 +33 8.7 27.2
6A “ 4 (1.0) + choline chloride (0.5) 17 +112 9.6 4.7
7A “ 4 (1.0) + choline chloride (0.5) 4+ 19 +105 9.8 3.8
inositol (0.3)
6B | Same as Group 6A 17 +91 | 8.8 4.5*%
8 “oou “ o 7A 16 +99 9.7 3.6*

* Total lipids extracted from the pooled livers by alcohol and alcohol-ether
guve values for Group 6B of 6.3 and for Group 7B of 4.6 per cent wet liver weight.
Aliquots of these extracts were used for determination of total fatty acid§ in the
usual way by saponification, acidification, and extraction with petroleum ether.

TasLe 11
Composition of Fats from Pooled Livers, Series A

The values are expressed as per cent of fat-free, dry liver tissue. The per cent

liver residue weight of original wet weight was 22.15 in Group 6B and 23.95 in Group
.
Cholesterol Steryl ester? i
Group No. Total lipid* | Phospholipidt calculated Glyceridey
Free Esterified as olcate
6B 24.8 13.30 0.66 0.37 0.62 10.2
8 19.2 11.90 0.63 0.37 0.62 6.0

* 'lhe mdmo number of Gxoup GB was 81.3 and of Group 713 was 92.1,

t Calculuted from P in total lipid (chloroform-soluble P X 22.7).

} Esterified cholesterol X 1.6% assumed to give the weight of cholesteryl esters.
§ By difierence. ’

determined. At the same time the effect of this fat was compared with
that of corn oil on the lipotropic aetion of choline.  In order to avoid any
complicating fuetors due to differenees in food intake, ali the groups were
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paired fed on Group 4 (“non-essential fat” supplement).  The supplement
used in this experiment and their effects upon the rats are shown in T,
III and the proximate liver analyses are given in Table TV,

The livers, after being weighed and pooled, were emulsified in a Warip,:
blendor with 5 volumes of acetone

CIicl 2 Aiils O allwvonnc,

T3

Small sliagunts

wearn faloan £
omait &1guots were taken 1or toty

crude fatty acids, which were determined in the usual way. The remaindcr
of the acetone suspension was made up to about 10 volumes and allowed to

TasrE III
Effect upon Young Rats of Diets Used, Series B

Groups of twenty rats were fed experimental diets for 8 weeks; the food intake
was 7.9 gm. per rat per day.

;2 Aver- Average Average | Average
-"‘g Supplements inailtz;al visv‘gr-s wel:?x;ltllta of :w}']caiz,'lﬁ: tl)rfl l‘i‘i'ectr
3 weight survivors | survivors | weight
per cent m. m, per cend mm.

None (basal) 68.8| 10 75.1 +8 | 5.10
1 | Corn oil (1.0) 70.4| 16 77.8 431 7.52
2 | Inositol (0.3) 70.2! 13 82.5 +10 | 5.15
3 | Corn oil (1.0) + inositol (0.3) 69.9; 15 78.5 +20 7.15
4 | Non-essential fat* (1.0) 69.3| 12 79.2 +16 | 6.10
5 o “ (1.0) + inositol (0.3) 72.5] 13 72.9 +27 4.46
6 | Corn oil (1.0) 4 choline chloride (0.5) 72.4] 20 72.4 436 | 3.56
7 | Non-essential fat (1.0) -+ choline chloride | 69.1 18 65.1 +41 | 3.23

(0.5)

* This material, isclated from beef dripping by repeated fractional crystalliza-
tion from acetone, had an iodine number of only 5.0. Even if all the unsaturation
were due to linoleie acid, the quantity supplied in the diet would amount to only
about 2 mg. per rat per day. However, this possibility is most unlikely. In the
first place, published analyses of beef dripping show that linoleic acid accounts for
only a comparatively small part of the unsaturation of this fat (oleic acid 40 to50
per cent, linoleic acid 2 to 3 per cent of the fat). Further, since the more unsaturated
fats would be preferentially left behind in the fractionation, the small amount of
unsaturated glycerides remaining in the fraction is almost certainly due to oleic
acid. The melting point of the isolated fraction, which will be referred to as “‘non-
essential fat,” was 50-53°.

stand for about half an hour. The acetone dehydrated the liver tissue
and took up a portion of the liver fat. The mixture was centrifuged, the
supcrnatant was filtered, and the filti:te was evaporated to dryness in
vacuo under a stream of nitrogen. After dehydration of the material left
in the flask, by addition of absolute alechol and evaporation in vacuo, the
fat in the residue was extracted with petroleum ether. The dehydrated
and partially defatted liver tissue was extracted in Pyrex centrifuge pots
(250 ml) five times by refluxing for about 30 minutes cach time with 3
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volunies of absolute aleohol.  The aleoholic extracts were evaporated as
above and {he petroleum cther extract of the residue so obtained was
combined with that from the acetone extract. The water-free, fat-free
liver tissue was dried in vacuo over P,0, and weighed. Saponification of
this Jiver residue revealed that the process used for extraction of the fat
was more than 99.5 per cent efficient. Cholesterol was determined by the
Schoenheimer-Sperry method (14). Phospholipid was estimated by (a)
a calculation based on the total phosphorus in the petroleum ether extract
by using the factor 25.2 (assuming 93 per cent monoamino phosphatide and
7 per cent diamino phosphatide); (b) a caleulation based on the phosphorus
content of the total crude phospholipid precipitated by acetone and MgCl..

TapLe IV
Effect of Dietary Fat on Lipotropic Action of Choline and Inositol, Series B

Groups of twenty rats, average weight 70 gm., were fed experimental diets for 8
weeks; the food intake was 7.9 gm. per rat per day.

Group Fatty acids Total lipid Unextracted | wyger Dry tissue
er cent er cend er cent

s |l | g e | Pl | gt | g
30.4 200 31.2 - 200 0.12 53.6 15.2
1 31.0 241 32.4 253 0.14 5.7 12.9
2 20.0 132 23.5 157 0.26 61.3 15.0
3 28.0 191 33.8 231 0.09 51.5 14.7
4 25.7 173 28.4 191 0.06 56.7 14.9
5 21.0 119 25.1 143 0.11 57.3 17.6
6 5.6 24 8.0 35 0.47 68.7 23.3
7 4.3 19 7.1 31 0.29 69.7 23.2

This precipitation was carried out in 250 ml. centrifuge pots by taking
about 50 mg. of liver fat, dissolving this in 5 ml. of petroleum ether, and
adding 85 ml. of anhydrous acetone. Aceording to the recommendation of
Sinclair and Dolan (15), the preeipitation was completed by adding 0.25
ml. of a saturated ethanolic solution of magnesium chloride. After being
thoroughly mixed, the material was left in the refrigerator for about an
hour. The mixture was centrifuged and the precipitate was washed with
25 ml, 15 ml,, and 10 ml., respcctively, of acetone. TPhosphorus in the
precipitate was determined by the method of King (16).

Todine numbers on the unfractionated fats were determined in the usual
way (13).

DISCUSSION

There has been no unanimity among investigators working on lipo-
tropsie substances as fo the est methed of expressing analytical data derived
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from lipid determinations on vers of markedly viiable fat content.  Re-
sults have been most commonly expressed as a per cent of the wet weight of
liver.  The variahility of water content of the liver with age and with the
degree of infiltration of fat may not only conceal changes which have oc-
curred in the absolute amounts of the lipids present but may also lead to
quite erroncous conclusions.  Beeston, Channon, and Wilkinson (17) have
advocated expressing results as gm. of lipid per 100 gm. rat; 7.c., liver fat as
a percentage of final body weight.,  Since the addition or withdrawal of one
nutrient often may have a marked cffect on hody weight without a cor-
responding cffect on the liver, the objection to this method of expressing
data is obvious. The use of the initial body weight, while not ideal, avoids
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DIET NUMBER .
F1c. 1. Individual liver fat values, obtained on diets in Series A

some of the difficulties.  Somne investigators (c.g., Artom and Fishman (12))
have based their results on the Jat-free tissue and others (e.g., Engel (7))
on the moaisture-free tissue.  While the two latter methods constitute an
inprovement, they still leave something to be desired, since in each ease
mmsuflicient cognizance is taken of one large variable. The present authors
helieve that liver fat should be expressed as a percentage of the weight of
the water-free, fat-free Jiver sinee the latter, in the absence of extensive
cirthosis, is o fairly true measure of the relative amounts of active tissue.
The dati obtained in the present study are therefore so expressed, unless

The distribution of the individual vahues iver fatty acids
of Sevies A i shownin TFigs 1 oand the summarized data e

ended in
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Table I The data in Tuble T reveal a eurious phenomenon for which no
explanation can yet be advanced.  On a fat-iree diet the lipotropic effect
of imositol was definitely demonstrated (Group 3) but the addition of corn
oil (Mazola) to the dict completely prevented this action (Group 5). The
oh=ervation was confirmed in Series B (Table IV (compare Groups 2 and
2. The addition of an identiea] amount of a solid fat (fodine No. 5),
which may be assumed for all practical purposes to be devoid of essential
fatty acids, had no such nullilying effect upon the lipotropic aetion of
inositol (Table IV (compare Groups 2 and 5)).  Obviously some material
in the Mazola modifies the action of inositol. Since glycerides of the es-
sential fatly acids are major components of corn oil, the possibility that
these substances are the agents responsible for the effect is a likely one,
ulthough this point has not yet been definitcly established.

Engel’s report (7) that corn oil augments the lipotropic acticn of choline
appears to be supported by the data in Table I (compare Group 2 with
Groups GA and 6B). Differences in the average values are not of large
magnitude but the fact that fifteen out of seventeen individual values in
Group GA are below the average value for Group 2 (see Fig. 1), coupled with
the good agreement between the results in Groups 6A and 6B, is evidence
that the differences are significant. The data in Table I (compare Group
6A with Group 7A and Group 6B with Group 7B) also appear to confirm
Engel’s finding that inositol brings about a further lowering of liver fat
when added to diets containing an adequate amount of choline, for all
nineteen individual values in Group 7A are below the average value for
Group 6A. Unequivocal proof of the reality of the supplementary lipo-
tropic effects of corn oil and inositol in diets containing adequate choline
would require much larger groups of animals than were utilized in the
present studies.  However, such effects as were observed at the high levels’
of chioline used in these experiments, although small, were in the direction
expected from Engel’s work.

Fractionation of the lipids from Groups 6B and 7B of Series A revealed
that the reduction of liver fat brought ahout by the addition of inositol to
i diet containing an adequate amount of choline is due mainly to a decrecase
i neutral fat (Table I1).

Although in Series I3 the percentage of phospholipid in the different fats
varied widely (6.9 to 60.6 per cent, Table V), the phospholipid levels cal-
culated on the weight of dry, fat-free liver tissue remained practically con-
stantin the livers of the different groups (Table VI), despite the faet that a
number of the diets coutained neither eholine nor inositol and some were
deficient in essential fatty acids. The fact that the total amount of phos-
pholipid wis relativily unchanged whether choline was present or not

W B sy favc D ira N 3 [PTETS NN P R . 3 H .
Sotrante further exmnington of the phospholipid fractions from the animals
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TasLe V
Analytical Data for Fats from [Pooled Livers, Series B
The values are expressed as per cent of total lipid.

Group No. P!h,;’,:,'ﬂ'f' Ch°le§tcr01 Steryl ester} Glyceride§ Ioﬁ,i?; ﬁ:{d"'
Free Esterificd
Basal 7.5 0.66 2.27 3.82 88.0 70.2
1 7.1 0.55 1.42 2.39 90.0 82.8
2 10.8 0.69 2.04 3.44 85.1 73.4
3 6.9 0.54 1.43 2.41 90.2 83.0
4 8.8 0.67 1.72 2.90 87.6 71.7
5 12.3 0.82 1.43 2.41 84.5 70.2
6 47.1 2.70 0.85 1.43 48.8 76.1
7 60.6 3.31 1.76 2.96 33.1 68.8

* Calculated from the phosphorus of total lipid (petroleum-soluble I X 25.2).

1 The phospholipid figures were those obtained by the method referred to as (a)
in the text; values by method (b) were about 13 per cent lower. lHowcver, the
values by method (a) agreed very closely (usually within 5 per eent) with thosc cal-
culated from the weight of fatty acids derived from the phospholipid precipitated
by the method of Sinclair and Dolan (13). In this latter casc, aliquots of the petro-
jeum ether solutions of the total lipids were taken to contain sbout cqual quantities
of petroleum-soluble phosphorus. These were cvaporated to dryness, taken up in
10 ml. of Jight petroleum, and treated with 175 ml. of anhydrous acetone. Pre-
cipitation was completed by adding 0.45 ml. of cthanolic magnesium chloride solu-
tion. The washed precipitates were saponified with 5 ml. of 0.4 ~ alcoholic KOH,
acidified, and extracted with light petroleum. The weight of fatty acids X 1.48
(sce Artom and Fishmuan (12)) was assumed to give the phospholipid in the aliquot.
1 The esterified cholesterol X 1.68 is assumed to give the cholesteryl ester.

§ By difference.

TasLe VI
Nature and Amount of Liver Lipids, Series B
The values arc expressed as per cent of fat-free, dry liver tissue.

Group No. ])?ﬁs&hgl;gi)" Cholesterol Glyceride
Free Esters*
Basal 15.4 1.36 7.81 181
1 18.0 1.39 6.02 ’ 228
2 16.9 1.08 5.37 134
3 15.8 1.24 5.55 209
4 16.8 1.28 5.53 167
b 17.6 1.17 3.44 121
O 16.2 0.93 0,19 16.9
7 8.7 1.02 0.90 10.2

|
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o the different diets to determine what changes, if any, have taken place
in the choline-containing lipids.

The amount of free cholesterol remained praciically constapt in all the
groups but marked differences in the cholesteryl esters were observed.  The
average values, expressed as absolute weight of esterified cholesterol per
liver, were as follows: on the basal diet 36.1 mg., on Diets 1 to 7, 31.4,
21.7,34.6,29.5, 16.0, 2.4, and 4.0 mg., respectively.  The high value found
for cholesteryl esters on the basal diet is worthy of note.  In view of the
prominent lipotropie rdle which has been assigned to inositol in controlling
cholesterol levels in the liver, it was surprising to find that on the diets used
in these studies choline had a much more marked effect than inositol in
reducing cholesteryl esters (Table VI, compare Groups 8 and 6).  Siumilar
observations were made 10 years ago when Best ef al. (18) noted that, in
rats fed a grain diet, addition of choline caused an appreciable deerease
(33 per eent) in the glyceride content of the liver, but a much larger per-
centage decrease (78 per cent) in the steryl esters.  When 40 per cent beef
dripping was incorporated into the grain diet, Best et al. found that the
pereentage decrease in steryl csters occasioned by adding choline was even
greater (87 per cent). A similar but less marked decrease (59 percent)in
steryl esters was caused by choline in grain diets containing 20 per cent, of
Crisco and 2 per cent of cholesterol. Inositol and other lipotropic factors
were undoubtedly present but were constant in the diets under comparison.

When inositol was added to a diet containing the ‘“non-essential fat,”
a definite lowering in the cholesteryl esters took place (compare Groups 4
and 5, Table VI), but when inositol was added to a diet containing corn
oil and choline, no change in steryl esters was observed (Table II}, al-
though a 41 per cent decrease in glycerides was produced. The whole
question of the lipotropic action of inositol and the effect of the nature of
the basal diet on its action merits further study.

Corn oil plus choline gave the lowest cholesteryl esters resulting from
any of the diets used in these experiments (Group 6, Tables V and VI).

The proportion of glyceride in the fats (Table V) shows very wide fluctua-
tions. In gencral, the variations in the other lipid components appear to
be affected to a greater or lesser degree by simple dilution with accumulating
glycerides. While the principal action of choline upon the total amount of
liver lipids as revealed by these studies is to reduce the glycerides, a fact
already noted by other workers using different basal diets and different
supplements, a similur (and in some cases even greater) proportional reduc-
tion in steryl esters is hrought about by this lipotropic agent.

The iodine numbers (Table V) of the fats fell into the order expected of
.ﬂ)('m, 7.¢., the futs of those groups receiving corn oil possessed the higher
wdine numbers,
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The experiments were not designed to investigate the effect of these sup-
plements upon growth, but it is interesting {o note that the animals re-

ceiving choline grew much better and were healthicr in appearance than the
other rats. RBest ¢f al. (‘(ﬂ have "]!C%d‘, noted a similar effect of choline:

101¢ & simuar eilect ot choimne;

McHenry (20) has reported more extended studies of this and has dxscussod
the beneficial influence of choline on growth.

Scaly tail and Occasmnmi}' other signs usually taken as indicative of
essential fatty acid deficiency (21, 22) were sometimes obscrved (particu-
larly in Series A).  Some of the rats receiving corn oil showed similar scaly

tails. It is worthy of note that those groups receiving choline, even in the |

absence of corn oil, displayed little or no sign of the discase. The inclusion
of “non-essential fat” apparently aggravated the condition, for the scaliness
was most marked in Group 4, Serics B.  The real nature of the deficiency
observed in these experiments is not understood. The possibility should
not be overlooked that the various supplements used may have caused
alterations in the intestinal flora, with consequent changes in the B vitamins
and other metabelites synthesized in the gut (23).

The meortality of those rats not receiving choline was quite high due to
the development of hemorrhagic kidneys. A few of the surviving rats
which had received no choline had cirrhotic livers (confirmed by exami-
nation of sections) and all of them had “frosted” or badly pitted kidneys.

A few of the rats in the basal group of Series B, which died of hemor-
rhegic kidneys, had also areas of hemorrhage which followed roughly the
distribution of the pancreas. This phenomenon was not noticed in any
of the other groups. )

Belore any interpretation of the findings can be attempted, it will be
necessary to determine whether the nullifying influence of corn oil upon
the action of inositol is due to the essential fatty acids contained therein or
whether some other component isinvolved. The problem is under investi-
gation in this laboratory.

The authors wish to thank Professor C. H. Best for helpful criticism and
advice in the preparation of the manuseript.  Grateful acknowledgment is
made to Miss M. O’Grady and Dr. C. S. McArthur for valuable help with
the unalytical work involved, and to Dr. T. F. Nicholson of the Department
of Pathological Chemistry for examining a large number of tissue sections.
Part of the expenses of this investigation has been defrayed by a grant, from
the Banting Receareh Foundation.

SUMMARY

1. Corn oil obliterates the lipotropic netion of inositol under the dietary
T innn el
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2. Choline brings about a greater reduction of cholesterol esters than
does inositol under the conditious used.

3. Liver phospho ipid is practically umf‘fcctcd by the removal of choll
inositol, corn oil, “non-cssential fat” from the diet. Thn 2l
these factors cm"b or in pairs did nn’ change appreciably the ainsunt
phospholipid in the liver.
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THIG BEPFECTS OF PANTOTHENIC ACID AND
INOSITOL ADDED TO WHOLE WHEAT BREAD
ON EVACUATION TIME, DIGESTION AND
ABSORPTION IN TIHE UPPER GASTRO-
INTESTINAL TRACT OF DOGS!

Co G BLY, PUW, HEGGENERS AND B, S NASSET
Departmcit of Vitel Ecowonides, University of 1.(1(‘]1('8(()', Roeliester, New Yorl:

TWO PIGUEES
(Reecived Tor puldication January 18, 1943)
INTRODUCTION

In view of the recognized importance of the B- complex
vitamins on gastrointestina] funetion, and on the busis of the
favorabie results on carbohydrate digestion and absorption
with pantothicnic acid indicated by Russell and Nasscet ('41), it
wis Telt that an expanded study shonld be made of f]lc effeet
of thix and other fuctors on the digestive tract. While Me-
Nibbin et al. (*40) and Schaefer et al. (’42) have mentioned
alimentary canal changes in pantothienic acid deficiency, no
report hax included an extended study on the ehronice effect of
pantothenic acid deficiency on gastrointestinal funetion,

Owr object was o study, in jejunostomized dogs, a ehronie
pantothienic acid deficiency with regard to gastrointestinal
motility as well as carbohydeade and protein digestion and
absorption

ENPERIMENTAL

The procedures employed were shimilar {o those outlined by
Russell and Nasset (41) and Lambooy and Nasset ( (’43). In
adult mongrel dogs, Mavdl jejnnostomios were esiablished

PSupported Tuopaet hyowogrant From the Cantinental Baking Compauny,

16
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approvimately 30 e ennded from the Honnent of Treitz
At i
periods), the dogs were placed in a .\Lmding position in a stall
and supported so as fo provide the Teast posible discomfort.
A fwohinnened enthetor with o rabber halloon on {he end was

1

NN . , < TR
12 Bonr after Taot food (20 T~ o the dediciciic)

introduced throuch the fistula well into the lmuen of the gul.
Wlen the catheter was in place, the balleon was inflated
through the suall Tumen with approximately 10 ¢e. of alr, thus
minimizing the loss of food past the catheter. Through the

en of the catheter, the ehyme, ns i passod the

T ‘".1; the et
enterostomy, was drawn by a negative pressurve of 12 cm. of
water into an appropriate veeceiving vessel.

After a pre-feeding collection period of at least } hour to
make corfain that {he infestine was free of food, a wug]led,
analyzed teat meal was fed. Collections of the chynie from the
receiving vessol were made af approximately half-hour in-
tervals, weighed, ~nd ihe pfl determined. The collections
were then placed in a boiling water bath for 15 minutes to
destroy all enzyvie activity, pooled for each experiment, and
stored at 5°C. until the analyve-es were made.

The following fhree methiods were used to determine when
the end of {hie experinient had heen reached s in other words, to
insure fhat the total emptying time reqguired for complete
passage of the test meal from the mouth to the catheter had
elapsed: (1) the occurrence of a negative Benedict’s quali-
{ative sugar test on the collection; (2) the low weights of
the half-hour ('u‘xlwti(m‘w (3) the incrcase of pIl oceurring
toward the last purt of the experiment. The runs were con-
tinued for an additiocual hour or more to make certain that the
infestine wasx emply. Since the emplying tune and gastro-
intestinal motility mus=t bear a fairly close, inverse relation-
ship to cachi other, the former may be taken as a measure of
{he Jaiter.

The bisad dic

control cansis o

whicl doo 1 received to establish a normial

I3}

4
8
Tofwaters and aleolinl-extracted casemn, 259 ;

Aleoboloxtrietod cnevose, 10 hivdvorenaded vegetable oil)

* Privs
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IS5y bone ashy 450 drfed hrowers veast, 1049 ; and salfs,
2000 The <ot wore thoen o sh Phialitn ol omiviore as modli
LU I [, A . ¢ y 1 1 9.

fied by Avnold avd Elvehijom 0°29)) plus cobalt aceording fo
IFrost ot al. (41).

e . . . .
The experimental diet consisted of a whole whoent
made fronm flaue preparved by (i

bread
Jmut flof: tl\}]l ]_HUC(‘\\ Thi:
bread was olifained fresh d;m\' ;md Fed migistened with \\\.h v
about 400 o of Dhread Deing consued. \u dificidiy was
experienced in getting {he d(;gx {o cat the hread, md no ',:mli!:.w
for it was cever ovidenced, even aftor several wonths, The
composition of the diet = given in table 1, the vitwunin content
haviug been determined by Seadock and Liverinore (743).
TABLE 1
nf carperimortal dict.

BRI'AD A= LATEN VITAMIN CONVINE

(ug. /;:"1 fresh M(ui)
Thiamine — 2,73 ({ermentation method)
Riboflavin — 2435 (rat growth)
Pyridoxine — 3.14 (rat growth)
384% Pantothenic acid — 5.2 (haeterial

N 1.67% (protein 50556

Carbohydrate (by hydrolysis)
growth) B

Inositol — 644.0 (veast growth)

\I.I()H — 30,0 (bacterial ;_no\&th,

The dogs were fed the diet plus any vitawin supplements
six times per week and always on the day preceding an experi-
menf. Any dog suspected of coprophagy was muzzled in such
a way as to prevent this, vet to permit the dog to drink water,

N Te L 1YY -1 3 TV 3 !

}\]11(]1 was provided ad hlnmm. The general program of feed-
mg wvas o produce the deficiency, add the pantothenate sup-
plement, reproduce the deficieney by rémoving the supplement,
repeat the test of pantothenate supplement, and then testing
the effecets of other tactors, including pyridoxine and inositol.
o Lo A .

The periods of deficieney and supplementation were alternated
several times to permit detection of progressive ehanees.

Tu adl periods the diets were supplemented with adeguate
amounts of the oil =oluble vitamins A D, 1, ond K, as follows:
A, 200 LU Lesdayvs Dy 10 LU ke oy 100 me ko

R
W, T ke 7w,

‘diy
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The foest eyl Gl intod oF 00 i, of Hn:?'!)l}“;i};:i‘\‘ dried andd

gromnd exporio o DLy e e atees of water
at the beginning of cael crpernnert, after the pre-feeding

collection had been made, It dog o any day refused to eat
the entive test meal or if, for any reason, such as yudue ey
citement or restlessiess, the dog was conxidered not to he
I a nermal state, the experitient was discarded,

Analyscx were made hoth for reducing sugar and totul
carhohydrate by the Shatfer-Somogyi (733) method, and for
diffusible and totul vitregen by the Kjeldald method. From
these data and from analyriz of the test meal the amount« of
carbuhiydrate and protein which had been digested and ab-
sorbed were calenlatoed,

RESULTS
1. Motility

Powas Tound it e gostrointesting! motiity decrcased in
]

two dogs mdutalned ou the whole wheal hread diet sapple-
nientod onhv with the o ealnh'e vitamins, and that additional
pantothenic acid was necessary for the proper maintenance
of that wotili{y.

Dog 1 :howed an average cnpdvinyg time of 3.9 hours for {he
basal period of 4 weeks on {he complete basal diet (fig. 1).
When the animal was fed (10 experimental diet, the emptying
time gradundly iuercased in 7 weeke to an average of 11.8
hours. The administration of caleiom pantothenate ® at a
level of 220 . per kilogran of hody weight per day was hegun
after 9 we Ls on the experimental diet. During the woeel
following the beginning of administration of the vitamin, the
emptyivng thne deereasod from an average of 11.8 hours (thice
experiments) fo a normal average of 5.0 hours (two experi-
ments). Usiig Fisher’s (098) 1 test the probability of this
chfference cevrring by Guaice wass caleulated {o e less {han
Lin 1000 Unfovtanately) thiv animal Lter required aorepair

I Ty A PR L A P DS RAPTY: SR
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oty e to o elosing foruhs aund dicd post-oporatively,
U])(‘l.‘hi‘ii‘ dite o oo [SEEREEES SO B Tl s g ] R OpUiang 3

Death vt nof axerthod 1o the ot EELR
Dog 2, having heen on the experiiacutal dicd nesm by womonth
before experiment= were hegun, was already slightly deficient,

The cruptving e Tor e next 3 weeks inereased {o an

2

£

’-&o

©

z

>

0_8

L

u e e car e o

g 6 2

< -

= 5 o

g x ]

(1} J+4 “: o
[ woa & Qn
g £ 9 zg

@ g W o« > lug

b3 c. G: < .y

3 2 i

b o 3 a | F N
& z < lze
§ b4 L
© = e o

[] F3 » 3 e 5

Time v MonTHS

Fig. 1 Average emptying times for dog 1.

average of 104 hours (fie. 2). Within a week of caleium
pantothenate administration at the same level as for dog 1, the
empiving time dropped to a normal average of 5.6 houre over
a period of a month. Upon vemoval of the pantothenate sup-
plement the emptying time again gradually incroufm;], 1‘c-a'ch—
ing an average of 12.2 hours in 21 mouths, Administration
of the pantothenic acid af two Inter periods when the dog was
i the deficient state resulted in each caze in o prompt return
of the mwoftlity {o normad. On the basis of {hese combined
periods the average cinptyving fime duving the deficicney

periods wis TED hovre (fonrfecn experiiaent=) a~ compared

To G boog - Do A i e at oo Pippe expert
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eenits ), Nonn,

than oo tas, 1o e o _!w!u”‘m\ ol pontotnenie acud oot
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cotonlated prropnia ity of clianes Wi fess

period with dog Tand in three different periods with doz !

M 1
resulted i an averag !
of TO0Sc and st

220 e of el pantotienate per kil

Sinerease tnemptying time above noria
pespectivedy (figs. T and 2). Addition of
rans per day restored
I nppear Nhelv, thorefore, that {lie

the motility {o norimal,

adult dog’s duily pantothenie aeld reguivenwent e somevhere
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between 130 R
Dread, wud 320 e, 7k

Dt (40 o ke sday)y feo w
period of Tisouth ue sgnificant effeet on the deficient GU L
demounstrated, the average emplying thne
104 honrs for four completed runs, or

the amount upplied by the
ol body wdight.

s . 1.- NS 4
s ke of hody weiehi

v ridorine sdrinislration
fanetion conld be

For the poriod bty

6070 over the leeal Jevell Tu three other attenipted runs, the
Ao verdret Bectee alvends vetained e fest meal i the
‘1(IA31..‘."1.1 Coeroonat eolbetion ) Boany thraush the eathoter)
Por T 10 hovr e ofee foading, Doving S poriod Teabings of
b o e Lot e i the onth were notedy

WHOLE WIHEST BEE sl AND Go b Tl n

Y
siopis hod onel boeen

[os
~

thougd the-e ] neervibed fooapy:
deficiency,

Martin eof al. (1) mentioncd consti;
ficient mice, and reported
though nutiitionally ade s
genologically, had a marked stivinlatory effeet on int'(w’(hm]
peristalsis. Andersan (°16) had neted {hat inesitol dosing
cansed a travsitory diarrhea in man and dex. Woolley _’)
has reported the intestinal synthesis of inositel in mice. ITe

wtion in nosioi-de-
that in dogs on a constipaling

Lo diet, inositol, as studicd rocut-

R

also reported that iy viteo synthesis by infestinal dora Gid not
proceed in the absenee of pantothenic acid, and again ('41)
that when =ufficiently high levels of pi wiltothenic acid were fed,
alopecein fregrently did not appear in inositol-deficient mice.
Henee, it was thought that inosito! might he tried to determine
\\ho‘rhu or nol pantothenic acid acted indireetly by \tnmmmnw
mositol prod efion.

&ubmﬂ.n:@o.‘s administ:atice of nositol (up to 32 mg. /day)
had no effeet on the reduced intestinal motility (fig. 2), as
would he expected with the large (though partially unavailable
as phivtin content of ine=itol already present in {he bread
diet (table 1), Subsequent oral administration of up to 500
mg. per day of inositol resnlted in veduction in the emptying
time, one experiment being only 43 hours lonz. Iowever, as
Anderson had noted with a normal diet, the effeet was transi-
tory and the lIength of the time again incrcased to over 10 hours
m 2 weeks,

After 5 to 6 months on the hread diet, dog 2 hegan to show
the effects of a secondary deficieney. After 3 weeks or so of
the pantothenic acid supplementation, the emptyving time
tended to nercase, despite confinued administralion of the
vitamin, Tnereasing the dosage of the vitamin had no offect on
this f(-nd(-m'_\' of the “lute pantothenic acid™ runs,
plicating =alt deficienex .\‘m'm(ﬂ prohahle;

day of the hasal «alt n

A com-
hewee, Sem. per
dxture was added 1o the diet of dog 2

which was alveady veceiving 550 mg of pafoilinie acld per
dave Witho o few doors the conptying fhae Qooreased 1o an
‘ af O0 B hee caperhinent) Govaline nonrhy
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identicad with the early value for parfothenic acid alone
(e )0 T was coneluded that there hiad 1

1 cen a complicating
salt deficieney which ha

N

VRPN
S

NTOYY YT
Vi

ad grow N 1 o over
the months the animol was h(m an the experine u{(:] dict.

Other than the effeet on motility, there were interesting and
possihly signilicant results. During the first deficiency period
for cacli dog, ax the enptytug time increased, the normal sweet
smell of elome was 1(‘11]\:‘1'4;(! by a foul odor identified as that
of hydrogen sulfide, This was not due to back scepage of gas
from the colon of the atonic gut hecauxe, vpon standing, {he
conceutration of the gax in a given collection markedly in-
ercaxed. The odor of the H.S disappeared during the periods
of pantothenic acid feeding, hut veappeaved in dog 2 when
the vitamin supplement was omitted fromw the diet. The muzzle
worn by the dog elinsinated the possibility of coprophagy.
From twelve deficleney experiients, an average of 0.4 mo.
of LS per experimant was oblained by the ase oi. an acrafion
train. Pyridoxine wax ineffective in reducing the amount of
JLS pradueed,

Other observations tended to fit in with a general gastro-
intestinal afony. During thie deficient peviods, the “butions™
of the fistulue becine notably flabby aud atonie, and leaks
from the fistulae developed. ¥ '

2. Digestion and abizorplion of carboliydrate and protein
(sce talle 2)

It was found, in generaly that the average total amounts of
carbolivdvate and protein digestion and absorption stayed
renachably constanl during the different periods, the excep-
tions being the periods of the high inositol supplementation
and of the <1t and pantothenic acid supplementation. Marked
differenee s in the rates were found, however, caleulations
heing hased for dog 1 on the eight basal runs, and for dog 2
on the sine runs of cavly pantothenie acid supplementation.

In hotl doas, the average vates of ':n*].nh\'(}rntv and profein
rked and satistically sig-
plothenie aeid deficieney. T dog 1

dicestion b chearption Show

WLo o WO B e L TR 169
the digestion vates deappod to oty e B! of the noral,

while G adeorption rates dropped o dess than half. The

probability of this differenes helne due nnedlv o (*h;nwt‘ i Jess
than T in 100, The data for dog 2 show ::imilﬂ <'liﬁ'm'rnu‘k<
thangh nef quite as greal) for e vates of digesbon and ab

sorpfion hetween Hw ‘1\'01.1;( of the three (th.w-nt periods
of pantothenic aeid deficiency and that for the three cor-
responding periods of pantothenic acid cuppleentation (figs.
T 12 tible 230 The liffere
pantotheiic acid periods in dog 1 awe uot siguificant. Pyri-
doxine supplementafion did not alter the course of the
deficieney

cale hetw o basal and

Inositol exhibited a marked influence on the rates of earvho-
hydrate and protein digestion and absorption. Relatively
small doses (up to 33mg /day) bad no signifieant effects.
Large oral doxes (up to 500 mg./day or 325ug./kg. /day), how-
ever, exerfed marked effects. The rale of carbohydrate diges-
tion dropped to 5890, and that of protein digestion to 44%
of the average rate in {the pantothenic acid period; in-each
case this was lower than the rates of the deficiency periods.
The average rates of absorption dropped much more, that of
carbohydrate to 379 and that of Protein to only 17% of the
rate in the period on pantothenic acid supplement, both ob-
viously highly significant decreases.

The irritating cffeet of inositol on the G.I. tract seems
to be well-illnstrated here, although an attempt was made to
minimize the eathartic action by giving the inositol only with
the regular daily meal and not with the test meal. A study
of the protein absorption veveals this effeet most elearly. The
very low average folal absorption and rate of absorption,
coupled with the facet that two of the four analyzed rans showed
rates of — 3% ‘hour and — 1.2 liowr abzorption, respec-
tively, indicate marked stimulafion of <ceretion, and perhaps
diminished capacity {o absorh wafer, reseMing in the vecovery

of more nitves cnhad been dnee<tod. Thi= seeni= con-
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LOSSES 0 B VITAMINS DUE TO COOKIN(
OF FOODS*

VERNON H. CHELDELIN? ALETHEA M. WOODS AND
ROGER J., WILLIAMS

University of Texas, Austin

(Reecived for publieation Mareh 22, 1043)

' Mt?ch 1lnfornmt10n has been obtained recently regarding the
d}s:nl'}blltl())l of the various B vitamins in natural foodstuffs
(Waisman and Elvehjem, ’41; Lane, Johnson and Williams,
) . § . . v -' . . I3 -7

42; Cheldelin and Williams, ’42). However, information is
!ess complet.o regarding the amounts of these vitamins present
in foods as they are actually eaten.

In a previous paper (Lane, Johnson and Williams, '42) the
losses in thiamine due to cooking were determined for a large
number of foods comprising the average American diet. The
present investigation deals with similar losses in six other
vitamins: ribofiavin, nicotinic acid, pantothenic acid, biotin,
inositol and folic acid.

EXPERIMENTAL

Selection and sampling of foods

Vegetables, fruits, milk and eggs were purchased in nearby
markets in as fresh condition as possible. Meats were, with
few exceptions, obtained from a single wholesale butcher so
that it was possible in most cases to be assured of freshness of
the samples. Fish were bought as frozen commercial prod-
ucts.* Perishable foods were kept at 0-5° C. until they were

: Prosmftcd before the Division of Biological Chemistry at the 104th meeting of
the Amcrican Chomieal Seeicty, Buffalo, New York,

* Present address: Department of Chemistry, Oregon State College, Corvallis,
Oregon,

! Birds-Eye.
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prepared for assay. These preparations were made within a
few honrs after procnvement of the samples.
Procedure

The microbiological assay methods developed in the Uni-
versity of Texas Laboratories (Williams, 41) have been em-
ployed thronghout for each of the six vitamins herein dis-
cussed. ’

All food extracts were prepared by digestion with takadi-
astase and papain according to the general method described
previously (Cheldelin, Eppright, Suell and Guirard, ’42). This
procedure has proved to be quite satisfactory for preparation
of oxtracts of natural materials, although it has not been con-
firmed generally for use with cooked foods. It is possible that
in certain cases vitamins which have become ‘‘bound’’ by
cooking and thus rendered unavailable to microorganisms (or
to the reagents used in various chemical tests) may still be
available for animal nutrition. This is apparently true for
thiamine in some tissues (Lane, Johnson and Williams, ’42).
Satisfactory animal assays are not available for several vita-
mins, however, and in the absence of further direct evidence
we have chosen to employ the digestion procedure mentioned
above. Vitamin losses which appear to be very large may
warrant reexamination at a later time.

RESULTS

Tables 1 and 2 contain the details of cooking and the results
of the analyses of samples of thirty foods before and after
cooking for the six vitamins mentioned ahove.

Lane, Johnson and Williams (’42) have pointed out the dif-
ficulties in estimating the amounts of cooking waters to be
used or disearded in the preparation of foods. In an effort to
standardize these factors we have included cooking waters and
meat juices as part of the cooked samples except in a few cases
where the cooking waters were assayed separately and dis-
carded. The values in table 2 therefore tend to represent
maximum amounts of the various vitamins present after
cooking.
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FOOD

Meats
2 Beef round

. Beef liver

. Beef liver

. Beef heart

deef heart
Pork loin

. Pork loin

. Pork loin
. Bacon

. Bacon

. Ham

. Ham

. Veal chop

. Veal chop
. Lamb leg
. Mutton shoulder

. Chicken leg

. Chicken leg

. Chicken breast
. Chicken breast
. Balmon
. Halibut

. Halibut

Vegetables

. Beets

Jooking water

. Beets
. Beet tops

Jabbage
., Carrots
Jauliflower

. Cauliflower
~32.
33,
34,
35.
. 36.
~37.
38.
39,
¢ 40.
41,
42.
-43.
~ 44,
45,

© 46.

Onions
Potatoes
Cooking water
Potatoes
Jooking water
Lima beans
Okra

Rice
Sauerkraut
Spinach

Split peas
Sweet potatoes
Turnips
Cooking water
Turnips

Fruit

Apples

Epgs and milk
Eggs
Eggs
Eggs
Eggs
Milk
Mitk

TABLE 1

Details of the cooking of various foods.

WATER

WEIGHT ’

TIME EDIBLE
MANNER OF COOKING oF OR FAT | BEFORE | AFTER
COOKING | apDFD cooxmal COOKING
Minutes am. gm. am.
Fried in open pan 15 1 40 30
Fried in open pan 10-15 1 40 35
Fried, covered pan 10 16 94 75
Stecamed 30 93 190 210
Steamed 30 50 100 150
Fried in open pan 10-15 0 40 29
Fried in open pan 10-15 0 45 28
Fried in open pan 10-15 0 68 43
Fried in open pan 5 0 41 17
Fried in open pan 3-5 0 22 13
Fried in open pun 15 0 54 30
Fried in open pan 15 0 59 37
Fried in open pan 10-15 0 42 30
Steamed 30 84 170 180
Roasted, 300° F. 120 0 690 550
Steamed 30 66 133 199
Fried in open pan 10-15 0 41 35
Fried in open pan 10-15. 5 69 46
Fried in open pan 10-15 0 31 29
Fried in open pan 10-15 0 31 29
Fried in open pan 20 3 111 97
Fried in open pan 7-10 2 126 104
Bteamed 30 0 5 5
Boiled, covered kettle 40 266 133 124
140
Steamed 40 190 380 570
Steamed 10 20 40 60
Steamed 30 25 100 125
Steamed 30 25 50 75
Steamed 20 120 120 240
Steamed 30 50 100 150
Fried in open pan 20 29 208 53
Boiled, covered kettle 30 200 190 200
190
Boiled, covered kettle 20 360 180 210
210
Steamed 60 10 5 15
Steamed 20 15 30 45
Steamed 25 60 30 90
Steamed 30 0 5 5
Steamed 10 50 100 150
Steamed 40 100 50 150
Baked 45-60 0 2200 1700
Boiled, covered kettle 40 114 114 118
90
Steamed 20 22 22 44
Buoiled, open kettle 20-30 1300 3400 2300
Serambled, open pan 10-15 8 150 139
Serambled, open pan 10-15 1 50 46
Baked 30 ] 100 100
Scrambled, coverced pan 5 0 100 04
Heated, glass dish 30 1] 100 100
Heated, open metal pan 15 0 100 100

! The numbers in this column correspond to those in the first column of table 2,
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TABLE 2 Losses of certain B vitaming during cooking * |
»

| RIBOFLAVIN : NICOTINIC ACID ANTOTHEN( 4.
R o — - e
FOOS ' Tatul content { ! Totul content Total content
T T T e : Liosg T T T Xlnﬁﬁ T T e
Before After ' Before After Before After
Meats sy uy. G up. uy. 2 o, 73
1.2 Beef round K8 69 20 1800 1700 5.5 190 130
2. Beef liver 1100 1300 0 4700 5200 0 2200 1900
3. Beef liver 2400 2300 4.2 14000 14000 { 0 } 8600 7400
4. Beef heart 1700 1700 0 15000 13000 13 | 3400 1900
5. Beef heart 890 950 0 8700 7400 15 2000 1400
6. Pork loin 130 87 33 1500 410 72 .. 280 200
7. Pork loin 90 75 17 2300 1500 35 260 190
8. Pork loin ; 100 72 L o8 6200 4200 32 320 200
9. Bacon ‘ 43 51 Lo 1 110 110
10. Bacon i 69 63 ' 87 920 940 0 220 170
11. Ham L 140 110 ey 1800 1700 55 180 220
12. Ham | 150 125 17 1900 2200 ' o0 ! 390 300
13. Veal ehop : 59 59 0 3000 2600 | 13 | 110 94
14. Veal chop . 380 400 0 1200 1100 | 8.5
15. Lamb leg 1700 1700 () 52000 42000 " 19 4100 3600
16. Mutton shoulder 330 330 L0 5300 5300 0 570 570
17. Chicken leg ‘ 110 110 o 1800 1600 | 11 320 250
18. Chicken leg ‘ 170 160 5.9 2200 1800 ;18 360 240
19. Chicken breast 40 40 S0 2900 2800 | 3.4 180 140
20. Chicken breust | 3300 3400 i 170 160
2], Salmon l 160 160 0 7100 6600 . 7.0 730 740
22, Ilalibut P10 86 | 22 9400 9200 2.1 140 140
23. Halibut \ 2.2 2.2 0 710 670 5.6 9.5 9.5
i
Vegetables i ‘
24. Beets i 51 42 18 740 340 | 54 170 130
25. Cooking water | 10 0? 270 | 18°? 9
26. Beets | 230 230 0 2300 890 61 | 420 260
27. Beet tops 86 74 14 240 230 4.2 56 36
28. Cabbage 1 57 48 16 210 170 19 180 130
29, Carrots ! | | i
30. Cauliflower 150 130 13 780 610 . 29 950 970
31. Cawliflower C120 100 17 530 550 0 1000 940
-32. Onions i 50 37 | 26 i
33. Potatoes 95 86 | 0.4 1600 1100 31
34. Cooking wuater 14 ‘ 03 490 0.6°
35. Potatoes : 92 52 | 43 2600 1800 | 27
36, Cooking water 40 Loo® 700 o
7. Lima beans ‘ 6.6 68 | 0 49 57 0 42 31
38. Okra : 32 34 P 210 210 0 | 69 81
39, Riee 16 18 ) 170 220 0 ! 110 110
~d40. Sauerkraut 2.0 1.9 50 8.5 8.0 5.9 ! 2.7 .7
41. Spinach 220 160 o7 510 430 16 ! 160 150
42, Split peas , 8 93 0 j
43. Sweel potatoes 910 790 13 9980 9500 4.8
-44. Turnips : 48 3 i 10 11060 660 Kl ‘ 160 94
45. Cooking water 8 Lo0? 440 | o° | 54
6. Turnips : 15 16 0
Fruit [ . '
47. Apples L 580 430 | 25 . !
Epgs and wmilk
48. Egus | 655 341 8 | ‘
49. Bgys } 205 160 28 i |
50. Fggs 360 380 0 67 50 25 | 1400 1500
51. Kgps ;260 380 ] 1
52, Milk J 166 87 | 4R
53. Milk 166 130 I 22

' The amounts of respretive vitamins given in this table are those found in the number of £
food nnalysed shown in the last two columns of table 1.
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RIOTIN INOSITOL FOLIC ACID
content ' Total content Total content
T ~  Los#s Logs |7 Losa
After Before After Before After
un. . % my. mg. % K. rg. Yo
0.43 Co63 18 16 11 42 8.7 79
18 L 60 22 15 32 130 110 15
- 540 630 0
11 " 66 420 420 0 11 3.6 67
1.5 . 69 290 330 0 160 12 92
1.9 Co14 18 13 28 26 8.0 69
0.62 P64 20 13 35 61 3.2 95
0.47 CO66 25 20 20 57 5.4 91
2.0 Lo3s 18 7.5 58 . 25 1.9 2
1.4 T 14 12 1 35 2.6 91
1.8 |44 17 18 0 31 3.9 87
1.8 | o5 34 27 21 70 4.2 94
0.30 34 15 16 0 69 29 58
2.0 [ 41 54 32 39 160 55 66
15 Lo 400 310 24 800 100 88
2.4 b3z | 68 77 0 100 31 69
1.3 [ 79 : 61 22 64
3.7 . 35 | 26 22 15
1.4 .30 10 10 0
0.84 Y43 21 14 33 63 21 67
4.5 .24 19 19 0 98 37 62
8.4 i 30 24 18 25 67 36 46
0,32 b3 7 7 0 6.0 1.3 74
120 7 94
5 90°*
1.1 0 80 43 46 170 50 71
1.0 9.1 8.3 3.9 54 84 22 74
2.8 0 95 62 35 65 5 92
24 24 I o 48 12 97
20 13 96 93 b3 190 23 . 88
10 28 | 110 60 46 110 34 | 69
i
5 190 14 93
13 i 86
150 6 |96
4 | 93
0.37 24 8.4 3.3 61 17 1.6 I 91
1.8 0 16 16 0 16 4.5 72
0.48 0 7.9 3.1 L6l 26 21 092
0.11 0 15 1.2 I 20 093 0.93 0
5.1 14 27 20 26 170 27 84
7.3 21 160 78 95
130 6 95
‘ 8 . 89
0.51 0 | 10 11 0 1 15 | 86
|
i 19 20 0 110 38 65
4.5 0 110 76 31

Losses of ccrtain B vitaming during cooking?

TABLE 2

J

" Famibers in this column correspond to those in the first columm of table 1,

UM waters assayed separately and ineluded with food samples.
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Riboflaviun

As has been pointed out previously (Williams and Cheldelin,
'42), riboflavin losses during cooking tend to he greatest in

e
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N

AT | 3 urTr
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the presence of light, Large losses,
in the eooking of eggs, milk and pork chops.

Riboflavin losses sustained in the absence of light are, on
the other hand, remarkably small. Steaming of meats or vege-
fables results, for the most part, in small or negligible losses
of this vilamin. Similar observations have been made for
meats by MeclIntire and coworkers (’43). The thermostability
of riboflavin is indicated by the very slight destruction in
baking sweet potatoes and roasting lamb. The contrast be-
tween losses in the presence and absence of light is especially
marked for halibut, eggs and milk.

The opacity of many foods tends to prevent excessive de-
struction of riboflavin even in the light. Bacon, for example,
fried for a relatively short time, retains essentially all of its
riboflavin,

The apparent gains in riboflavin found with some samples
are probably not significant. Substantial gains (greater than
10%) are often recorded with materials of relatively low po-
tency where the accuracy of the assay method is poorest. In
any case the assay method is probably accurate only to -+ 10%.
This qualification applies not only to riboflavin assays but to
the others as well.

Nicotinic acid

Nicotinic acid is known to be quite stable to heat. Losses in
cooking would therefore be expeeted to be slight. This is true
for most of the samples listed in table 2, with the exception of
pork chops, eggs and beets.

The small losses observed for meats are markedly lower
than thoxc reported by Waisman and Elvehjem (’41) and Dann
and Handler (’42), using chemical methods of assay, although
Meclntire, et al. (’43) observed only slight losses in eooking of
pork when microbiologieal assays were used. Since the re-
sults were obtained for different samples the reason for the

B VITAMINS IN COOKED FOODS 483

discrepancies is not apparent, 1{ is possible that chemical
changes in the antipellagric factor whicl acceopany heating
may niot be reflected in the niicrobiological assay.

Pantothenic acid

Pantothenic acid losses are seen from table 2, to be moder-
ate to slight among vegetables and eggs, as well as among
such meats as bacon, ham, mutton and fish which are here
subjected to relatively mild Leat treatment. Beof heart and
beets are exceptions. Frying of beef or pork for fonger periods
of time results in loss of about one third of the vitamin present.
The results with meats are in gencral agreement with the data
of Waisman and Elvehjem (’41), although the present losses
are somewhat smaller for pork.

Biotin

Biotin losses among vegetables are moderate, ranging from
28% in steamed cauliflower to no loss in beets, cabbage, okra,
rice, sauerkraut, and turnips. There is likewise no loss of
biotin in frying eggs. ’

Losses in biotin among meats are generally higher, reaching
72% for fried chicken leg. Severity of heat treatment does not
seem to be directly responsible for increased losses, since beef
heart loses about 60% by steaming 30 minutes, whereas roast-
ing of lamb at 150° C. for 2 hours results in practically no loss
of biotin. -

Inositol

Inositol losses among meats are quite variable, but are
moderate in most cases. In gencral smaller losses are observed
among samples which have been subjected to relatively mild
treatment such as steaming (mution, heart, and halibut). The
greatest loss (58%) is found for one sample of fried bacon.

In contrast to most of the other B vitamins, inositol losses
in cooking of vegetables are often much greater than those
encountered for meats. Losses are especially high among the
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legumes, with split peas losing 95% of their inositol content.
In view of the «lability of inositol foward heat, this is sur
pllbll g ¢ "p(ci l\ since the \evelu\ of heat treatment of the
vegetables tested was much less than that for most of the
meats. It seems likely, therefore, that the losses observed may
be due to “‘binding’’ of the vitamins in various tissue combina-

tions rather than to thermal destruction.

Folic acid

Of all the vitamins studied, folic acid showed the greatest
loss due to cooking. With the exception of liver and sauer-
kraut, which retain the bulk of their folic acid content, losses
among meats range from 46% in halibut to 95% in pork chops;
losses in vegetables range from 69% in cauhﬂower to 97% in
carrots.

The reasons for such large losses are not known. Althouoh
the vitamin is unstable to light, it is not readily destroyed by

autoclaving in the dark in the pH range common to most foods.’

It seems likely that folic acid may become ‘“bound’’ in tissues
during cooking. This may be investigated further at a later
time.

SUMMARY

Cooking losses as determined with microorganisms, have
been determined in thirty foods for riboflavin, nicotinic acid,
pantothenic acid, biotin, inositol and folic acid. These are
summarized below.

VITAMIN DEGREE OF LOSS DURING 0GOKTNG
Riboflavin — Destroyed in variable amounts in presence -of light; negli-
gible losses in the dark, N
Nieotinie acid — Generaily slight.
Pantothcuic aeid -— Moderate to slight in vegetables; somewhat larger (up to

one third) in meats.

Biotin — Moderate to negligible in vegetables; quite high in meats
(up to 72%).
Inositol — Generally moderute among meats, with steamed samples

only slight; often very great (up to 95%) in vegetables,
egpeeinlly in leguines,

Folie acid - - Very great for most foods.
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STUDIES ON THE METAPOLISM
OF MYO-INOSITOL IN ANIMALS

fL.C Card No. M:c £3-7470)

Robert #ermpan Cacts. PRD.
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by the rat, 20-40% of the administered dose being excreted
into the respiratory CO.; within 8 hours, Peak specific ac-
tivity in the CO; is reached in 1 to 2 hours.

Most of the effort in this phase of the work was devoted
to the study of the inositol to glucose conversion, Incorpo-
ration of label into the glycogen was found to be quite slow,
periods greater than 3 hours being required to attain ap-
preciable specific activity, The specific activity of each
carbon of the glucose from the glycogen was determined
using a Leuconostoc mesenteroides fermentation with sub-
sequent chemical degradation of the fermentation products.
The label distribution was found to be predominantly 1,6,
with the label divided almost equally between these posi-

_ tions.

Radioactive glucuronic acid was isolated from the urine
by column chromatography and identified by paper chro-
matography, The specific activity and distribution of label
in the urinary free glucuronic acid indicated that, although
some of this substance is formed {from glucose, most of it
arises more directly from inositol, The urinary glucuronic
acid is apparently entirely of the I=)-furm, and not a mix-
ture of isumers as indicated by the in vitro studies of
Charalampous (J. Biol, Chem., 228: 1, 1957),

The data which were obtained w were considered in the
light of a scheme for glucurenic acid metabolism pre-
sented by Burns (J. Am. Chem. Soc., 79: 3604, 1957). Glu-
cose produced by these reactions should be predominantly
labeled in positions 1 and 6; however, it is felt that carbon
6 would have significantly more label than carbon 1. Pos-
sible reasons for the deviation of the observed label dis-
tribution from theoretical are discussed.

The evidence cited suggests that conversion to glucuse
by way of glucuronic acid plays a role in the over-all me-
tabolism of myo-inositol, However, the fact that respira-
tory CO; reaches a peak in specific activity much sooner
than glycogen, and the discrepancy between the observed
and the expected label distribution in the glucose strongly
suggest the existence of one or more other pathways for
this metabolism, A preliminary account of the results
huas been published in Biochim. et Biophys. Acta, 28: 666,
1958, Microfilm $2,00; Xerox $5.00. 100 pages.




A NOTE OF THE INFLUENCE OF INOSITE UPON THE
Lalniilon Oy Paktivl IN THID DOG.

By HARRY DUBIN,

(B B didac Har 3o Depa-tiocnd of Resiered: Vedivive, Uiidiers iy
of Poronilvascio, Plilad i)

(Reveived for publication, November 27, 1016.)

A result of his worlh on the utilizidion of inosite, Anderson?
covind that i the dog, aftor feeding 2 lmown st of innsite,
be could recover in the feces up (o 77 per cant of the amount,
while the wiine contained only wivhng! amounts,  In nian® 9
pereentowaes yecovered i the weine while none ot @1 eonld ho
derionsfratad i the feeess The question oy (o whad hoppens
to the rest of the wosite is left open.

In accordance with the helief that inosite is a hex xahydroxy-
benzene® and that inosite undergoces haclerial fermentation in the
miestine it scoms plausible to cousider the possthility that the
henzene fraction nay e s))lu off, thus giving rise to phenol.?
Conseenert! it s thoueht vortd while (o {ry {o demonsirte
an inerease in {he phienol (mm*nl of the wrine after feeding fnosito.s

The vesults of =uch feeding wre shown in the table, and it is
evideni that o “extra™ phencl sppears i e urine upnss the
rpestion of nosite, 5o that the role which this substance plays
i mctaboliony is sGl in doubt
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As for the actunl feeding and recovery of mosite, the yesults
obtained corroborite those of Anderson.'
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Effects of Massive Doses of P-Aminobenzoic Acid and Inositol on
Reproduction in the Rat.

~ BENJAMIN H. ERSHOFF.

From the Emory W. Thurston Laboratorics, Los Angeles, Calif.

A few years ago Martin! found that al-
though rats grew adequately on purified ra-
tions containing 6 B complex factors (thia-
mine, riboflavin, pyridoxine, choline, nico-
tinic acid and calcium pantothenate), addi-
tion of inositol resulted in retardation of
growth and a number of early deaths. Similar
adverse effects were noted following the ad-
ministration of p-aminobenzoic acid but not
when p-aminobenzoic acid and inositol were
fed concurrently. Subsequent studies with
rats have not confirmed these results,” al-
though Sure® observed a toxic effect of
inositol on lactation and Ershoff and McWil-
liams* noted reduced fertility when inositol
was fed along with purified rations contain-
ing both p-aminobenzoic acid and sulfa-
guanidine. In the present experiment rats
were raised to maturity on purified rations
containing massive doses of p-aminobenzoic
acid or inositol and the adequacy of such

diets for reproduction was determined.

Procedure and Results. Forty-two female
rats of the Long-Evans strain were selected
at 23 days of age and an average weight of
41.8 g. They were kept in metal cages
with raised screen bottoms to prevent access
to feces and were fed ad libitum the 7 diets
listed in Table I (& animals per group).
They were weighed weekly, and vaginal
smears were taken daily from the 48th day.
After the 60th day the animals were bred
to males of proven fertility.

Growtk. No significant difference in rate
of growth or gross appearance was observed
except perhaps in the rats fed diet C. After
60 days the animals on this diet averaged
173.8 g in weight; average weights for those
on the other diets ranged from 184.2 g on
diet G to 204.8 g on diet F.

Reproduction. vo significant difference
in reproductive performance was observed.

TABLE 1.
Composition of Experimental Diets.

Dietary component A B C D E ¥ G
Casein* 30.0 130.0 30.0 30.0 30,0 30.0 30.0
Salt, mixturet 4.5 4.5 4.5 4.5 .5 4.5 4.5
Sucrose 65.5 64.5 63.5 64.5 63.5 65.5 55.5
p-aminobenzoic acid 1.0 2.0 1.0
Inositol 1.0 1.0
Folic acid 0.0005
Yeastt 10.0

To cach kg of dwfs A- F were added 80 mg thiamine ln dl()l ll]ondc 20 mg riboflavin, 20 mg

pyridoxine hydrochloride, 100 nig «
naphthnquinnnv and 1.2 g choline chloride.
naphthaquinone und 1.2 g choline c¢hloride.
following supplement 3 times weekly:

caleium puntothenate, 100 mg nicotinie aeid, 3 mg
To each kg of dmt G were added 5 mg 2-methyl-

In addition cach rat on diets A-G received the
500 mg cottonsced oil (Wesson), 1.0 mg alphua-tocoplerol.

‘.3 -methyl

and a vitamin A-D concentrate containing 50 U.S.P. units of vitamin A and 50 UK. P, units

of vitamin D,

* Vitamin Test Cascin, General Biochemicals, Ine,, Chagrin Fulls, Olijo.

t Sure’s Salt Mixture No. 1.5

1 Brewers?® type yeast No. 200, Anheuser-Busch, Tne, St. TLouis, Mo,
| Nopeo Fish O;1 Concentrate, assaying 800,000 U8 units of vitamin A and 80,000 T.S.1,

units of vitumin D per gram.

I\Lnnn (.ustd\ I Amo J. Physiol., 1942 13“,
124, '
2 Ershoft, K. I, Proc. Soc. Exe. Bion. axp
Men., 1944, 56, 190,

3 Sur(-, Burncti, J. .\'ulr[tl’uu, 1043, 26, 275,

1 Ershoff, BB. H.,, and McWilliams, H. B., Proc.
Soc. Exe. Bion. axp Mep,, 1943, 54, 227,

5 Sure, Barnett, J, Nutrition, 1941, 22, 499,
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All the rats cast litters, although in 3 in-
stances the initial breeding proved unsuccess-
ful. Number of young per litter varied from
2 to 13, with averages between 7.2 and 8.4
on the several diets, An average of 0.8 to
1.2 young per litter were born dead (omitting
one litter on diet C which consisted of 9,
all born dead). In all groups the voung
averaged 5 to 5% g at birth and appeared
grossly to be normal in all respects.

Lactation. At birth litiers wete reduced
to 6 each. The young were nursed and
weaned on all diets except E and F. On
each of diets B, D and G, 3 mothers suc-
cessfully nursed their young, which were
weaned at 21 days of age at average weights
of 36 to 41 g. Two litters on diet A were
nursed, but only 5 of the 12 young survived
until weaning (average weight at weaning,
228 g). The one litter weaned on diet C
consisted of 3 survivors, average weight

CARDIAC PAIN AND PRECORDIAL ANESTHESIA

246 g.

The findings indicate that the massive
doses of inositol or p-aminobenzoic acid exert-
ed no deleterious effects on growth or repro-
duction and that lactation may occur on
diets containing 1% p-aminobenzoic acid or
inositol. The cause of the poor lactation
is unknown, but deficiency of folic acid was
probably not a factor. To judge from the
work of Maynard and Rasmussen?® failure
of lactation may have been due in part to
insufficiency of dietary fat.

Summary. No adverse effects on growth
or reproduction were noted in female rats
fed purified rations containing 1% p-amino-
benzoic acid or inositol. Lactation was in-
adequate both in control and experimental
rations, although some young were weaned
on each of the above diets.

8 Maynard, L. A, and Rasmussen, E., J. Nutri-
tion, 1942, 28 383,
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Lipotropic Action of Inositol.

J. C. Fornes.

From the Medical College of Virginia, Richmond, Virginia,

It has been shown by Gavin and McHenry?
that the fatty livers which result from the
administration of Dbiotin to rats on a high
carhohydrate-low protein dict are very re-
sistant to the lipotropic action of choline but
respond readily when inositol is given in ad-
dition. A recent publication by McHenry
and his associates® shows that inositol is ap-
parently inactive against the fatty livers
which develop when thiamine is the only
member of the B-vitamins fed, however,
when riboflavin and pyridoxin, or these plus
additional B vitamins are given in addition
to thiamine, inositol is definitely lipotropic.
Engel® also has shown that inositol exerts a
lipotropic effect in the absence of biotin in
the food. The results obtained in the present
investigation are in good agreement with
those of the above authors.

In order to conirol scattering of food, es-
pecially during the deficiency period, the food
was made up as a concentrated aqueous solu-
tion containing insoluble material in suspen-

sion. This diet had the following composi-
tion:

Casvin, vitamin free, Labeo brand 120 ¢
Suerose 1200
Salt mixture (Wessoa)d 36
Cellu flowr B* 12
Percomorph oil, 50 0.5 ce
Water, distilled 960 7

Vitiamin B-complex as given in text

Experimental. White rats weighing 70-90
g were put in individual cages and fed daily
10-15 cc of the above diet, supplemented
with 3 mg of thiamine chlorld(, per 1200 g of

1 (x.l\m . d))(l ’\‘I(H( m\, l' \V
1941, 139, 455,

#Gavin, G, Patterson, J. M., and Melenry,
EoW, Jo Biel. Cliem., 10473, 148, i_‘T.')

3 Bngel, ROW, JL Nulrition, 1942, 24,175,

4 Wesson, L. G, Seicnec, 1062,

* Obtained from Clicago Dictetic Supply House,

J Biol. Che m.,

75, 330,

Clicago.

sucrose. A 15 cc Folin and Wu pipet with
a broken tip was used for measuring it. The
amount given was so regulated that it was
completely, or almost completely, consumed
cach day. After the animals were on this
deficient diet for 3 weeks they were put on
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PREPARATION OF
additional supplements for a period of 9-11
days, following which the animals were sacri-
ficed for lipid analyses. These supplements
were always given at the following levels,
riboflavin 9 mg, pyridoxine hydrochloride 6
mg, calcium pantothenate 21 mg, niacin 21
mg, and biotin 60 y per 1200 g of sucrose.
Choline chloride and inositol were adminis-
tered as recorded in the accompanying table.

The animals were rapidly exsanguinated
by decapitation at the end of the supple-
mental feeding period. ‘Their livers were
removed, weighed, and after grinding in a
mortar, analyzed individually for neutral fat
and cholesterol.  The intestinal tract was
removed and the animal skinned, after which
the neutral fat and cholesterol content of
both the bodies and skins from each group
was collectively determined. The analytical
procedures have been described previously .6

From the experimental results, which are
recorded in Table I, it will be seen that the
lipotropic action of inositol in the absence of
biotin from the diet is confirmed. The effect,
however, is much less than one would expect
from choline under the same conditions. The
effect of choline plus inositol is greater than
of either alone but the data are not sufficient
to show whether they act synergistically or
not. The effect on liver cholesterol is, on the

CorticotTroriiic HORMONE

whole, less than on the neutral fat, The small
amount of biotin used in experiments 3, 4 and
5 did not apparently influence the lipotropic
action of the inositol, neither did it increase
the lipid content of the livers in the absence
of inositol. These results are contrary to
those obtained by McHenry and his asso-
ciates! but it is possible that if we had used
larger amounts of biotin, choline-resistant
inositol-sensitive fatty livers might have been
obtained.

The neutral fat content of the body and
skin of those animals receiving both choline
and inositol is greater than that of the cor-
responding animals receiving these individu-
ally. Whether this is due to an increased
food intake, as suggested by the greater rate
of growth of these animals, or to a stimulat-
ing effect on fat synthesis, cannot be stated
at this time as fcod intake was not sufficiently
accurately controlled to justify definite con-
clusions.

Susnmary. The lipotropic action of inositol
in the presence of other members of the
vitamin B-complex has been confirmed. The
effect of inositol plus choline is considerably
greater than that of either alone.

Clin. Med., 1940, 25, 1157.
6 Forbes, J. C., J. Nutrition, 1941, 22 350.
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METABOLISM O /YO INOSITOL IN RABBIT KIDNEY AND 1N MAN

NORBLRT FREINKEL, GABOR ANTONY*, JHHOLLIS ROWTLLIAMS Axp

BIERNARD ROLANDAL

Section of Pndocrinology and Mitalolisi, Departients of Medicine and Bioche mistiy, Novthioestern
Uniecrsity Medecal School, Chicago, 1., Ty partent of Medicine, Case-1Western Reseria University
School of Modicive, Cleveland, Ohio and Mevel Tustifute Jor Therapeutic Research, Raliay, N.J.
(1854

(Recerved Octaber 1yt 19H0y)

SUMMARY

myo-, 2-1C Inosito] was incubated with slices of rabbit kidney cortex and was
admivi-tered to anornual subject. Glucose and lactate, in the media from the incuba-
tions and in the blood of the subject, were isolated, degraded, and assayed for thic
HC distribution in cach of their carbons. Distribution of 1'C in glycerol from the phios-
pholipils in the slices was also determined. V'Cwas primarily in C-1 and C-0 of glucose
with greater activity always in C-6 than in € 1. 1C was primarily in C-3 of the lactate
and glyeerol . These distribations are consistent with gluconcogenesis from inyo-11C i
nositol i kidney proceeding ofa the glucuronic pathway and pentose evele, This
premise ix strengthened by acomparisen with the labeling patterns in glucose and
lactate obtained onincubating kidney slices with [0-1CHructose.

INTRODUVCTION

Coaratanrovs of ol found that homuogenates of kidney mctabolized mnvo-
inositol and th visolated an enzyvme from kidney which converted myo-{2-11C linositol
to 1-'5-1C lucuronic acid. HOWARD AxD ANDERSON® isolated D-15-VChplucuronic
acid from kidney slices after incubating them with myo-{2-1Clinositol. Glucose is
formed from nyo-inositol by rabbit kidney shices (N. Freisiir, unpublishied obser-
vation) and this gluconcogenesis can oceur {rom b glocuromic acid by a well established
sequence of reactions involving first the conversion of 1le b-glucuronic acid to p-
xvlulose and then subscequent metabolism of this pentose via the pentose cyeler,
Posirryan and co-workers™® administered mye-12-1C inaositol, myvo- 2= 11 ositol
and ve- 1641 inositol to philorizin-treated rats and found distributions of ¢ and
T in glucose inurine in aceord with metaboliong by thiese reactions.,

Present auddress: Dyepartiment of Medicine and Pediatric s, University of Vermont Collese of Medi
dne, Burlington, Vi, 1OS0AL

Biochim, Biof s Aeta, 2on (g0 15 133
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ave - z-UC Inositol metabolized by these reactions would be expected to vield
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Isamerizatien of the 43-“(:'gl_\'t‘u‘l':x](l<1\)‘(1(& 3-phosphate to 5;-"(I](lih‘\,'(ll‘o:\'»\'u(‘c.tt»xu-
3-phasphate and then condensation of these triose phosphates, catalyzed by aldolase,
should vicld 1,6-"'Ciglucose ws would cleavage of the [6-11Cl{ructosc 6-phosphate 1o
the (rinse phosphates, thetr isomerization and recombination,

ANDERSON AND Cours? gave myvoe- 2-2'Clinositol to rats and 8-12 b post-injec-
tion found in each of three experiments about So®,, of the 1C in the glucose unit
of ver and mascle glveogen in C-1 and C-0 of the unit. In two of these degradations,
the activity in C-1 exceeded that in C-6.\While extensive cleavage of 16-9C fructose
G-phosphate to 320 triose 3-phosphate and then resynthesis could approach equal
tabeling in € pand C-0 there is no good explaiation, by presently accepted pathways,
for greater aetivity in Co1 than C-0. Indeed, as Howard AXD Axpersos? noted, "¢
would have heen predicted 1o be largelv in C-6. Thus, glicose from glyeogen ol white
blood cellx imeubated witl p-'5-11Cixvlose contains MC almost exclusively in €6
(ref. 8). Howagn axp Axbrrsox? have attributed the migration into C-1 to “secon-
dary processes occurring during the Iong residence of the glacose in the kidney”. In
support of this they noted that P A WeiNgorn (unpublished data) found consider-
ably higher activity in C-0 than C-1 obglucose from urine of phlorizin-treated rats
given ivo-"2-1C inositol, Ghicase was assumed to remain in the kidney for a longer
time in the normal than in the phlorizin-treated rat. However, How ajb AND ANDER-
sON® further noted that there still was substantial activity in C-1 and that the mech-
ni=m by which this occurred remadned to be elucidited. CHAROLLAIS AND POSTERNAK!
found 52,670 of the MC in arinary glucose from phlorizin-treated rats given nivo-
[2-1'C iinositol in C-1 and C-2 of the ghweose and 55.2° in C-0.

The dstribution patterns in glucose observed by POSTERNAK, ANDERSOX AND
Coors and WeinaoLn may he consequent at least in part to metalolizm of the Tabeled
myo-mositol in tissues other than Kidney and perliaps to some extent from reeyeling
of nyo-inositol vesynthesized fronn glacose®. We have degraded the glicose and lactate

ta
‘

formed slices of rabbit kidneyv cortex from 22-MC Imyoinositol and compared the
distributions with those obtained on incubating 16-1C Hructose with sHees and -
ministering myo-12-1Clinositol to o novmal subject. We have also examined the
distribution of Tibel in the glvcerol of the phosphoghveerides formed during ineuba-
tion of kiduey slices with azyo 1200 “nositol,

Bioclive Bioplvs, Aeta, 201 (1a50) 425 153
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AT RIALS A AT TIODS
Prewhativie of Folney stices witlh nivo- 2-2C inositol ‘

Slires (o5 onpmm thickness) of the cortives of the kidney from rabbits were
meubated o modified Krebs Ringer bicarhonate buffer of composition 120 ml
NaCL oM SO 2 mdE MaSO,, 0.8 mA Cally, 1.2 md KHLPO, and 25 mM NallCO,,
B he vabhits had cither been fed astandard stock diet or fasted 24 h helore killing.
450 300 myg of shees were incubated jneach flask, The medium contained ghicose at
aoconcentration of o, 35 ov 120 g per 100 mlowve-lz-1C Inositol (purchased from
talbinchem, Lot No. 880435, specific activity 17.8 mC/mmole) was added at o con
centration of S ek

Incubation was 1, 3 or 4 i The slices were then removed and frozen in Heguid
N, and the media were then frozen, The media were subsequently thawed and chilled
acetone wits udded i equal vohnne to aliquots from cach medium on ice. The resulting
suspensions were centrifuged and 3oo g of eacli supernatunt was applied for chro-
ratography {except for experiments designated 5 and 7 where the media were
deproteinized by heat coagulation and 200 g was applied). Chromatography was
performed m two dimensions on Whatian No. 1 filter paper as described elsewhere?,
The application site was overlaid with 20 ;g of glucose, The first dimension was with
jonophoresiz at qoun Vfor 3o min in pyridine acetic acid -water (r:70:28¢, by vol.)
at ptls 7 The second dunension was with ascending cliromatography in isopropancl -
paridine avetic ackd water (8:8:01:4, by vol). This clearly resolved Inctic acid and
the area containing the metate was cut out and eluted with water. Carrier lactate
was added wnd an alicquot of the solution was evaporated and then combusted to CO,
fo give the total "C activity in the solution. The lactate in the remainder of the
solution was degraded® to give the activity in each of it- three carbons, In the tables,
to follow the activity of each of the carbons of lactate is given as a percentage of the
suin of the activities in the three carbons which have heen set equal to 100, Percent
recovery recordod i the tables s the percentuge of the activity in the solution as
deternined by combustion which this sum represents. Percent recoveries serve as a
measure of the adequacy of the izolation and degradation. Recoveries were in general
Go To0,.

Although the chromatography clearly resolved glucose and mve-inositol, speci-
mens obtained folowing incubation disclosad some streaking in thie glucose area.
Accordingly glucose spots were cluted, cancentrated and reapplicd for ascending
chiromatogray @y in third dimension in z-butanol ethinol - water (52:30:18, by vol).
The glucose spots were then cutl out and eluted with witer, an aliquot combusted to
CO, and the C activity in the CO, determined. The remainder of the solution was
then incubated with Lewconostoe mesenteroides to vield C-1 of glucose as CO,, C-2
and Cog as ethanol and C-q, Cos and C-0 as Tactate®, The ethanol and lactate were
degraded as previously deseribed 1o viekl cach of the carbons of glucose as €O, and
the CO, was assaved for 1C activity . Results recorded i the tables o follow are as
for Tactate except that the sum of the activities in the six carbons has heen set equal
te 100, Percent recoveries are the pereent of 2C in the solution recovered in the indi-
vidual carbons of glucose. ITn geneval, vecoverios were poor and beeause of this, for
cach ol two sanples, o glocozazone was made fron i aliquot, The activity in the
plucosazone wis in good agreement with the sunn of the aetivitios in the indis idaal

Dioclaw . Biog o eta, 200 (iajer 105 4 s,
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DISTEIRUTION 0F PO IS Grrcose FORMED FROM 0 vo- {2210 INOSITOL BY RABBIT KINDNEY SLICES

Foapt, Copditiog. MO ghiecose earbon /\’1‘1‘«1."1'1}—'
N Bictars Medin Tucbation -1 -2 C-3 C-3 -3 -0 (")
sl olucos freriod
(miglrool) (k)
I 7ed 35 1 10.9 3.1 7 2.3 1.8 50.2 So.g (. n*
2 Jed 120 1 31.4 7.8 2.0 3.2 3.2 52.5 821
3 IFed 15 4 17.6 1.1 0.0 1.8 10.3 50.2 52.0
ar I'ed 120 3 25.5 < eoeo— 1i.4 - —-—--> Luost
5 JFast 35 I 2.8 71 2 2.9 39 387 73 (roo.2yr
O Fast 35 4 10.5 7.7 3.0 5.5 5.8  6bo.g 820
o Recovery in osiizone in parcatheses.

o Nctivitiesof Corand C-2 C-gare recorded as the pereent of the activity in the glucose obtained
o, - cainbn tion,

carbon<. Thix 15 evidence that the activities attributed to the tadividual carbons of
ghicose were indeed of glucose and that a non-osazone forming radinactive compound,
contaminating the sample, did not yvield 1*C in the products of degradation. MuxTz!
has ulso noted the specificity of the degradation in the presence of contaminating
stihstances.

In one experiment (Table 1, Expt. 1) the glucose was converted to gluconic
ackd with glucose oxidase and the glueonic acid purified and degraded with HIO, to
yiehl C-1 ax €Oy, Caz Co5 s formie acid and C-6 as formaldehyde and these products
were assaved for Cref. 12)) The evidence for the adequacy of the procedure was
establishad by degradations of "1-1C glucose and - 0-11C iglucose.

Shees were homogenized in a glass homogenizer containing 4 ml of chiloroforn--
methanol (201, by vol). The homogenates were centrifuged, the volume adjusted to
exactly 1o mlb with chloroform anethanol (211, by vol), and the phases separated
with 2l ofwater™ The Hipid extractwas washed three additional times with “upper
phase” (ref. 13) and partitioned into neatrad lipids and phospholipids as previously
described™. The phospholipids were subjected to mild atkaline hydrolysis and the
water-soluble glyeerylphosphoryl-base units isolated’s. Glycerylphosphoryleholine
and glyeervlphosphoryvletharolamine were eluted, pooled and then hydrolyzed for
24 howith ; ml 2 M HCHafter adding 2o pg of carrier glyeerol. The hydroly=ates were
taken to drvness i wacio to remove HCL They were resuspended in water and then
clhromatographed two-dimensionally on Whatiman No. 1 filter paper with phenol
water acetic acid ethaygol (g:r:r:r.2, by vol) descending [ollowed by isopropanot -
pyridine acetic acid water (0:8:1:4, by voll) ascending. The spots were localized
by rudioautngraphy and only two radioactive spots were diseernible. One spot had
the ehromatographic and staining characteristios of glveeral reference markers and
it was cut out, and designated as “plyeeral”. The second had the characteristios of
glyeerophosphate. To docunment its identity further, it was cluted and reapplied for
imaphoresis at gooo V' for 3o min in pyridine acetic acid water (r:10:28¢, by vol)
at phl 3.7, Tt remained homogeneous and displaved the jonophoretio charcteristios
of glyeeropliosphate. Towas therefore cut out and designated “glvecrophosphate’.

Carricer glvecrol was added 1o an aqueons extract of the glyveerol spots and tHe
resulting solntions were incubated with derobactor aerogenes. Thi= hacteria converts
glvcerol fo Tactade and the Lctate was iselited and degraded and the resulting CO,'s

Docakiim, Biopby Acta, 2010 (1a70) 125 433
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assived oy 1O (ref 0) One-glveerophosphate sample was hydrolvzed Dy ineubation
with alkaline phosphatasc, The hydrolvzate, after addition of carricr glveerol, wis
pirsscdb down acmised bed ioncexchange resin (Amberlite MB-3, Rolnn and Haas Ca,
Philadelphiag Pas, Ui ) and the ghveerol o the efffuent was degradd u=ing L1
A e

Diewbalionrs of Mdpey slices with v 0-1C  fructose I

Inone experiment p-60-1Cifructose (117.6 pg/ml, 0.8 HC/ml purchased from
Nuclear Rescareh Corp., Orlindo, Fla) was the labeled substrate rather than mye-
2 HCanesitol, bat unlabeled pve-inositol was added at 8.4 pe/ml Glucose was
Present at a conventration of 35 mg per 1oo ml. Two flasks were incubated, one witl;
shees of cortex from o fed rabbit, the other with slices from a fasted rabbit and the
former ineubation was for ©h and the Jatter for 4 1 At the completion of incubation
the media were heat coagulated and filtered. Analysis by a glucose oxidase method
showed .8 mg/roo ml ghicose remaining in the Aask incubiied for 11 and 0.8 mg per
oo mlin that for 4 I -

A portion of the medium was chromatographed in two dimensions as deseribed
above. The lactate spot was then eluted and the lactate degraded and assayed. The
remainder of the media was passed througlt a column packed with Amberlite AMB-3.
Efiluent and aqueous washings from the column were evaporated to a small volume
which was applied to Whatman 3 MM paper. Descending chromatographv was per-
formed veing o ebutanol acotic acid water (4:1:5, by vol) svstem with fructose
and glucose guide spots The crea corresponding to glicose was cluted und the cluate
was passed through another Amberlite MB-3 column. Carrier glucose was added and
the <olution degraded using Lewconostoc mesenteroides. A radioactive non-osazone
forming contaminant was again present. This was considered to possibly he sorbitol,
but treatment of an aliquot of the solution with sorbitol dehydrogenase did not
vield radiouctive fructo.c on chromatography.

Administration of myo-"2-9C linositol to (z‘ir(»/'mu] volunteor

neye- 222G Tnositol (Calbiochem,. Lot No. C-103061, specific activity 1 mC /ml),
50 pC, after autoclaving in saline was injected intravenously into a 23-year-old
female volunteer (wt. 7.2 kg, height 5°37) who had been fasted overnight. 100 ml of
blood was drawn at 1, 2 and ;5 I after the injection, The blood was introduced into
700 m! ol water and precipitated with roo ml o.15 M Ba(O11), and roo ml 3%, ZnSO,
(ref. 16). The supernatants fronr the samples obtained at 1 and 3 h were passed through
@ colmnn of Duolite C-3 in the I form and Duolite A-y in the OH form (Diamond
Alkali Co., Redwoud City, Calif,, VS AL The ciffuent and aqueous washings of the
column were evaporated o a small volume whicl was applied to Whatman 3MM
paper and chiromidographed in the butano! acetic acid water system. The glhicose
wis solated, degraded and the degradation products assayed for YC as deseribed
above,

The supernatant fluid from the 20 period was evaporated 1o about 20 ml,
acidificd to pH 1 with o5 A TLSO,, carrier lactate was added and the sohution wiis
then continuously extracted with dicthy] ether, The dicthy ! ether extract was nen
tralized with © M NaOH and evaporated, The lactade in the residue wis purified on a
cebte columm'™ Y then degraded and assaved as deseribed shove,

Biocking, Biophys. Jola, 201 (1705 425
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Fhe i oribtion of 0 on the ol ose formed fram arve 2 100 iyonitol Chable )

by the shees ol Tidney 2Bowed omvite pritnarihv in € 1 oand C-00 Thore wins g Nee
asamcielbivityin C-asin Coin the 1 b experiments and 25 357 s e i

o

e phesperiente There was e activity in Co2 Coy i the experingents of
Aol dimstions Nedditterone o oo i tion: of dictarny state or the concentration of
glucesc i the medinn are appuront,

The " mthe glieos s fram the Dload of the nonnal subject given e 20
mositol (Talide T ddso was pritnry in C-1 and C-60 There was 7O and 850 s much
activity 1 O 1w C-0 i the gheeose fiens the blood drawn 1 oand Jhyrespoctinely,
after e o 20 Cinasitol mjection and greater vandonizdion of C into € 2 5
at 3 b than a1

Lactate isolate from e o dimm aftor the ineu? tions of loxpiss 1 and 3
(Table T contaimed 1C privneriiy in C-3 while the Tactate from the Blood of e
nonnal ubjeot (dravn 2 hoafter the pivo- 2 1Cinosital adinini<tration) hos FOUL s
much o fivity in Cor as Co,

Glveerol isolated frons the plaospholipid Traction contained activity prinariiy
i O (Table 1YV,

TABE 1
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I the menbadions of 10-UC fructose with rabbit slices (Table V) there was one-
forwrthe ws vael MC i Copas C-6 and again 70 was primarily in these carbons, Incor-
[ R
poration of Y an lactiade was primarilv i C-3.

DINC =100

In no instanee have we observed oogrester activity i C-1 than C-6 of glucose
as was reported by Axpersox axn Coats". The distributions in glicose we observe
arean accord with the wetabolism /g the glucuronic acid pathway and pentose cvele.
These vesults docuwment Ju vifro what bas been presumed to occur in the kidoey from
studics 7 erve. Inthe slice experinent (Table 1) the incorporation into €-1 can he
attribinred Lo both the cgnitibyation of the 3 2 C glveeraldelivde 3-phosphate formed
via these pathways (see axtropvetiont with dibivdroxvaccetone 3-phosphate and
then formation of glucoze, and the cleavage of fructose G-phosphate formed (row
the mve 2.0 iosito] inte the tricse phosphates, their equilibration and then for

mation of glueose, fecs

e Hefrructonc-t s [ VO coratdeted -2 110 VI Jrruetase 641

dihydroxs s etene-v-F 11.6-1C Juluense

The significance of the lesser incerpevation into C-1 relative to C-6 after 4 h
of incubation thau after the carlior time pericds Is uneertain because of the limited
number of expeciments perforned. The extent of incorporation into C-1 compared to
C-0 wourld be dependent upaon the vate of somerization of glveeraldehyvde 3-phosphate
to dilivdroxvacetone 3-phosphate relarive to the rate of formation of the glucose and
these rates could have changed with the, The greater activity in C-2 C-5 at 4 h
than at the covlier hours is i accord with ineoreasing vandomization with time of the
PCanto oxaleas vtate and pyruvate e the veactions of the Kiebs eyvcle o the svn-
thesis of glurose frong these compounds. The distribution of 2C o Taetate (Table 11
< alsoin cocord with such metabolisin soith the B0 i C-3 refllecting formation from
230 edyveeraldehvde 3ophosplicte aae (e V00 Copand Co2 reflecting vandomizad ion

i

cla the renctions of e Nrebi- oeveles sav szvesinositol can be synthesdzed Trom

glucose by kidoey <heest™, the DO distritations could conceividbly be conscquent in
sorne degree to the metabolisim of 0C Lbelod srvedness ol formed from the *'C Tabeled
clucose in tur formed from the powe 2200 voedve] added as Jabeled substrate. This
contiibition was aliost cortainly neghob b Do consideration ol the dilution of the
ol the pve-2-0C Hinositol dwring th veev el and the Timited amount of Conversion
af plucese Lo HIvo- imositolt, -

The distitbutions of 2C i the ghucese from the blood of the \»-\l]\j('n (e e

Lol iiog! A o (g e gy

Iy
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2-BCnositol are similar to - those obtained using the Kidney shces, though there

perhaps was a tendency o greater incorporation into C-1 relative to C-6 by the sal)
=

mosdtol without lactade as an intermedipte, H the glucose has heen formed from

(5-"Cilactate one would expect glueose with 1'Cextensively in (-2 C-5 1 accord

with the metabolisim of the carbons of Tactate in the Krebs evele prior to their con

version to glucose!,

Ject Most probably the glucose in the Blood wis formed primarily from vo- 210 -

C-1 10 C-0 ratios when ' 6-1C fructose was substrate were in general Jower than
when o 2V Crinesitol was substrate. M oin kidney the  6-1C fructose wis phos-
phorvlated to [6-2Cilrurtose 6-phosphate rather than  0-3C fructose 1-phosphate
thiswould be expected sinee incorporation into C-1 froni the 6-"'C fructose cou’! then
onlv occur through cleavage to the triose phosphates and then resvithesis, The data
wosldindicite that much of [6-1 fructose s phosphorylated Lo 10-1'C Hructose
O-pdesphate since cach nilecule o7 0-1C iuctose 11 sphate would vield in its
furtber metabelism o motecule of [3-1CTHglyeeraldilivde 3-phosphiate and this would
then favor incressed tncorporation into C-1. In accord with this the activity in the rat
of the enzyme fructokinase, catalyzing the formation of fructose 1-phosphate, is
several-fold Tower in kidney than in liver®. In liver where the fruciose 1-phosplate
patlivay iz so active, C-1 of glicose formed from 6-1C {ructose does have 70-807,
of the activisy of C-0 (ref. 113, This is also the case for blood glucose when '6-1C -
fructose i~ administered to man (J. Marsiary, [0 Crats, Ko Hesti1ork axn B R
Laxpac, unpublished observations). '

The considerable activity in C-1 in two degradations of glveerol formed by
Kidney shiees and in the blood lactate from the subject given miyo-2-1Clinositol
remam unexplained. The glyeerols would be expected to reflect the distribution in
gheerddelivde 3-phosphate and hience iave activity primarily in C-3 and the lactate
should be expected to have a distribution <imilar to that seen in the experiments
m ovilro, .

Node wlded v pronf (Received December 18th, 1660)

Since submiizsion of this paper Hankes o @7t have reported a study of the metabolism of
myoinositol in hemans. In three normal subjects three nonpentosnric kindred of subjects with
pentosaria, two hours after admini-tration of myvo-"2-11C inositol 3129, and 48 139 of the
C i blood Tacase wins recoversdin C 1 oand C-o respectively, a distribution similer (o that in
our one subyect,
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INOSITOL: A LIPOTROPIC FACTOR
Sirs:

It was reported by us last year that feeding a beef liver frac-
tion to rats causes the production of acutely fatty livers containing
large amounts of cholesterol. The production of these fatty
livers is only slightly affccted by giving choline but is completely
prevented by the simultancous administration of lipocaic. Using
a procedure similar to that for the preparation of lipocaic, we
have prepared extracts from liver, pancreas, kidney, muscle,
wheat germ, ycast, and rice polishings and have found that these
are all effective in preventing this type of fatty liver in rats. It
has been reported by us that the same kind of fatty liver can be
produced by supplying rats with biotin in conjunction with thia-
mine, riboflavin, pantothenic acid, and pyridoxine.

In studies on the prevention of the “biotin” type of fatty liver
in rats we have fed inositol. This substance prevents the de-
velopment of the acutely fatty liver and the accumulation of
cholesterol in the liver. The prevention of the fatty liver has
been sceured in three series of animals, in each of which groups of
ten rats have been employed.  In these experiments on rats the
action of inositol thus resembles that of lipocaic.

Schoul of Hygienc GERTRUDE GAaviN

University of Toronto L. W. McHexry
Toronlo, Canada

Received for publication, April 21, 194]
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* THE EFFECTS OF BIOTIN UPON FAT SYNTHESIS AND
METABOLISM

By GERTRUDE GAVIN anp E. W. MclIENRY

(From the School of Hygiene, University of Toronto, Torento, Canada)
(Reccived for publication, August 2, 1941)

In previous papers (1, 2) we reported that the administration to
rats of an alcohol-soluble fraction of beef liver caused markedly
fatty livers, characterized by a high content of cholesterol. Co-
incidentally there was a gain in body fat and body weight. The
fatty livers thus produced differed from the thiamine type of fatty
livers in that they were not prevented by supplyving choline but
were prevented by feeding lipocaic.  In a continuation of this work
we have found that biotin exerted an action similar to that of the
erude liver fraction.

Methods

Rats were employed as test animals.  The strain, age, and carve
were the same as previously reported (3). Basal Diet 1 (3) was
used throughout. To deplete the rats of their stores of B vitamins
and of fat, they were fed only the basal diet for 3 weeks. At the
end of this period body weight and body fat had definitely dimin-
ished. During the following weck various combinations of supple-
ments were administered to different groups. Thiamine,
riboflavin, pyridoxine, ealeiumn  pantothenate, nicotinic acid,
choline, and the crvstalline biotin solutions were given by sub-
cutancous injection.  Supplements other than those previously
mentioned were mixed with the food.  Vitamin and choline sup-
plements were given in the following amounts per rat per day,
unless otherwise indicated: thiamine hydrochloride (Merck) 25 v,
riboftavin (Merek) 20 v, pyridoxine (Merck) 20 v, caleium panto-
thenate (Merck) 100 v, nicotinie acid (Iastman Kodak Company)
100 v, choline hydrochloride (British Drug Houses), ealeulated as
choline base, 10 mg., biotin (kindly donated by 8. M. A. Corpora-

619
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620 Effect of Biotin on TPat
. . . . . . TanrLe 1
;1&;1) 5 v, lipocaic (generously furnished by Eli Lilly and Company) Eficet of Bzotzn upon Fat aml Cholesicrol Meiabolism
mg. LS A
The rats weic killed by stunning, the livers removed, and tot) Series Tty erydo chotosiarol
crude fatty acids in the livers and bodies were determined by mieth. Ne. Supplements
‘ods previously published (3, 4). By means of the Schoenheimer I | Liver ! Body | Liver | Body
and Sperry procedure (5), the total cholesterol in the crude fatty per cent per cent|per cent per cent
acid fraction of the liver and body was deterinined. Al reported I} None, 3 whs. depletion . 2.4 1.7
. All isolated B vitamins, choline 9.51 6.5
reSL.IIts are averages for groups of ten rats, except for one group in Same + liver fraction el 17
Series 4. ' “ 4 biotin (S. M. A.) 17.8 | 5.9
Effect of Biotin upon Fat Synthesis 3 ! Nonc,-;_ wks. dc(pslilt,:)(:ll ot T glem) 1:2 (15; 0.32 | 0.15
Series 1-—A liver fraction, similar to the one used by us (2), All isolated 13 vitamins, choline, biotin
C e . ] . 24 hrs. 4.0 2410.22]0.18
has served as a source of biotin in other laboratories (6-8). It 8 ' 71! 300310710
seemed advisable to ascertain whether biotin would produce a 72 « 14:1 14 0:50 0j26
fatty liver, not preventable by choline, resembling that caused by 5 days 18.3] 6.1]0.80]0.26
the liver fraction. A solution of biotin, prepared in this laboratory 7 0“ 179 7.210.9310.25
from the liver fraction by the method of Gyérgy, Kuhn, and 4 | None, 3 wks. depletion _ 3.3 1.7]0.35/0.22
v . . " All isolated B vitamins, choline 11.2y 7.7 10.71]0.30
Ledever (7), and several commercial solutions have been tested. Same + biotin (5. M. A.) 193] 8210809
The total crude fatty acids in the liver and body at the end of the “ 4« (erystalline) 7.8 | 7.3 125 0.25
experiment are given in Table I.  The biotin solutions exerted an 5 | All isolated B vitamins, choline 13.2] 6.3]064]020
effect upon liver fat similar to that of the liver fraction. Same + biotin (S. M. A.) 13.5| 6.5/0.6710.25
Series 2—Preliminary experiments showed that biotin would not 6 | None, 3 wks. depletion ) 3.6| 1.910.16 | 0.12
. ) o i . All isolated B vitamins, choline 6.7 5.7[0.35]0.22
cause fatty livers unless other B vitamins were supplied. The Same + lipocaic 45| 63020017
effect of the known B vitamins upon the activity of biotin was | "« 1 biotin 56| 591079 016
investigated. Acutely fatty livers were not produced unless ] “ 4 %} lipocaic 37| 781010018
thiamine, riboflavin, pantothenic acid, and pyridoxine were sup- —
plied with biotin. In the absence of thlamme there was no evi- TasLe
dence of fat synthesis.  An additive effect of the various B vita-  Fgect of B Vitamins upon Fat Synthesis by Biotin in Series 2
mins was also evident. The total crude fatty acids in the liver Biotin. . + + i+ P+ + !+ ]+
and body are given in Table II. Thiamine. . . . . + | + + 1+ + | + | +
Serics 3—The rate of development of fatty livers in rats fed lsib()ﬂavin...u... + + | + + | + + +
biotin was investigated. The results are given in Table I. Data ;)'sr}(;““@the"ﬂte- + + |+ + + + +
regarding liver and body cholesterol are also included. .\"ic:)tio:ilcniéi a i i ::_' 1‘ 1 + + i
Series 4-—In the series reported above the biotin solutions were Choline. . .. T B D
all comparatively crude.  In addition {o the two mentioned, biotin —_— | — | — L
solutions kindly contributed by Merck and Company, Inc., and by ! "“:: f_’(;“d" fatty
The Flcischmann Laboratories showed similar activity. Ir'l :?” ':iv';‘lr S% Cdsslisalior 255286 a0 ess
these cases it might be said that the results were not due to biotin Bod\, % ,,,,,, 1.71 5.6 f 69118 3657 58 6.1] 5.0

but to an impurity contained in the preparations. Through the e
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courtesy of Dr. du Vigneaud we have been able to test the activity
of crystalline biotin. A solution of biotin methyl ester was sul;.
plied to us by Dr. du Vigneaud. Because of the limited amount
available it was necessary to use only five animals. The biotin
solution was injected subcutaneously with a dosage of 5 v per rat
per day. It will be observed that the crystalline material had an
effect similar to that of the crude solutions.

Series 5—1t has been reported that raw egg white will inactivate
biotin in vive (9). In this series a basal diet consisting of agar 2,
salt mixture 4, sucrose 84, cod liver oil concentrate 0.015 parts was
used. Each rat received, in addition, 4 cc. of raw egg white per
day mixed with the basal diet. Under these conditions the biotin

/_“
1 4+ B1oTiN
S
60
S5 —BroTiv
50 '.'.:.-
DIET DERCIENT IN "B VITAMINS

‘o i 1 b Fl L L

S 0 15 20 25 DAYS

F1a. 1. The effect of biotin upon the body weight. During the supple-
ment period thiamine, choline, riboflavin, pyridoxine, and Ca pantothenate
were administered.

solution did not cause an increase in liver fat. We regard this as
further evidence that biotin is the active agent in causing this type
of fatty liver. .

Series 6-—1t has been reported that lipocaic would prevent the
development of fatty livers when the beef liver fraction was given
(2). Lipocaie was cqually effective in preventing the development
of fatty livers when biotin was administered, as is shown in this
series.

Biotin also resembled the active factor in the liver fraction by
causing an increase in body weight, as shown in Fig. 1, A similar
liver fraction has been employed as a source of factor W (10).
It seems likely that the effect, ascribed to factor W, of eausing
weight increases might have been due to biotin, acting in conjunc-
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tion with the other B vitamins.  Other workers (9, 11) have noted
the effect of biotin in causing an increase in the body weight of rats.

Effect of Biotin upon Cholesterol M ctabolism

In Series 3, when biotin was given, the increase in cholesterol
in the liver paralleled the increase in liver fat.  Crystalline biotin,
as well as the crude biotin solutions, caused the amount of choles-
terol in the liver to be greater than in the control group receiving
all the isolated 13 vitamins and choline, as shown in Series 4.
Further proof that biotin is coneerned in cholesterol metabolism is
offered in Series 5, since raw cgg white, given with biotin, was able
to prevent not only an increase in liver fat but also an increase in
liver cholesterol. Lipocaic, which prevented the increase in liver
fat caused by biotin, maintained the liver cholesterol at a low level,
as shown in Series 6.

DISCUSSION

Evidence has been presented which indicates that biotin is the
active factor, in the alcohol-soluble fraction of beef liver, which
causes the amount of fat and cholesterol in the livers of rats to be
increased. Final proof that the beef liver fraction owes its activity
in producing fatty livers to biotin could only be supplied by the
isolation of biotin from the fraction. The following points of
evidence are cited to indicate that our assumption is valid: (1)
Crude solutions of biotin from several sources exhibited the same
physiological action as did the liver fraction. (2) The activity of
the crude biotin solutions was obliterated by the simultaneous
feeding of egg white. (3) Crystalline biotin had the same phy-
siological action as had the crude solutions of biotin, and as was
shown by the liver fraction in producing acutely fatty livers
containing large amounts of cholesterol.

Simultaneous administration of lipocaic prevented the increased
fat and cholesterol in the liver caused by biotin, while choline was
incffective in this respect. Choline was able 1o prevent the de-
velopment of the thiamine type of fatty liver but not the type
caused by liver fraction or by biotin.  We shall refer to this latter
kind of fatty liver as the biotin type to distinguish it from that
caused by thiamine.  Previous reports have shown that the pro-
duction of biotin fatty lvers can be prevented by lipoecaic-like
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extracts made from wheat germ and other sources (12) and also
hy inositol (13).

Biotin produced an acutely fatty liver in a comparatively short
time. A significant increase was observed in 24 hours and {he
maximal level of liver fat was sceured in 5 days. It should be made
clear that the production of these fatty livers was not due simply
to withdrawal of fat from the body. Coincident with the de-
velopment of fatty livers there was a marked increase in the
amount of body fat. In Series 2 the quantity of body fat was
inereased 2.5 times in 5 days, owing entirely to synthesis, since no
fat was furnished in the diet. 1t seemed possible that the produc-
tion of the fatty liver by biotin was due to accumulation of choles-
terol in the liver. This may be true, but the increase in liver
cholesterol did not oceur prior to the production of the fatty liver.
Biotin did not increase the amount of cholesterol synthesis, but
did augment the quantity of cholesterol in the liver,

Engel reported (14) that pantothenic acid caused the same type
of fatty liver as that produced by the beef liver fraction. Our
results show that choline does not completcly prevent the de-
velopment of fatty livers when thiamine, riboflavin, pyridoxine,
and pantothenie acid are supplied. The liver does not, then, con-
tain the large amounts of cholesterol evident when biotin is given.
The amount of liver fat can be augmented by giving pantothenic
acid in conjunction with thiamine, riboflavin, and pyridoxine, but
the amount is much further increased by also supplying biotin.
The cffeet of biotin is not secured lnless thiamine, riboflavin,
pyridoxine, and pantothenic acid are also furnished. The com-
bined action of these five vitamins is necessary to secure the biotin
fatty liver, which completely resembles that produced by the liver
fraction.

SUMMARY

Impure solutions of biotin from several sources and pure biotin,
given to rats in conjunction with thiamine, riboflavin, pyridoxine,
and pantothenic acid, caused fatty livers similar to those produced
by feeding a fraction from beef liver.  The fatty livers were char-
acterized by a high content of cholesterol.  The effeet of biotin
was prevented by simultancously feeding egg white, lipoeaie, or
inositol. Tt is concluded that beef liver fraction owes its activity
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to its content of biotin.  Biotin had, also, an additive effect upon

body weight, similar to that ascribed to factor W.

This iuvestigation hus been assisted by a grant from the Division
of Natural Sciences of the Rockefeller Foundation.
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COMPARISON OF THE LIPOTROPIC EFFECTS OF CHOLINE,
INOSITOL, AND LIPOCAIC IN RATS

By GERTRUDE GAVIN * JIEAN M. PATTERSON, ano K. W, McHENRY

(Eram the School of Hygiene, University of Toronts, Toronto, Canada)
(Reccived for publication, January 29, 1943)

In a preliminary communication (1) we reported that inositol would pre-
vent the development of that type of fatty liver, characterized by a high
content of cholesterol, which is produced in rats by the administration of
biotin. The lipotropie action of inositol has been studied with other types
of fatty livers and has been compared with the effeets of two other lipotropie
agents, choline and lipocaie.

Methods

Rats have heen employed as test animals.  The strain, age, and care have
been previously deseribed (2). To diminish the stores of B vitamins and of
fat, the animals were fed Diet 1 for 3 weeks. During the 4th week the
diet was varied as indieated for each series, the composition of the diets
being given in Table 1. Vitamin supplements were administered during
the 4th week in the quantities previously used (4); the amounts of choline,
lipocaie, and inositol used in each series are given in Tables 11 and I11.
Estimations of total erude fatty acids and of cholesterol were made by
methods previously reported (2, 4).  Results of these determinations arce
given as averages for groups of ten animals,

EXPERIMENTAL

Serics A~ This series was planned to compare the effects of choline,
lipocaic, and inositol upon fatty livers caused by biotin.  Diet 1 was fod
throughout the experiment. During the supplemental period all animals
received thiamine, riboflavin, pyridoxiue, nicotinic acid, and caleivm panto-
thenate; choline, hiotin, inositol, and lipocaic were administered as in-
dicated in Table T1.

Series 3 Since the results of Series A had indieated that, inositol was
concerned with cholesterol metabolism, it scemed advisable to {est its
effect upon rats fed cholesterol in a fat-free diet.  Dict 1 was given during
the depletion period and Diet 2 during the #th week with thiamine, ribo-
flavin, pyridoxine, nicotinie acid, and ealcium pantothenate supplied to all
animals.  In those groups which received choline, an increased amount
(30 mg. per rat per day) was administered, since Best and Ridowt (5) had

* Deeensed, November 9, 1012,
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shown that lar

fatty livers in
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ge doses of choline would partially prevent the production f

rats fed cholesterol.

Tanry |

Composilion of Diels

Constituent ! Di
Cascin, Labeo, vitamin-free.. . ... 10
Agar.. ... 2
Salt mixture (Steenbock-Nelson Salts 40 3)).... 4
Suerose........... . 84
Cholesteral......... .. ... . ... 0
Corn oil (Mazola).. ... ....... ... ... .. ... 0
Cod liver oil coneentrate (Ayerst, McKenna, and
Harrison).. ... ... Lo,

Averages for Groups of Ten Rats Obtained during

()

S ——
iet1 ' Diet 2
!

Dict 2

TasLe 11

4th Week of Experiment

Basal
Series | dict Special supplements
No.
A 1 | None

10 mg. choline
5 4 biotin, 10 mg. choline

5« 10 ¥ 200 mg. lipocaic

S5« 10 ¢ 2 mg. inositol
B 2 | None

30 mg. choline

300 ¢ lipocaic

10 ““  inositol

30 *“ choline, 300 mg. lipocaic

30 “ 10 * inositol

[§ 3 Non

300
10
30
30
D 1 25 v
25 3
! 25
: | 25

Series C I this ease ahigh fat diet (No. 3) wax used during the sup-
plemental peviod, <o that a comparison could be made with Series B3, in

¢

30 myg. choline

O lipoeaic
“ inositol
o eholine, 300 mg. lipoeaice
‘e “ i0 ‘ inositol
thiamine

¢ 10 mg. choline

" 10 “ inositol

i

10 choline, 10 mg. inositol

Crude fatty

|
i Cholesterol

acids
Liver | Body |Liver | Body
per cenl (per cent | mg. me.
1531 561 19| 95
6.7 5.7 12 | 102
1561 5.9 37| 93
3.7 7.8 41121
6.3 6.8 i 13 | 102
246 6.5, 69213
9.1 7.3 87279
13.8| 6.0 36 | 251
13.3{ 6.9 | 27 298
7.3 6.1 30 ;225
3.9 7.1 18 | 264
2601 9.5, 721205
11.7 { 14.9 93 | 316
26.0 | 10.9 | 100 | 276
17.1 | 10.6 | 56 | 261
8.7113.6 711 215
9.1 4.1 72 | 281
10.2 ] 4.3 15 1 142
3.1 4.2 K132
9.2 4.9 13 | 164
2.9 1.2 7

138
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whicii o diet practically devoid of fat was cmployed.  Otherwise, the treat-
ment of the animals was the same as in Series B,

Series Do Tt has been reported previously from thix Laboratory that
choline will prevent fatty livers cansed by thinmine (6).  This series deals
with the effeet of inositol upon this type of fatty liver. Dict 1 was used
throughout the experiment; thinmine was the only B3 vitamin supplement.

Series 19 As Series D had indicated that inositol had no appreciable
et upon hiwnine falty livers, its action when administered with several
other B vitamins was investigated.  Diet 1 was cmploved during all 4
weeks; the supplements used and the results obtained are givenin Table TI1.

TasrLe 111
Effect of Inositol in Prevention of Fatty Livers with Various B Vitamins
Series E on basal Diet 1.

Special supplements

Thiamine... . ... .. ! + + i

Pantothenic acid. ..

+ + + |+ + + |+
Riboflavin.. ... ... P+ + + + + 4+ | + + I+
Pyridoxine.......... ro+ + + + + + + + |+
Nicotinic acid....... | + + + + |+
| + + + + |+

+ + +

inositol, 10 myg. . .. . ‘ +
Choline, 10 “ ... +
Crude fatty acids

Liver,% .........12.9120.4 1222290/ 185(15.7 | 0.4 | 25.9 | 16.518.4

Body,%..........1 2.0 54| 59| 64| 67| 5.1 /49| 681 7.3|68

o | i | ) o
DISCUSSION

While choline has little effect in preventing biotin fatty livers, as has
been reported previously (4), both lipoeaic and inositol have definite ef-
feets in preventing increases in both fatty acids and total cholesterol in the
liver. It should be noted that the dosage of inositol used in Series A was
small; in similar experiments amounts of 5 to 10 mg. were found to be as
effective as 200 mg. of the lipocaic preparation.

When fatty livers are produced by feeding a fat-free diet containing
cholesterol, choline, lipocaic, and inositol all have lipotropic action, not
only with regard to fatty acids but also with regard to cholesterol. Under
these conditions lipocaic or inositol is more effective when fed with choline
than when supplied alone; this is particularly true in the case of inositol.

In Series A and B an inerease in fat was obtained by synthesis. In
Series (' a comparison was made with animals receiving a high fat diet, and
fatty livers were produced by feeding cholesterol.  While eholine and ino-
sitol showed lipotropie action, lipocaic appeared to he entirely ineffeetive,
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Thix observation was confirmed in three other experiments. The lipocae
which was kindly supplied by Dr. Lester Dragstedt, was a sample of mat,
rial that had heen effective in depancereatized dogs; its poteney for rats wy-
proved by the prevention of biotin fatiy livers,

While ino ithout obvious effect on thiamine fatt
dition of othvr B vitamins as supplements enabled inositol to exert ap.
preciable lipotropic action.  The dosages of choline and inositol were the
same i both Series 1) and IS0 1t is noteworthy that neither supplenem
maintaimed hver fat at a normal level in Series . Apparently the addition
of other B vitamins diminishes the effect of choline but makes possible 5
response with inositol.

It has been pointed out previously from these laboratories (7) that there
are several different types of fatty livers.  We have little information as to
how these livers differ in composition, but they can be distinguished in
two ways: causative agents, and response to lipotropic factors. In de-
scribing the action of a lipotropic substance it is essential, in the light of
present knowledge, to give the method of production of the partieular fatty
liver used. Reports of inactivity of lipocaic in rats were due to failure to
use a suitable type of fatty liver.  ¥ven choline has no appreciable effeet
in preventing biotin fatty livers,

A previous, preliminary report by two of us (1) stated that either inositol
or lipoeaic could be used for the prevention of biotin fatty livers. The
impression could have been secured easily from this report that lipocaic
owed its activily to inositol; at that time this possibility scemed very likely
to us. The data now reported show that lipoeaic is ineffective with one
type of fatty liver in rats, while inositol is active. This observation pro-
vides 1 means of distinguishing between inositol and lipocaie as lipotropie
agents and it appears that lipocaic may contain a factor other than choline
(or choline precursors) or inositol. However, all lipocaic preparations
examined in these laboratories contained appreeiable umounts of inositol.
It may be that the inositol is present in a compound from which it 1s set
free only under certain conditions.  Available evidence is not sufficient to
permit a decision as to whether lipoeaic owes its aetivity to inositol or to an
unknown constituent.

QG} 5w Ly }n CI's, \h( ad-

SUMMARY

A comparison of the lipotropie effeets of choline, lipoeaie, and inositol
has been made with various types of fatty livers caused by diet in rats.
Choline is cffective for thinmine fatty livers, and partially effective with
cholesterol fatty livers, but shows little activity with biotin fatty livers.
Against this last {ype both inositol and lipoeaie are active.  Lipoeaie ap-
parently differs from inositol in being ineffective against fatty livers caused
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by feeding cholesterol with o hieh £t (1
t gl Iat

,d»
thiamine fatty livers; the addition of othe
be lipotropie.

i

inositol shows no activity with
r I3 vitamins permits inositol to

This investigation has been assisted by a grant from the Division of
Natural Seiences of the Rockefellor Foundation.
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THE FATE OF INOSITE ADMINISTERED TO DOGS.
By ISIDOR GREENWALD anxp MORRIS L. WEISS,

(From the Harriman Research Laboratory, Roosevell Hospital, New York.)
(Received for publiestion, May 7, 1017.)

In a recent publication Anderson! has reviewed the literature
on the utilization of inosite by animals and bas reported the re-
sults of his own experiments. All investigators who have worked
with inosite have found that it is not readily utilized by animals.
After administration by mouth, a considerable amount of in-
osite may disappear but, after subcutaneous administration,
most of it is found in the urine. The destruction of inosite given
by mouth has generally been aseribed to the action of the in-
testinal flora. In man, Anderson found that of 0.5 gm. of inosite
per kilo of body weight given by mouth, only 9 per cent was
found in the urine and none in the feces, In the dog, however,
with doses of 2 gin. per kilo, apparent” - very little was absorbed
from the intestine. A large part of the inosite administered
could be recovered from the feces but only a small amount was
found in the urine. Ingestion of inosite did not raise the res-
piratory quotient and Anderson concluded that “inosite is not

- utilized to any cxtent by the dog.” ;

At the time Anderson’s experiments were published we had
already been engaged with an investigation of the same subject.
Our first experiments were planned to ascertain whether or not
inosite was, physiologically, related to the carbohydrates. Pre-
vious work had indicated that it was not. Kilz? and Mayer?®
had failed to observe a formation of glycogen from inosite. It
1s true that Mayer had found a small amount of lactic acid in
the urines of rabbits receiving inosite but, sincé rabbits readily

! Anderson, R. J., J. Biol. Ohem., 1916, xxv, 391.

* Kilz, E., Sitzungsber. Ges. Beford. ge:. Natuiwiss., Marburg, 1876,

No. 4, given in Maly's Jahresber. Thierchem., 1876, vi, 45.
* Mayer, P., Biochem. Z., 1907, ii, 393;"1908, ix, 533.
1
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2 Inosite

excrele lactie neid under o variety of conditions, this could not
be regarded as a strong indication of a relation between inosite
and carbohydrates.

In our own cxperiments we uscd phlorhizinized dogs. In
these animals, although there is » normal amount of glucoze in
the blood, it appareutly cannot e utilized. Morcover, the or-
ganisii seems {o forin glueose  from every available source.
The ratio of glurose o nitrogen In ilie wrine of fasting phlor-
hizinized dogs reniins for days between 3.0 and 5.6 {the varia-
tion is much smaller in any one experiment) a value searcely
equalled and, in all probability, never exceeded even in the
severest forms of diabetes mellitus. This ratio is assumed to
represent the maximum formation of glucose from protein. If,
therefore, this ratio rises after the administration of any sub-
stance, that substance may be regarded as having been con-
verted into glucose in the organism. There are certain excep-
tions, such as narcotics and other toxie substances, which liber-
ate the small amounts of glycogen which such phlorhizinized
dogs still retain. In such cases the amount of. glucuse excreted
in excess of the usual amount (“extra glucose”) bears no con-
stant relation to the amount of material administered and the
cffect is obtained only with the first few doses and is absent there-

~ after, for all the available glycogen has becu excreted as glucose.t

At first the usual technique was employed. After the ratio

-of glucose to nitrogen in the urine (G: N ratio) had reached a

constant level, the inosite, in aqueous solution, was injected
subcutancously. The G:N ratio rose very little. However,
it was noticed that it did rise, even though very slightly, in every
experiment. Unchanged inosite was also found in the urine
(Tables IX and X). It was then determined to test the capa-
city of the normal dog to oxidize inosite. It was found that
about one-half of the inosite administered was excreted un-
changed (Table I). It was believed that this poor utilization
might be due to the fact that the inosite was rapidly absorbed
from the agueous solution and as rapidly excreted, before the

. tissues had much opportunity to change it. In order to secure

. . @ . . . .
a more gradual absorption of the mosite, 1t was then given in

¢ Sansum, W. D., and Woodyatt, R. T., J. Biol. Chem., 1915, xxi, 1.
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tonsced o1l at intervals of 4 to 6 hours., Detop-
tonsced o1l 4t mtervals of

sU=PeRION
n‘:il:‘;ﬁmu of the ratio of total carbon to nitrogen in the urine
mdn ated thed o fairly regular exeretion of inosite could be se-
coeed 1 e mmamer (Table 110 An expoeriment with glucose
v philerhizinized dog showed that o fairly uniform exerction
“atae sehded eluease could be secured. Also, the length of the
crpernneontd period was inereased from 12 hours to at Jeast

. in which period the mosite was administered at in-

col

i b
vasals of 4 to 6 hours.

1 the nornal fasting dog it was found that a considerable
portion of the inosite administered cm_ﬂd no} be accountecll for
in the urine, cither as such or, by “calculation from the ratio of
carbon to nitrogen. Ixcretion into the intestine was bprob-
abile for there were usually no feces. In one experinent (Table
Vi the dog was fed a constant mixture of hashed boiled beef,
vracher meal, Grisco (a hydrogenated fat), bone ash, and water.
The periods were marked off with carmine. Determinations
i the total earbon and nitrogen in the feees were made and an
sttompt was made o isolate inosite from the feces of the experi-
sentad period. This was unsuceessful and the ratios of carbon

“recow i bhe feees gave no reason for believing that inosite,
+any derivative thereof, was present in the feces.

A cample retention was also unlikely for in only two experi-
taents (Tables 1V and VI) was inosite found in the urine more
thean 12 hours after the close of the experimental period. There
war a diserepaney between the amount of mnosite calculated
from the “extra carbon” and that actually isolated that was
~heewhat greater than was to be expected from the results ob-
sarmedd in the recovery of inosite added to urine. Among the
i able dderivatives of inosite were phenols and oxalic and lac-
te wekds. The exeretion of none of these was found to be in-
crea-ed (Tables Tto IV).> It was thought possible that some of
the inosite might be exereted, with or without previous change, in
combination with sulfuric or glycuronic acids. No incgease in
v eneretion of combined or ethereal sulfuric acid was observed.

Thalin, MO0 Biol. Clem., 1916-17, xxviii, 429), has also found that

S tin of phennls o dogs is unaflected by the administration of

- regards the exeretion of inosite, his results are in accord with
Vinderson t

4 Inosi{e

There was, however, a slight, though unnustakable, incrense in the

exerction of glycuronic neid (Tubles VIand VII).  This wus deter-
mined by the method of Tollensf in which the glycuronic acids
arc first precipitated with basic lead acetute and ammmonium hydrox-
le, the preeipitate is filtered off and washed, and then treated
with hoiling 12 per cent hydroehlorie aeid, distilling off {he fur-
furol formed.  This is then precibitated as the phloroglucide.”
There is very Tittle evidence that the substance responsible for
this increase Is reolly glveuronic weid. The results are reported
i terms of this only as @ matter of convenienee.  That the in-
crease was not due to the presence of nosite or of a reducing
substance in the urine or to the administration of cottonsecd oil
was shown Dy suitable control experiments (Table VIII). It
is very likely that the substance, whatever it may be, is identical
with the dextrorotatory non-reducing substance observed by
Mayer in the urine of some of the rabbits to which he adminis-
tered inosite, - _

In the experiments with phlorhizinized dogs (Tables XI to
XV) it was found that the administration of inosite in cotton-
seed oil was followed by a slight though unmistakable increase
in the glucose: nitrogen ratio. Inosite is not a toxic or narcotic
substance and the “extra glucose” can hardly be regarded as
being derived from the glycogen or other carbohydrate of the
body.  Moreover, the amount of “extra glucose” increased as
the cxperiment was continued, leaving very little doubt that the-
glucosc was actually derived from the inosite administered.
That it was not duc to the cottonseed oil was shown by two ex-
periments. In one of these (Table XIV) the dog reccived in-
jections of cottonseed oil alone for four 12 hour periods ‘and then,
after a 24 hour interval, the inosite was administered in the
usual manner. The oil alone produced only the slightest, ifany,
rise in the glucose: nitrogen ratio. In the inosite period, how-
ever, the usual risc was observed. In the other control experi-
ment (Table XV) the dog received 15 cc. of cottonseed oil every
6 hours during the fore- and after-periods. This was at least

¢ Tollens, C., Z. physiol. Chem., 1909, 1xi, 95. :
" In these experiments the paper was not ineluded in the mixture sub-

jeeted to distillation, thus avoiding the large correction emplayed by
Tollens.
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M oper cent more ol than was used for the suspeusion of the
mosite. Nevertheless the glicose: nitrogen ratio rose in the
woant mmner with the administeation of the inosite and fell

Froceverenon of aeetome and of -hydroxybutyrie acid was
cove i dnmished inc the experimental periods,

Provovinicions were made of the total earbon in the urine.
P b mmount were dedueted the amounts of carbon present,
w- ghiease, us acetone, and as B-hydroxybutyric acid.  From the
re-iduad value (“rest C), a carbon nitrogen ratio was calculated.
Pram this, following the method introduced by Lusk for the
calenlation of the “extra glucose,” the “extra carbon” and the
inosite cquivalent thereto were caleulated. The amount of
mesite actually found corresponded, as well as could be expected,
with the nmount ealeulated in this manner. In only one cx-
periment. (Table XIV) was this not true. In this experiment,
particularly in one period, the amount of “extra carbon’ was
veiv high, It is possible that the excretion of some unknown
constituent was very irvegular, giving rise to the results obtained.

It the amount of “‘extra glicose” be added to the amonnt. of
ioatte ealenlated from the “extra carbon,” the swu, except in
the experiment already alluded to, is almost exactly equal to
the wmount of inosite administered. In view of the error in-
herent in these determinations and calculations, the correspond-
enee is surprisingly close. Apparently, therefore, inosite, though
“owly and incompletely, is converted molecule for molecule
into glhucose,

EXPERIMENTAL,

The general plan of the experiments and the analytical methods
veie those generally employed in this laboratory. '

Total earbon was determined by oxidation with sulfuric acid
sud - potassiuin dichromate, passing the gascous products of
osidation through a heated combustion tube containing copper
anitde d lead chromate, drying with calcium chloride, and
Bty absorbing the carbon dioxide in soda-lime. :

Feosite way prepared from “steep water” by the method of

Poeenwald 10 R Chene, 1914, xviii, 115; 1916, xxv, S1.

6 Inosite

Griflin and Nelson®  The isolation from the urine was accom-
plished by Mayer’s method, erystallizing the inosite from aleohol
and from acetic acid. In the experiments with phlorhizinized
dogs this erystallization was repeated several times before the
product was considered pure enough to weigh.  The method of
Mecillere and Fleury!® ghve g purer product but the vield was
much Jower and extremely variable.

Oxalie ueid was deternined by Dakin's method! and phenols
by the method of Folin and Denje.??

TABLF 1.

Ezxeretion of Inosite after Adminisiration in Aqucous Solution. Normal
) Fasting Dogs. 12 Hour Periods.

B “Extre .
I\g:l:" Carbon.| C:N. b«;anr-? Inosite. cz;gz-c Remarks.

om. gm. . F oo gm. om.

0.852] 0.589| 0.692

0.929; 2.114} 2.276] 1.475! 3.71 Weight 4.15 kilos. 5.81 gm. ino-

site in 100 cc. H,O in 6 heurly
. doses in first half of period.
0.901; 0.648 0.719] 0.028! 0.07
0.962] 0.657] 0.683

0.008

0.020 ) c

0.010; Weight 5 kilos. 8.05 gm. inosite
in 100 cec. HyOin 5 hourly doses
in first half of period.

0.803] 0.700] 0.873
0.996} 0.859 0.864
1.100; 2.950! 2.683| 2.00 | 5.06

1.156] 0.976] 0.844 0.010

The column headed inosite gives the amount of inosite calculated from
the “extra carbon.” The isolation of inosite from the urine was unsatis-
factory because of mechanical losses, ete.

® Griffin, E. G., and Nelson, J. M., J. Am. Chem. Soc., 1915, XXxvii,
1552.  We are indebted to the Corn Produects Refining Company for the
supply of steep water.

1 Meillere, G., and Fleury, P., J. pharm. et chim., 1910, series 7, 1, 348.

" Dakin, H. D., J. Biol. Chem., 1907, iii, 77. '

12 Folin, 0., and Denis, W., J. Biol. Chem., 1915, xxii, 305.



TABLY. 11,

Hewrly Frerciv of Tnositc after Administration in Suspension in Colton-
b(((’()u Dog 11.

Leneth of N fn—I( hos ! G N A}?,'\?m K O,\;.?ia:e S
poriend. P arbost CoN, ‘u(\‘::-" Inosite, | S0y Itemarks.
"—“hra. gm, gm. gm. gm. gm.
12 0.963} 0.873] 0.906 0.011
2 0.826, 0.728] 0.882
L 0,175 0.254 1 .40 § 0.102; 0.256 Weight § kilos. 4
gm. inosite in 10
ce. cottonsecd oil.
2 0.1831 0.376; 2.06 | 0.212] 0.533
2 0.190; 0.6538; 3.46 | 0.487] 1.223 4 gm. inosite in 10
cc. cottonseed oil.
2 0.192} 6.791} 4.03 | 0.600] 1.508 ‘ ’
2 0.175) 0.547| 3.14 | 0.390] 0.981
2 0.144; 0.316} 2.19 | 0.186 0.4868| _
2 0.169f 0.261] 1.54 | 0.108 0.272
Total........ 1.208| 3.208 2.085| 5.241
Composite...| 1.228] 3.267 2.172) 5.461] 0.005
10 1.180) 1.201} 1.017| 0.138} 0.347} 0.008
[ 347 1.207| 0.896 ' ' 0.009

A eoinposite of the 2 hour urines was prepared and analyzed, with the
poonlts piven ahove, The values for inosite are those calculated from
*te cwount of Yextra carbon.” 4.4 gm. of inosite were isolated from the
cemposite urine,

TABLE II1.

Faeeotions of Inosite after Administration in Oil for Four 12 Hour Periods.
Dog 17, Normal, Fasting, Weight 9 Kilos.

. oxal Inosite.
Neanaen. | Carbon, C:N. “Extra, xalic
carbon, acid, ?:zgg_ Found. Ag%l:leic?,is.
™. om. gm. " gm. om. om. om.

206 1.571 0.750 0.0045
1 om 1.371 0.861 0.0030
[N B 1.579 1.116 0.306 |0.0023| 0.769 { 0.50 4.85
] 2.874 1.754 1.400 | 0.0034 3.520} 2.70 6.00
L] 2.944 1.519 1.200 |0.0020 | 3.017] 3.05 | 6.00
AW 3.710 1.511 1.505 | 0.0017 3.780 | 3.10 6.00
< 2.210 1.000 0.221 0.0045 | 0.5504| 0.34
PoTs 1.550 0.987 0.137 [0.0023 | 0.350{ 0.00
ey 1.506 0.929 :

) blen 1.230 0.940

EEARUTIN I PR N B P P 11.99 | 9.69 | 2285

8 Tnosit

TARLE IV
Excretion of Tnosile after Adunanistraiion in QI for Foiy 12 Hour Periods.
Dog 21, Normual, Fusting, Weight 12 Kilos.

- Inosite.
Nitrogen. | Carbon, CoN. SR ke, e e
earbon. Found. A ;l:;-?(?h_
gm. gm. om. om. gm. gmi. gm.
1.156 0.951 0.818 0.045
1.034 (.065 0 933 0.019
04995 2. 280 2 301 1.39 047 3.0 2.56 9.2
0.932 3.600 J3.861 2.76 0.05% 6.94 5.33 8.0
1.448 3.926 2711 2.62 0.066 6.59 5.10 9.0
1.422 4.023 2.829 2.7 (1.066 6.90 5.10 8.0
1.311 1.802 1.375 0.62 0.054 1.56 1.30
1.259 1.225 0.973 0.09 0.057 0.23 0.35
1.280 1.354 1.058 7+ 0.068 _?' 0.13
1.144 | 1.023 | 0.895 Too0067 ]| T
Total.....|.........0.........0...... O P 25.72 20.17 34.2

*The urinc was contaminated with blood from a wound. The C: N
ratio is probably too high and the ‘‘extra carbon“ and mosxte have there-
fore not been calculated.

TABLE V.

. Bxcretion of Inosite afier Administration in Ol for Four 12 Hour Periods.

Dog 25, Normal, Fasting, Weight 20 Kilos.

. Inosite,
Nitrogen. Carbon, C:N - oxtra,
- . carbon. Calculated. Found. At'lsn:;‘xixs-

gm. em, gm. om. 3 gm. gm.
2.360 2.113 0.895
2.565 2.240 0.873

. 2.888 3.100 1.073 0.965 2.43 1.70 8.46
3.637 3.947 1.085 1.258 3.16 2.50 8.00
5.057 5.103 1.002 1.330 3.34 3.37 8.00
5.642 7.062 1.252 2.894 7.28 6.77 8.00
4.970 3.802 0.765 ’
4.431 3.103 0.700 )
2.528* 1.902 0.752 .

Total.....|.... PR P Foefeemeeann, 16.21 . 14.34 32.46

i

*10 hour period.

The “extra carbon” and inosite have been calculated upon the basis
of a basal C : N ratio of 0.739, the average of the last three periods. This
gives the inaximal values for “extra carbon’ and inosite.



TABLY VI
1geetion of Tuosile after Administrotion 10 QU for Four Suecessive 12 Hour
) Periods.  Dog 25, Weight 19 Kilos. :

|
|
!
I

:,:' Tnosite. Sulfur, &
£ e
. < © [~
AN - R "R B PR A
ol ¥l g2 08 | E5 | E | &R | B3| %
A ] o : ] [ < R o] ) &
~t ) em, om gm. gm om am am. am. krs.
w102 072 0.084] 0.016/ 0.125] 105
s 1S 0763 | 0.097 0.018] 0,148 12
ceoo D erel 100 172 b a2 s 12,4 | 0.001 0.017) 0180 12
CuLAONE 1727 2057 | 6,46 | 5,99 | 10,01 0.0020 0,016 0,176 12
Loi 5820l 1,487, 3.20 | 8.28 | 6.94 | 12.0 | 0.131] 0.016] 0.250] 12
vorn Leoa] 1,553 381 1 0058 | 767 [ 10.0 | 0.118] 0.012} 0.282] 12
P | 5857 08480 0,01 | 220 [ 1.74 0.164] 0.015) 0.211{ 12
{774 | 3.401) 0.7120 0.31 | 0.77 | 0.31 - | 0.163] 0.014{ 0.162] 13
2471 | 2,248 0.647 ' 0.165 10
4301 | 2.759( 0.649 14.5
Total oo ]oene. 12.61 [31.70 |26.49 | 44.4

The basal C : N ratio has been taken as 0.747 (the average of the ratios
in the fore-periods) for the first two experimental periods and as 0.648
ithe nverage of the ratios in the last two periods) for the others.

. TABLE VIL R
Lrerction of Imostie after Administration in Oil for Four 24 Hour Periods. .
Dog 25, Weilyght 19 Kilos. Fed Daily..

Faad gm,
Botled beel . e e 190
Crackermeal ..o e e 76
Crisco. o oo oo B PO Y §
Bone ash. oo e ... 19
3 1 0 AU e 760 cc.

:g Inosite. Sulfur. g Feces.

2 e |2
g . g s.| B1E (B | S| 4
o8| | F|E & |FEIS |88 |E |0
pm gm om om gm, | gm om am om gm. | gm.
10| 7.1R10.647 0.452,0.076{0.338,
4751 6.300.616 10.35810.078{0.320] 20.7] 1.61|12.9
0] 9.9211.076) 3.93] 9.87] 8.32 20.9/0.323/0.061]0.489
UONT 112.231.239| 5.81[14.61(13.89] 22.0/0.286,0.051(0.464
o by 12 6801.207] 5.85(14.72/13.87| 22.0[0.379/0.060/0. 412
1187 111.790.993( 4.07]10.24] 8.01| 22.0[0.443/0.045/0.522| 34.4] 3.38(10.2
v G s, 665 0.412(0.01910. 250
' ' *'« \ H.820.652 : 0.441]0.049{0.300] 16.6] 1.73; 9.6
SR F P 49.44}44.09| 86.9
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10 Inosite TABLE X.
Toosits Administered in Aqueous Soluwtion to a Phiohi:fiized Dog, Weight
TABLE VIIL ) 12 Kilos. Periods 12 Hours Fach.
Effect of Subcutancous Adminisiration of Cottonsced 0il on the Excretion T . .
of Glycuronic Acid. Dog 25, Weight 19 Kilos. Fed Daily. Gluocase. . £ Curben Tnonite.
Periods 24 IHours Each. T § 3 <
Food: om. : K f Lf, . 5 : :5: E
Boiled beef ..o 190 IR N I - B O
Crackermeal. ... o 76 N I G I T O s Tl E 58
CFIBC0. o e et e e e 57 S B O T RO it I Agi DR Tt M
Bone ash. 19 L 1 g, | gm. gm. | gm. | gm. | gm g gm. | gm.igm. | gm
T 760 cc. PRSI I :,ms,(; 3.30 003904201115 3.6~0.671
A 10 G010 63 160 0.060,0.23112.52, 4 580 Tay
Nitrogen. Glyeurerie lactone. Cottonsced nil. 515 122.30122.8[3 7812 4910.04010. 215/18. 01 S.US:1.519{4.62 [11.6{ 8 [12.7 -
om. om " 5817 119.9419.93 .43 0.139/0.793/12.67; 4.2%:0.738 ’ -
. - cgrr o .
11.56 0.300 ) 6355 122.01 21.8.3‘4(;' 0.0990.430&3.65 4.640.730
10.97 0.348 ' - h - I
10.25 0325 4% 20 H hour period.
10.57° 0.349 4 X 20 TABLE XL
lgg(l) ‘ gggg . i § % Lrusite Administered in Suspension in Oil to a Phlorhizinized Dog, Weight
Lost. ' . 20.6 Kilos. Periods 12 Hours Each.
9.97 . - 0.35 : Glucose. g Carbon. : Inosite.
9.01 0.308 : 5
Soli| |2 3
. & 2 5 - | % g
» TABLE IX. i £l O I R R R I - R -
. . . : TR lE| S IBEl s | B2 |5 B|zE|E
Inosite Administered in Aqucous Solution to a Phlorhizinized Dog, Weight : & sleld g :g.s gle|lglalglsl3
' 9.5 Kilos. Periods 12 Hours Each. e | T — ——
'L pm. | gm, gm. | gm. | gm. | gm. gm. gm. { gm. | gm. | gm.
Glucose. . 3 Carbon, Inosite. 4 615% 116.34115.93.53|  10.197|2.37|12.09{ 4.37/0.943
§ H I 7.0 |25.6224.5(3.65  |0.173[3.08[17.63] 5.97/0.843 ,
- g 5 3 o ‘8 6 852 127.10126.313.95(2.12(0.236{2.27{19.75| 7.78]1.136/2.34|5.88(5.1210.5
§ 213 - N O A il Ey 753 [26.00125.4[3.63]  [0.319]3.14[18.13] 6.10,0.849/0.39/0.98/0.58
E TlEIZ1 5] 8 5~§ 385 fi 2|8 g.g 7150 125.66 3.50 0.194/12.72/117.10] 5.53[0.791
& |8 |E|o|Hl A7 E|F o 9|88 45764 |14.60  13.21]  [0.084{0.62| 9.83| 3.65/0.798
oy . | gm. om. | om. | gm. | gm. | gm.| om. | gm. | gm. | om. | g Total... |..... R Y P P PP PR 2.73/6.86[5.70
10.08 }32.5/30.4}3.22 0.091/0.441{19.39(6.21]0.617 *% hour period.
8.95 [20.128.113.25]  10.091/0.573[17.02/5.10{0.572 **6 hour period.
6.92 |24.9 2‘4.83.61 1.940.0950.482 19.64(9.46{1.365|5.04/12.7] 8.6|14.4 The “rest” carbon and the inosite have been calculated upon the basis
7.18 124.2123.6/3.37 0.077/0.448/14.764.87/0.678 «f & Imual C : N ratio of 0.795, which gives the maximal values for ‘‘extra’
5.83 [20.4] |3.49]  [0.094/0.62912.44/4.00/0.686 carbon and inosite. ‘




TABLE XTI,

Inosite Administered in Suspension in Oil to a Phlorkizinized Dog, for
Four Successive 12 Hour Periods.

Gluenge, . -2 Carbon, ’ Inosite,
: £
o - .
g 2 . £
. g 2 i R g 4
g .‘5 o @ E . ~. . a
AR IR N I IE R IR R E
= flol & | 8|58 2| | 8= |58 &
Z d |& o |t < d & (=)o |k O | & | =
gm. gmi. gm., gm. gm, ym, gm. gm. gm. gm. gr gm.
710824 ..’;7'241.7‘3.4(3
7A0f}§a“2(i.(‘r()i‘_‘0.'11‘3.(}& 045114 26[16.74:14.15/0.587
7.241l24 6521, 7i:c_ 0] 0.525 STIT 925,680 781
7.27.\,"'28.7()’29.]".‘{77 0.51 (’).]Rl»l.T‘_’.iZiZ.?‘l8.531.17:2 2.71] 6.81] 4.15(10.45
6.937 271"»;’2&,(;‘:;.98; ].Sui().](m2.6(’5;‘20.22 7.90i1.139] 2.35 5.88 3.$1 10.45
6.352:25.3%21.214.00 3.6810.0790.82118.37|7.841.234 2 76 G.93] 4.54/12.45
5.820(24.92(24.714 28 3.84|0.06010.51/|18.52|8.2311.414| 3.57| 8.99 6.76(10.45
5.205,22.1%(21.9/4.36, 0.85/0.013/0.07|14.75/5.89!1.132] 1.73 4.34] 2.10
3.854|14.89{14.9(3 .87 0.007(0.03| 9.22(3.18{0.825
3.226{11.77]11.2(3.74 '6.98(2.28/0.707|
1.651] 6.18 3.75
Total. | .. . oo 110082 13.12,32.95/21.36{43 .80

.The calculations have been made upon the basis of basal ratios of 3.70
and 0.800 for G :N and C: N, respectively. It is believed that these
ratios give minimal values. for “extra glucose” and maximal values for
inosite. ’ :

TABLE XTI,

Inosite Administered in Suspension in Ol o a Phlorhizinized Dog, Weight
15 Kilos, for Four Successive 12 Hour Periods.

Glucose. E. Carbon. Inosite.
. g 3 3
[ e > H
8 kS ﬁ% E‘ ] -g- : :g' g 5 §
-4 [} [ ] 13 « Q (3 H 4] z 6] [ <
om. gm. | gm, gm. | gm. | gin. | gm. | gm. m: | gm om. | gm.
3.851*%(12.81(12.3(3.33 0.044,0.167] 7.11] 1.91j0.495
7.658 24.40{23.3/3.19 0.120/0.463(14.01| 4.02(0.525
8.395 [27.54(27.3]3.28 0.92,0.128l0.820(19.13 7.72/0.920] 1.01 2.53] 2.62/10.2
8.160 |28.52(27.213.49 2.6110.133)0.544{21 .11 9.4411.157} 2.10| 5.27} 6.63/12.4
7.788 127.4626.5(3.53| 2.80(0.087]0.339{21.31 10.18)1.307( 3.95 9.93| 7.55(12.1
7.359 |25.54(20.3(3.47 2.21,0.102/0.30818.96| 8.60|1:169| 2.72| 6.83 6.53( 9.0
7.349 |25.23(24.9/3.43 1.91/0.092(0.293(17.04] 6.66/0.906] 0.78{ 1.96 2.18].
7.148 [22.61{22.7(3.16 0.097]0.202(15.43| 6.24/0.873] 0.52/ 1.31| 0.00
6.315 {19.95/20.5[3 16 0.051/0.222{12.94] 4.87/0.772 .
5.708 (19.03 3.33 0.054{0.156:12.56] 4.89(0.857
Total..|... .. e 10.45 11.08(27 .83125.51143.7

*6 hour period.

The “extra glucose” has been caleulated upon the basis of a dominant
ratio of 3.17. The wide vuariations in the value of the C : N ratio made
the selection of a dominant ratio difficult.  I'he value finally sclected and
used was .80, '

12
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TABLE XIV.

Fileet of Administration of Cotlonsecd Oil Alone, and of Imosite in O1l,
te a Phlorhizinized Dog, Weight 11.6 Kilos. Pertods 12 Hours Each.

13

Glucuose. _ Carbon.
e —— - — ’s;'
. &
) 3 =2 R Cottonseed oil,
v € o R ¢
ElElo B & ELS R
—'; ;‘- gm, mm gm amnm gm. ce.
o o a2 86 3.39
§.812%116.74 3.48
4.031%(17.29 3.51
1002 [36.31 3.62 . 40
9.5651 135.04 3.67 ‘.. - 60
0.504 133.48 3.52 B 40
N.RA7 130.19 3.41 60
Inosite,
Ad-
Caleulated. |Found| minis-
TS g T 3.51 L
5 as* 1344, 13.0/ 3.40 8.68/3.34(0.844 om om. | gm.
I BV H‘Q‘." 14.5) 3.30 8.92:3.260.778 .
TYTE 130,300 20.1| 3.00; 6.10[20.17/8.12/11.045] 2.00| 5.02 3.18/ 7.88
vy ‘z\.(;.i 257 3,71 4.0920 499 1011178 3.0y  7.97 3.36{12.0
bGSG MG K3 26,4 4.04] 5.72(18.36!7.68]1 .154| 2.43] 6.12 3.12{10.0
DTSN 2101 8.80 3.5916.92‘8,181.412 3.62; 9.00(7)**| 2.8312.0
A S 11.\1(53 17.6, 3.64 2.35(12.72/5.31{1.061} 1.39] 3.52 0.18
27034 S 42 3.07 5.5112.16{0.784
I e 3 2.94 5.99(2.3310.745
S MG 17.33 2.91
'I‘Mul..! ............... 21.85 12.45| 31.32 [12.67/41.88
*6 hour period.

**Note the unusual discrepancy between amount of inosite ealeulated
o textra’’ earbon and that actually found.



i3
S !
i
[

fooo
u
b

‘

: iyl Cod oo

(SN
R
S
) a7 |
N
o
I L
. 1¥i N
Cer e e [
oo dd i ’ t
S I H I

;;u}.’l.{.':l [

[

5 o

5 ¢

i
4

S N
[ERTEYREOVECN

Tnostte

TABLE XNV,
ol i, Admndclorsd to e Phlorhzinized Doy
porament. Dog e W 7

Chtlan, Yinitke,

i - s e
5 i
' . [
; ! i i ; o
P 2 A i B
i LI A i
I u ‘i & 3
g Y O ‘ [ by

- e . Co
St iR | ek e (s
i




J. Biol, Chenm, 162'77"'85,19"’6

DIETARY FACTORS IN THE REGULATION OF LIVER LIP1D
CONCENTRATION

By PHILIP HANDLER

(From the Department of Biochemistry, Duke University School of Medicine,
Durham, North Carolina) .

(Received for publication, October 29, 1945)

The administration of a liver extract (1) or biotin (2) to rats which had
previously been fed a low protein diet with no B vitamin supplement for 3
weeks has been observed to result in fatty livers despite the presence of an
adequate supply of dietary choline. However, when inositol was also in-
cluded in the diet, normal liver fat concentrations were found (3). The
present paper describes an attempt to determine whether biotin or any
other factors present in the liver extract play specific roles in the regulation
of the liver lipids or whether they simply increase the demand for lipo-
tropic factors by stimulating the appetite and growth of previously stunted
rats. It was also hoped that the data might explain the need for dictary
inositol under such conditions, since choline and methionine suffice to pro-
vide normal fat concentrations in the livers of rats fed the usual synthetic
rations, and to indicate whether other dietary factors such as tocopherol,
vitamin K, and the unsaturated fatty acids also function in this system.

EXPERIMENTAL

The experimental procedure followed, as closely as possible, that used
by McHenry and his coworkers (1-5). Male rats of the Vanderbilt strain
(6) were grown to a weight of 80 gm. and then housed in individual cages
and placed upon the depletion diet (A) for 3 wecks. Less than 6 per cent
of the animals failed to survive this period, while the survivors usually
weighed between 55 and 70 gm. They were then offered the diets shown
in Table I and in addition all animals were given the following supplement
by subcutaneous injeetion daily: thiamine 25 v, riboflavin 30 +, calcium
pantothenate 100 v, pyridoxine hydrochloride 20 v, nicotinamide 50 v,
p-aminobenzoic acid 100 yv. The doses of the other supplements, when
given, were choline 30 mg., inositol 30 mg., biotin 5 v, folic acid 5 ¥, a-
tocopherol 200 v, and naphthoquinone acetate 20 4; and 0.1 cc. of refined
corn oil was used as a source of unsaturated fatty acids. Both crystalline
folic acid and a potent liver concentrate were used but no differences were
observed in their effects.  The liver extract was prepared by the procedure
of McHenry and Gavin (1) and, when desired, 0.5 ce. was mixed with
about 2 gm. of the proper diet and placed on top of the remainder of the

77



78 DIETARY REGULATION OF LIVER LIPIDS

food in eacl individual feeding cup. This amount of extract provided
about 5.5 mg. of choline, less than 2 mg. of inositol, about 2 v of biotin, and
appreciable quantities of folic acid. The latter was assayed against another
liver standard and it is not possible to state the actual quantity present.
All animals were sacrificed after 7 days, except when stated otherwise, and
liver samples taken for analysis. Fatty acids were determined in the
usual fashion (8) and cholesterol was estimated by the procedure of Schoen-
heimer and Sperry (9). The resulls are summarized in Tables IT and I11.
Each value is the mean for a group of ten rats.

When the low fat diet (B) was fed with only the basal supplement, fatty
livers were obtained which were prevented by choline. Inositol appeared
to have some lipotropic activity but it was not as markced as that of choline.
The administration of liver extract resulted in fatty livers which were
somewhat diminished in fat content by additional choline (the extract pro-

Tasre I
Composition of Diels

Diet A Diet B Diet C Diet D Diet E
Casein........................ ... 10 10 10 10 12
Sucrose... ... ......... ... ... .. .. 84 83.6 63.1 84 71.1
Crisco.................. ... ... .. 20 10
Salts (Hubbell et al. (7))...... ... 4 4 4 4 4
Cellulose...................... ... 2 2 2 2 2
Sulfasuxidine............... .. ... 1 1
Cystine....................... ... 0.4 0.4 0.4
Cholesterol..................... .. 0.5 0.5

“vided only 5 mg. of choline per day) and more so by inositol, but prevented
only by a combination of the two. When biotin was given in addition to
the basal supplement, there were again found fatty livers partially re-
sistant to the action of either choline or inositol alone but susceptible to
their combined action. However, the biotin effect was not as pronounced
as that of the liver extract in stimulating appetite, growth, or liver lipid
content. These findings are all essentially in agrecment with the findings
of Mcllenry and Gavin (1-4). Since it seemed possible that folic acid
might be the substance in liver extract which accounted for the difference
between its action and that of biotin, the effects of this compound were
studied. When given with the basal supplement, however, it appearcd
to have no effect on any of the factors which were measured and so it was
tried in combination with biotin. The results with this combination
were almost identical with those observed when the liver extract was used.

When the high fat dict (Dict C) was employed, it was found that cven
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without liver extract, biotin, or folie acid, the presence of both choline and
inositol was required for the maintenance of normal liver lipid concentra-
tions. Tt should be noted that Dict C provided 4.5 kiloealories per gm.,
while Diet B provided 3.7 kilocalories per gm. The eficets of the liver
extract and of the biotin-folic acid combination were even more pronounced
on the high than the low fat diet; so that the administration of choline plus
inositol did not provide normal liver lipid concentrations until the 2nd

TasLe 11
Lipolropic Activity of Choline and Inositol on Low Fat Diei B Plus Basal Vitamin
: Supplement
Group Supplemcat Weight | Food ‘ciﬁivc';g':;l:'nd clﬁzg-
No. change | intake standard error terol
g per cent
. O o B ey
1 | None 9.1 6.0 |18.7+3.1 |0.51
2 | Choline 11.7 5.9 53 +04 )0.42
3 | Inositol 11.2 5.7 116.8 2.9 {0.39
4 | Liver 22,3 |11.6 |23.44+£3.6 |0.93
5 “ 4 choline 24.4 | 111 207 +1.9 |0.82
6 “ 4 inositol 19.7 {12.2 8.440.6 [ 0.47
7 “ o4 “ 4 choline 23.6 119 | 4.8+0.3 |0.36
8 | Folic acid 10.3 6.1 1202+1.7 ]0.56
9 | Biotin 16.8 7.8 1196 2.4 |0.74
10 ‘““ 4 choline 16.0 7.9 8.8+0.5{0.69
11 ‘4 inositol 17.2 7.7 113.6 1.8 |0.55
12 “ o+ “ 4+ choline 17.6 8.3 4603 ]0.32
13 ‘“ 4 folic acid 21.7 110.8 |21.7+3.5{0.88
14 ‘4 4 4 choline 19.9 {11.7 [18.4+£2.7 | 0.8
15 ‘4 ¢ Y 4 inositol 19.0 {129 {17.84+1.9 | 0.49
16 N A = “4 21.1 | 11.9 5.3+0.3 031
choline . .
17 | Biotin + folic acid + inositol + 19.6 | 11.8 | 10.4 + 0.7 | 0.41
tocopherol
18 | Biotin + folic acid + inositol + corn | 18.8 12.1 2204+1.5 |0.66
oil :
19 | Biotin + folic acid + choline 24 days | 57.4 8.7 6.1 +0.40.35

week.  Of considerable interest was the observation that on both diets
supplementary choline alone was sufficient to obtain normal lipid concen-
trations cven in the presence of liver extract or biotin plus folic acid if the
experiment was continued for 24 days. It should also be noted that no
differential behavior between cholesterol and liver fat was found. The
livers of highest fat content contained the greatest amount of cholesterol
and livers of normal futty acid concentration also were of normal cholesterol

contaont



80 DIETARY REGULATION OF LIVER LIPIDS

Since biotin, folic acid, and inositol are normally available to the rat
from synthesis by the intestinal microorganisms, it scemed possible that
the effects of these substances might better be studied in animals in which
the intestinal synthesis was inhibited by the incorporation of dietary sulfa-

T™h o - 113l 4 thaot abas o
ine techmquc WAaS SHMLATr v0 wiat aoove.

suxidine (succinylsulfathiazole).
All animals were depleted for 3 weeks on Diet D which differed from Diet A
only in that it contained sulfasuxidine, and then were switched to Diet E

which also contained sulfasuxidine and whose fat content was intermediary

Tasre III
Lipotrapic Activity of Choline and Inositol on High Fat Dict C Plus Basal Vitamin
' Supplement
g N Liver fatty Liver
e Supplements chanee | inake | 4idsymesn and | cholr.
per cent
. | mder | g | S
1 | None 22.1 6.3 26.1 4+ 3.6 | 0.94
2 | Choline 23.3 59 [11.840.8 |0.76
3 | Inositol 20.8 6.0 17.2 4+ 1.9 1 0.69
4 ““ 4 choline 23.8 6.4 7.3 0.6 | 0.39
5 | Liver 40.8 10,4 | 27.3 4.4 {1.37
6 “ 4 choline 36.4 i1.1 199 £3.1 | 0.9
7 “ 4 inositol 39.1 10.7 14.9 1.7 {0.74
8 ‘o4 “ 4+ choline 42.2 [11.4 [ 11.7 = 0.8 | 0.63
9 R ‘4 ““ 14 days 73.0 9.6 5.8 403 §0.37
10 | Biotin + folic acid 37.9 [ 11.2 | 25.93%+3.7 | 1.22
11 I S ‘“  choline 38.4 10.8 18.1 1.6 | 0.90
12 “o4 4 ‘ 14 days | 66.8 9.6 11.2 4+ 0.6 ] 0.69
13 o4 ‘o4 “o24 ¢ 79.3 8.9 6.0£0.5 034
14 R ““ 4+ inositol 35.1 10.4 19.7 2.4 | 0.77
15 o4 ‘¢4 “+ 40.2 |11.3 [10.3 3-1.8 | 0.54
choline
16 | Biotin + folic acid + inositol + 64.9 | 10.0 51403 |0.33
choline 14 days
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folic acid from intraintestinal synthesis, while folic acid alone (Group 11)
exerted even less effeet than biotin alone. The combination of choline
plus inositol always served to regulate the liver lipids unless unsatu-
rated fatty acids were given (Group 9) or tocopheral were lacking
{Group 13). However, neither of these cfiects was very marked and may
not be real.  No effect ascribable to the presence or absence of vitamin K
was noted, although it must be stated that no prothrombin time deter-

minations were performed on the blood of animals in Group 16, and in fact,

TaBLe 1V
Effect of Sulfasuzidine on Liver Fat Concenlration
All animals received Diet E + the basal vitamin supplement.

Group | Cho- | Inosi-| Bio- | Fotic | Toc- N corn Food | Weight| . Liver fatty No ol yats
No. | line tol tin | acid ?:?:l x:l(:lxl;-e oil | intake | change ?foia;rr‘ceia:rrdoﬁd hex;xi(ar;g;sgic
"’;‘“g" m. -per cent
1 0 0 0 0 0 0 0 5.8115.2{18.24+2.2 2
2| + 0 0 0 0 0 0 5914.0| 4.8+0.3 0
3 0 -+ 0 0 0 0 0 56 (157101 1.1 2
4 0 + 0 0 0 0 + 52113.7122.243.4 4
5 0 0 + + + + 0 8.8126.1|27.443.2 6
6 -+ + + + + -+ 0 10.2 | 37.6 7.1 4-0.6 0
7 0 + + + + + 0 9.9 32.423.2 27 4
81 4+ 0. | + + [ + + 0 9.6[29.1116.4+1.8 1 -
91 4 + + + |+ + + 106 1353 8.2+0.8 0
10 + 0 + 0 + + 0 7.3121.5 8.1x£1.0 0
11 | + 0 0 + | + + 0 7.0(23.7] 7.04£0.3 0
12 + 0 0 0 + + 0 5.4 114.6 5.0+ 0.2 0
3+ + + + 0 +.{ 0 | 100]28.1] 9.2 4+0.5 2
14 0 + + + 0 + 0 9.3126.4|28.54+3.6 7
15§ + 0 + | + 0 + 0 9.9130.1)21.0+3.1 4
16 + + + + + 0 0 10.4 | 34.0 7.14+0.4 0
17 | + 0 + + | + + 0 7.9[71.3] 8.940.7 0
- (24 days)

between that of Diets B and C but did contain cystine and cholesterol.
The same basal supplement was also given to these animals but without
p-aminobenzoic acid. The results are summarized in Table IV. Each
figure represents the mean of a group of ten rats.

The results werce essentially in agrecement with those found previously.
Again choline alone was sufficient to maintain normal liver lipid concentra-
tions (Group 2) unless biotin and folic acid were present (Groups 8 and 15).
The cffects of biotin alone (Group 10), however, were less notable than in
the previous experiments, presumably beceause of the diminished supply of

no specific deficiency symptoms of biotin, folic acid, or inositol ever were
noted. In contrast to the former results, however, was the finding that
rats given choline, folic acid, and biotin still appeared fo require dictary
inositol after 24 days (Group 17).

The inhibition of the lipotropic action of inositol by unsaturated fatty
acids reported by Beveridge and Lucas (10) was confirmed in both scries of
experiments (Table II, Group 18; Table 1V, Group 4). Some suggestive
evidence of a syncrgism between inositol and tocopherol was also obtained
in both series. This can be scen in Table 1T by comparing Groups 15

——
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and 17. In the sulfasuxidine series, when biotin and folie acid were given,
in the absence of choline, inositol plus tocopherol (Group 7) was slightly
more effective in regulating the liver lipid than was inositol alone {Group
14). Further, even when choline was included with biotin, folie acid, and
inositol, slightly fatty livers were found when no tocopherol was given
(Group 13), while when choline and tocopherol were not included in the
supplement the highest concentrations of liver lipids and the greatest inci-
dence of hemorrhagic kidneys were observed (Group 14).  However, there
was no evidence that tocopherol exerted any lipotropic influence of itself
(Group 5). : '

DISCUSSION

In the recent work of MacFarland and McHenry (5) it was found that,
while inositol alone was sufficient to control liver lipid concentrations when
liver extract was administered, the combination of choline and inositol
was required when crystalline biotin was given. On this basis the authors
sought to distinguish between the biological activity of the liver extract
and that of biotin and also between the mechanisms involved in the lipo-
tropic actions of choline and inositol. However, the liver extract used
contained about 20 mg. of choline per cc. according to Gavin and McHenry
(2) and since the dose used by the former authors was 2.0 ce. per day they
supplied approximately 40 mg. of choline per day in the liver extract. In
consequence, the addition of further choline to the diet could not have been
expected to have any lipotropic action and only inositol was required to
secure normal liver lipid concentrations. In our present work, the liver
extract provided only 5.5 mg. of cholinc per day; so that further choline as
well as inositol was required to regulate the liver lipids.

While biotin and folic acid, under the specific conditions employed in
this work, definitely increased the demand for dietary lipotropic factors,
there is no evidence that cither of these substances actually plays a specific
role in lipid metabolism. When liver extract or biotin plus folic acid as
well as the basal supplement was included in the diet of rats which had
previously existed on a diet seriously deficient in all of these factors, there
occurred a much greater increase in food consumption and growth than
that scen when only those members of the vitamin I3 complex which are
normally required to be present in the diet of the rat (basal supplement)
were given.  Under these circumstances then it would seem reasonable to
expect an increased demand for lipotropic factors; 7.e., choline and inositol.
The demand for inositol diminished as the appetite and growth stimulation
by the folic acid-biotin combination tapered off. This oceurred when the
rats had attained a size not much smaller than that of animals of a com-
parable age on the same basal diet (which is low in protein) supplemented
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with the basal vitamin mixture but never previously depleted. At this
point also it scems likely that the intestinal fora which normally provides
the biotin, folic acid, and inositol for rats on diets devoid of these factors
is again established and capable of meeting the requircments for these
substances. This is borne out by the finding that when sulfasuxidine,
folic acid, and biotin were given there was still a small demand for inositol
after 24 days. Such a point of view seems reasonable also when one con-
siders the demand for inositol as well as choline when the high fat diet was
fed without any liver extract, biotin, or folic acid. ‘Tt is consistent also
with the previous observations (8, 11-13) that fatty livers due to choline
deficiency are not found in animals which are, for any reason, losing weight
and that the extent of the accumulation of liver fat in choline deficiency is
roughly proportional to the food consumption and growth rate, particularly
in young rats. From this standpoint, there is no real justification for the
use of the term “biotin fatty liver.” :

Probably the significance of the present study lies in the suggestion that
a diet which is seriously inadequate in the usual accessory food factors may
not only result in the deterioration of the host animal but also of the symbi-
otic microorganisms in the bowel and thus produce a deficiency of the
factors ordinarily provided by these organisms for their host. Further,
since there is an increased appetite and over-all metabolism during the
period of convalescence from any disease in which there is appreciable
weight loss, there may then occur an increased demand and consequent
relative deficiency in the supply of those vitamins provided by the intes-
tinal organisms, as their synthetic powers may well be limited.

The present work does confirm the lipotropic action of inositol, although
it does not suggest any mechanism for this behavior. In contrast to
previous suggestions (3, 5) the data do indicate that inositol exerts no
selective activity for cholesterol esters rather than the glycerides. The
possibilities remain that it functions either by the formation and trans-
port of inositol-containing phospholipids or as a phosphorylating catalyst,
perhaps similar to phytic acid, which accelerates the formation of the nitro-
genous phospholipids. This possibility is now being investigated. How-
ever, it does appear that even in the absence of dictary choline inositol
exerts lipotropic activity. The antagonistic action of the highly un-
saturated fatty acids was also confirmed. '

Of interest is the repcated suggestion that tocopherol may also funection
in this system. The effects noted, while quite small, were consistent and
in keeping with evidence from other sources. Thus Milhorat and Bartels
(14) have suggested that a tocopherol-inositol ether may be an active agent
in reducing the creatinuria of human muscular dystrophy. Dam and
Glavind (15) have found that inositol prevents the exudative diathesis of
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vitamin E-deficient chicks, a form of capillary damage which may be
similar or analogous to the hemorrhagic kidneys of choline-deficient rats,
and that inositol prevents the deposition in the soft tissues of vitamin I
deficient animals (16) of a brown pigment somewhat similur to the ceroid
in cirrhotic livers due to choline deficiency (17). In both instances the
accumulation of this pigment is dependent upon a source of unsaturated
acids, usually a fish liver oil (16, 18, 19). The deposition of such a pigment
in the muscle, both smooth and striated, of vitamin E-deficient animals
has been a consistent finding (20). While Dam has stated that no toco-
pherol was found in an alkaline hydrolysate of a lipocaic preparation (16),
this problem warrants further investigation, since inositol has been impli-
cated as an active component of such preparations (21) although it cannot
of itself entirely account for lipocaic activity (22). Further, we are now
determining the effects of inositol and tocopherol on the deposition of
ceroid in cirrhotic livers due to choline deficiency. :

~ This work was supported by grants from the Josiah Macy, Jr., Founda-
tion, the Duke University Research Council, and a Charles B. Mayer
fellowship of the New York Academy of Medicine. Our thanks are due to
Dr. Thomas L. Jukes and Dr. E. L. R. Stokstad of the Lederle Laboratories,
Ine., for their generous gift of folic acid, to Merck and Company, Inc., for
the other crystalline vitamins used in this work, and to Dr. Dean Burk for
a biotin analysis of the liver extract.

SUMMARY

The administration of biotin plus a basal B vitamin supplement to rats
which had previously been fed a low protein diet with no B vitamins re-
sulted in fatty livers despite the presence of adequate amounts of dietary
choline. This was accompanied by a considerable increase in food con-
sumption and growth. The further addition of folic acid accentuated these
phenomena, although folic acid without biotin did not produce these effects.
Inositol prevented the accumulation of liver fat without affecting cither
appetite or the growth rate.  When a relatively high fat diet plus the basal
B vitamin supplement was given to previously depleted rats, inositol was
again found necessary to maintain normal liver lipid concentrations even
in the abscnce of suppleinentary biotin, folic acid, or liver extract, and
the effects of biotin plus folic acid were even more pronounced on this diet.
However, if the experiments were continued for 24 days, choline alone
sufficed to provide normal liver fat concentrations, as the food consumption
and growth rate declined after the 1st week with a consequent decrease in
the demand for dietary lipotropic factors to a level at which the supply
of inositol from synthesis by the intestinal flora was sufficient to meet the
inositol requirement. When sulfasuxidine was included in both the deple-
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tion ration and the experimental diet, the cffects of the biotin-folic acid

combination were again manifest but neither
appetite, growth, or liver lipid concentrations.

alone markedly affected
However, the demand for

dietary inositol was still apparent even after 24 days, presumably because

of

inhibition of intraintestinal synthesis. The inhibition of the lipotropic

action of inositol by unsaturated fatty acids was confirmed and suggestive
evidence was obtained for a synergistic activity of inositol and tocopherol

in

activity. The significance of these findings is

1.
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this system, although tocopherol of itself exerted no apparent lipotropic
discussed.
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FACTORS AFFECTING THE OCCURRENCE OF
HEMORRIIAGIC KIDNEYS DUE TO
CHOLINE DEFICIENCY
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Department of Biochemistry, Duke University School of Medicine,
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(Received for publication December 3, 1945)

The hepato-renal syndrome of choline deficiency. is now
a well recognized entity in the albino rat. While fatty infiltra-
tion of the liver with its sequelae of neerosis and cirrhosis
may be produced in rats of any age, renal lesions have only
been observed consistently wlhen weanling rats were offered
diets which were choline free and of low methionine content
but adequate in all other respeets. Cholesterol, eystine and
a high fat intake increase both the incidence and severity of
the disease. This situation has been amply reviewed by
Griffith (*41). There are also a few references to sueh lesions
in older animals but these have not been consistent. From
the work of Griffith it has seemed that such lesions are most
likely to occur at that time when the rate of growth of the
animal is at a maximum and when the phosplolipid turnover
in the kidney is greatest. These concepts have been substan-
tiated by the work of Engel and Salmon (’41) and of Patter-
son, Keevil and McHenry (’44). The present paper records
some obscrvations concerning the effcets of other dictary
factors and lipotropic substances on the production of such
lesions in young rafs and the oceurrence of these lesions in
older rats,

621
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EXPERIMENTAL

All the rats used in these studies were wales of the Vander-
bilt strain (Wolfe et al, ’38). After weaning they were grown
to a weight of 50 gm on a commercial stock chow and then
transferred to the experimental diets. They were housed
either in separate cages or in ““group’” cages, 4 rats per cage.
Unless otherwise stated, all rats which did not die earlier
were killed by decapitation on the eighth experimental day.
Liver fat determinations were performed in the manner previ-
ously reported (ITandler and Dann, ’42). A few kidneys from
each group were bisected and fixed in formalin, then scetioned
and stained with hematoxylin and eosin. Complete histo-
pathological descriptions will not be presented since the
lesions, when found, so closely resembled those described by
Christensen (’42).

Food consumption was measured daily. However, the fig-
ures in the table were calculated only for the first 5 days on
the experimental diet since many animals, on becoming ill on
the sixth day or later completely stopped eating and com-
parison of food intake for the entire experimental period with
animals which did not show kidney lesions would not be valid.
The food intake for rats in group cages was, of necessity,
caleulated as onc-quarier of the food disappearing in each
group cage. All values in the tables are expressed in terms of
one rat for the 5-day period.

The various diets used are summarized in table 1. The
additions noted in table 2 were actually substituted for an
equivalent amount of the dietary .carbohydrate. In addition
all diets except K;, contained, in mg per kilo, thiamine hydro-
chloride 5, riboflavin 10, caleinm pantothenate 40 and pyri-
doxine 3.

The system of grading kidney lesions requires some ex-
planation. One plus (+) indicates lesions in only one kidney,
usually only a slight mottling and almost invariably this was
in the right kidney. Two plus (4+-+) indicates some gross
lesions in both kidneys, Three plus (44+4) indicates the
full blown disease with two, large, hyperemie, almost spleen

CHOLINE DEFICTENCY AND KIDNEYS 623

colored kidneys while four Plus (44 ++) has heen used to
n}dlcate the existence of hemorrhage extending bevond the
kidney and into the dorsal wall of {he peritonenm. This sys-
tem is crude but was quite helpful in comparing the effects
of different dietary regimes.

TABLE 1

Composition of dicts.?

K K K& K. K K K K. Ko K K Ke Ki
Cascin 15 15 15 15 15 10 -1 6 4 10 12 10 12
Sucrose 5 - — = — — — — — 84 71 67 57
Starch — — 58 —_ — 63 65 67 69 — — —
Glucose I L —_
Lactose - - - 88 - - - . . o
Galactose - - - — 88 — - - . . .
Cotton oil 15 15 15 15 15 15 15 15 15 — — 15 15
Salts? 5 5 5 5 ) 5 5 5 5 4 4 4 4
Crisco e e V) S 5
Cod liver

oil 5 5 5 5 5 5 4 4 4 — 4 5
Cholesterol 1.0 10 10 1.0 05 05 05 05 05 — 05 — 1.0
Crstire 04 04 04 04 04 04 04 04 04 — 04 — 05
Cellulose —_ o~ — = . . 20 20 — —~
Sulfasuxi- :

dine - = = = - . 10 10 — —

.‘The additions noted in table 2 were substituted for an equivalent amount of
dl'otary carhohydrate. Tn addition all diets except K, contained, in mg/kg, thia-
mine 5, riboflavin 10, ealeium pantothenate 40 and pyridoxine 3.

! Hubbell, R. G., L. B. Mendel and A. J. Wakeman, 1937, 7T, Nutrition, vol. 14, p.
273, S

Production of hemorrhagic kidneys in young rats

When rats were housed in single eages the diet KK,, which

- was patterned after those deseribed by Griffith (’41), proved

most suitable for the production of kidney lesions. As shown
in table 2, all rats on this basal diet showed some sign of
kidney damage. However, when the animals were housed in
group cages during the experimental period both the incidence
and severity of the disease was markedly less than in {he
single cages, although liver fat concentrations and food in-
take were of the same magnitude in both groups. The only
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explanation which has suggested itself i1s that the practice of
coprophagy provided the rats in group eages with suflicient
choline (or

igs i

source of labile methy]l groups) to protect the
kidney against injury but not enough to reduce liver fat con-
centrations effectively. KEvidence suggesting that some syn-
thesis, presumably intra-intestinal, of such compounds does
occur has recently been furnished by du Vigneaud et al, (43).

In an at{empt to increase the demand for methionine and
therefore choline, nicotinamide was added to the diet at a

concentration of 0.5%. The rationale for this procedure has

TABLE 2

Effects of various dictary factors on incidence of hemorrhagic kidneys when used
as supplements to the basal ration K,.

SPECIAT, NO. FOOD LIVER HEMOURRHAGIC KIDNEYS TYPE OF
SUPPLEMLNT RATS INTAKE  FAT 4+ 4+ 2+ 4+ G ) CAGE
gm %
........ 24 40 14.7 1 15 7 1 0 Single
e 24 36 16.0 0 0 6 8 110 Group
0.5% Nicotinamide 12 21 18.4 0 4 4 3 1 Group
0.5% XNicotinamide 12 22 20.2 0 2 4 3 3 Single
0.259% Inositol 24 37 12.8 17 .6 0 1 Single
0.25% Inositol 12 34 11.6 1 T2 1 1 Group
0.25¢, Inositol -+
0.5% micotinamide 24 22 13.1 8 T 5 3 1 Group
a-Tocopherol 500 gg/day 12 36 15.9 0 7 0 1 Single
a-Tocopherol 500 ug/day
+ 0.25% Inositol 12 38 9.7 0 2 3 3 4 Single
19, Lipocaic 24 35 9.1 0 1 7 5 9  Single
2¢5 Meat extraet 132 40 6.1 0 0 0 0 12 Single
5% liver extract i2 39 5.4 0 0 6 0 12 Single
Biotin 20 pg/day + ‘
folic acid 20 pg/day 12 39 17.1 0 6 5 1 0 Single
0.15% Choline 24 41 8.7 0 5 4 8 8 Single
0.25% Choline 24 42 4.8 0 0 3 6 15 Single
0.5% Nicotinamide 4 ’
0.35% methionine 12 30 7.7 0 1 2 4 7 Group
25% Choline 4+
0.59 nicotinumide 24 26 114 0 7 2 8 8 Group
0.5% Choline +
0.5 nicotinamid» 24 29 6.1 0 0o 0o 2 22 Group
Choline 6 mg/day +
2 3 4 1 2 Single

0.25 inositol 12 37 8.7
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been discussed by Iandler and Dann (42), This resulied in
a considerably increased incidence of hemorrhagic kidueys in

the rat wiually diminished {he

< R P il
11¢ ra tietily Gntiiisnaca

It oey

n

« anone it

in group vages but act
seen in single cages. The latter effect appears to have heen
due to the diminution of food intake caused by the nicotina-
mide induced methionine defieiency.

4

Effects of various Upotropic and alipotropic faclors

The effects of various materials which have been suggested
as Laving lipotropic or alipotropic aclivity were then tested.
The results are also included in table 2. While somewhat re-
ducing the liver fat concentration, inositol actually appeared
to increase the incidence and severity of the renal syndrome.
In many inositol fed animals the gross hemorrhage which is
primarily intra and subeapsular appeared to spread out so
that the entire dorsal wall of the peritoneum appeared
hemorrhagic. Such animals also invariably showed hemor-
rhage in the pericardi -, lungs and evesockets as well. These
extensive lesions were seldom scen on diets which did not
contain inositol. \

Tocopherol deficient chicks exhibit capillary damage which
is manifested as a generalized exudative diathesis whicl is,
however, prevented by the administration of inositol (Dam
and Glavind, ’42). Of itself, tocopherol exerted no activity in
the present experiments. Tocopherol plus inositol, however,
significantly decreased the incidence of hemorrhavic kidneys
below that seen in the eontrol groups, in,striking contrast to
the action of inositol alone. This combination also exerted
significant lipotropic action in the liver. Since inositol has
been implicated as an aetive component of ““‘lipocaic’ prepa-
rations (Abels et al,, ’43; Gavin and McITenry, 41 a), it was
thought of interest to test its activity against choline de-
ficiency hemorrhagic kidneys., Lipocaie was prepared by the
method of Clark et al. (°39) from frozen beef pancreas ob-
tained commervcially and was included as 19 of the dief.
At this Tevel the preparation proved quite efficacious in pre-
venting hemorrhagic kidneys. Unfortunately, the ahioline con-
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tent of the preparation, determined by colorimetric estimation
of the reineckate, permitted a daily intake of about 1.8 mg of
choline. This level of choline plus 0.25% inositol had relatively
little effect on the incidence of renal lesions. However, it can-
not be stated whether the activity of the lipocaic was a direct
one on the kidney, a sparing action in the liver or, perhaps,
due fo more complete liberation and availability of the
methionine in the dietary casein (Chaikoff ot al,, 45). We
are now attempting to obtain a choline free preparation of
lipocaic to test it in this manner. It should be noted that the

lipocaic also effectively prevenied the accumulation of liver

fat as well.

The fatty livers of depancreatized dogs maintained on a
diet of lean beef and sucrose do not occur when the insoluble
residue from the preparation of commercial meat juice ex-
tract are fed, but are manifested when the meat extract is
included in the diet (Ralli and Rubin, 42). Tt seemed of inter-
est to test the effect of meat juice by the present technique
and it was found that when meat extract! was included as
2.0% of the dicet only normal livers and kidneys were found.
However choline analysis revealed that the preparation was
providing about 17 mg of choline per day which, even in the
presence of the inositol may well have been sufficient to
account for the results.

Because of the suggestion that hiotin increases the demand
for lipotropic factors (Gavin and McHenry, ’41b) the effects
of biotin,? erystalline folic acid * and a liver extract prepared
according to the directions of McITenry and Gavin (’40) were
tested. Neither biotin nor folic acid nor a combination of the
two appeared to have any effect. The liver extract, rather
than increasing the demand for lipotropic factors, actually
prevented the appearance of hemorrhagic kidneys. This again
was undoubtedly due to its choline content as it provided at
least 11 mg of choline and an unknown amount of methionine

 Valentine’s.

? Mercek.

? Lederle.
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per day. The actual voles of biotin, folic acid and inositol in
the homcostatic control of liver fat concentrations has been
discussed elsewhere (Ilandler, '46).

Influcnce of the dictary carbohydrate on the incidence
of hemorrhagic kidneys
Griffith (°41) has stated that starch used in place of sucrose
in synthetic diets prevented the appearance of hemorrhagic
kidneys although no data were presented illustrating the point.
We have tested the effects of substituting starch, glucose,
lactose and galactose for the snerose of diot K,. In contrast to
Griffith’s statement both glucose and starch were found to
be effective in such diets. When lactose or galactose were

TABLE 3

Effects of various carbohydrates in choline deficiency.
Al rats were housed in single ecages.

DIET CARBO- NO. FOOD LIVER HEMORRHAQGIC KIDNEYS
HYDRATE RATS INTAKE FAT 4+ 3+ 2+ +
gm %%
K, Sucrose 24 40 14.7 1 15 7 1 0
K,  Glucose 12 38 13.9 0 7 2 3 9
K, Starch 12 37 15.5 0 6 3 2 1
K, Lactose 12 26 7.4 0 0 0 1 11
K; Galactose 12 ‘24 8.1 0 0 0 0 12

used no kidney lesions were found and further, there was
only a relatively small increase in liver fat concentration.
The daily food consumption was lower on these two diets, and
it seems possible that this may account for these effects. While

~it is not shown in the data (table 3), those rats which ate

most and did gain weight showed the largest liver fat con-
centrations. No rats on these diets ate or grew as well as
those on the other diets. The general nutritional inadequacy
of lactose as the sole carbohydrate in the dict of the rat has
already been reported by Ershoff and Deuel (’44) who found
that young rats dic after 2 to 3 weeks on such diets. An attempt
to determine the underlying mechanism of this nutritional
failure will be deseribed in a subsequent report,
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Delayed appcearance of hemorrhagic Fidueys

While atfempting to determine the optimal dictary condi-
tions for the production of dietary hepatie cirrhosis, studies
were made in which various levels of casein were tried (ILand-
ler and Dubin, *46). The diets used are summarized in table 1.
At casecin levels of 15, 10 and 8% (diets K, 4 ;) the incidenece
of deaths duce to kidney damage between the sixth and thir-
teenth day were 65, 40 and 25% of the total number of animals,
respectively. No animals died in this manner after the {hir
teenth day although they were maintained for 120 days on
the same dicts. When casein was fed as 6% of the diet,
(Ks) no deaths occurred during the apparently critical period
found in the seriés above. Surprisingly however, 17 out of
24 rats then died between the thirty-fourth and forty-fifth day
of the experiment with acutely hemorrhagie kidnevs. The
survivors were sacrificed after 120 days at which time all but
one were found to have the characteristic eross ‘“frosted?”’
kidneys indicative of kidney lesions which had healed and this
was confirmed by examination of the scetions. A second
group of 24 animals were placed upon the same diet and
groups of 6 were sacrificed at weekly intervals. No kidney
lesions were noted in any but the last group sacrificed (28
days). It should also be added that no lesions were found
when 4% cascin was fed (IK,).

A delayed development of renal damage due to choline de-
ficiency has also been noted under other conditions. These
have been described elsewhere (Handler, ’46) and so merit
only brief mention in the present report insofar as is per-
tinent to the discussion. Male rats were fed diet K., which
contained 10% casecin and no fat or B vitamin supplement
for 21 days after they had been grown to a weight of 80 gm on
a stock ration. They were then transferred to diet K,; which
contained 12% casein, 10% ecrisco and adequate B vitamins
including biotin and folic acid and sacrificed after 8 days.
Nine out of 12 animals showed varying degrees of renal
damage and all showed markedly fatty livers. Choline alone
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was sufficient to prevent the renal lesions but did not quite
produce normal liver fat concentrations. Inositol plus
tocopherol also reduced the incidence of the kiduney lesions
and also considerably diminished the liver fat concentrations.
While this appearance of hemorrhagic kidneys is not delayved
in the same sense as those in the preceding experiment, it
docs again demounstrate that there is no eritieal age for the
development of such lesions, but rather only a eritical situa-
tion which may be produced or occur at any age.

Hemorrhagic kidneys in wnilaterally
nephrectomized rats

The renal lesions of choline deficiency have only occasionally
been noted to develop in mature rats. To check this, diets K,
(15% casein) and K; (8% casein) were cach offered to a
group of 12 rats after they had attained a weight of 250 gm
on a stock ration. The animals were sacrificed after 100
days. Four of the rats on K, exhibited grossly cirrhotic livers
and all livers in both groups were extremely fatty although
quantitative estimations were not performed. All the animals
on K, were found {o have normal kidneys and 3 rats on KK,
appeared to show slight renal damage.

Forty adult male rats, all of which weighed more than
250 gm were then fed diet K,, (10% casein) for 6 weeks to
deplete them of any choline or labile methyl reserves. They
were then subjected to unilateral nephrectomy under ether
anesthesia. In each case, the right kidney was removed as
this is normally slightly larger than the left kidney (see
table 4). They were then changed to diet K,, (12% cascin,
20% fat) and groups of 10 were sacrificed after 8, 10, 12 and
14 days. The results and comparison with control animals
on a stock regime are shown in table 4. Tt will be seen that
hemorrhages were noted in all groups but the critical period
appeared to lie between the tenth and fourteenth day after
nephreetomy. Actually 4 yats were found dead on the thir-
teenth day with severce renal lesions and ave included in the
table with the group sacrificed on the fourteenth day. The
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large size of the kidneys noted in these rats was undoubtedly
due to a combination of hypertrophy and hiyperemia such as
that scen in choline deficient weanling rats on such diets.

As a control, 12 rats of the same size maintained on a stock
ration were subjected to unilateral nephrectomy in the same
fashion. Two weeks later they were placed on diet Ky, All
rats survived for another 6 weeks when they were sacrificed.
Moderate lesions were found in only one rat.

TABLE 4

Hemorrhagic kidneys in wnilaterally nephrectomized rats.
Each value is a mean for a group of 10 rats.

LEFT  RIGHT  HEMORRMAGIC KIDNEYS
STATE OF RATS DIET TIME XIDNEY KIDNEY
WEIGHT WEIGHT 3+ 24+ 0
days gm gm
Normal Stock 0 0.61 0.67 6 0 0 10
Right kidney removed Stock 8 1.04 0.71 0 0 0 10
Right kidney removed Stock 14 1.17 0.70 0 0 o0 10
Right kidney removed K, 8 1.08 0.66 0 ¢ 3 7
Right kidney removed K, 10 1.19 0.72 0 1 4 5
Right kidney removed K 12 1.38 0.70 0 3 3 4
Right kidney removed K. 14 1.70 0.74 3 3 2 2
DISCUSSION

The data presented show that renal lesions due to choline
deficiency may occur or be induced at any age and are most
likely to occur when the food consumption, growth rate and
lipid turnover are maximal. Ordinarily, the lipid turnover
in the kidney probably parallels that in the entire animal.
During the period of hypertrophy after unilateral nephreec-
tomy in adult animals, however, it appeared that the demand
for lipotropic factors was at least as great as in the young
growing ral and when these were not provided in the diet the
typical picture of choline deficiency renal damage was found
in the remaining kidney. Further, renal damage due to choline
deficiency appears to be an acute rather than a ehronie cumula-
tive process. The study of delayed appearance of such lesions
on the 6% casein diet (K,) confirmed this concept with regard
to the morphological aspeet of the kidneys, yot demonstrated
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that such damage may ocenr at any time during the life eyele
if proper conditions exist, although it is difficult to'state pre-
cisely what these conditions are.

Despite its lipotropic action in the liver, inositol did not
afford any protection against renal damage, hut, if anything,
appeared to inerease both the severity and incidence of the
disease. On the other hand a combination of inositol and
tocoplierol offered some protection. A lipocaic preparation
also appeared to offer a greater degree of protection than was
warranted by its choline content. It cannot be said whether
this was due to a combination of factors or to an actual ehem-
ical entity which has been designated as lipocaic. If the
preparation contained an appreciable amount of tocopherol
and inositol this might have been responsible for the observed
activity. This would parallel the inositol-tocopherol relation-
ship in preventing the capillary damage and exudative dia-
thesis of vitamin E deficiency (Dam and Glavind, '42). Dam
(’44) has stated that no tocoplerol was found in an alkaline
hydrolysate of a lipocaic preparation but it is doubtful that
any tocopherol could have remained after such drastic treat-
ment nor would it necessarily have split an inositol-tocopherol
ether such as tbat proposed by Milhorat and Bartels (’45).

SUMMARY

Rats housed in group cages failed to develop the renal
lesions of choline deficiency on a diet which was quite effective
when the rats were in single cages. The addition of nicotina-
mide to this diet resulted in renal lesions even in the rats
housed in group cages. While inositol exerted lipotropie
activily in the liver, it appeared to increase slightly the inei-
dence of hemorrhagie kidneys due to choline deficiency. A
combination of inositol and tocopherol as well as a lipocaic
preparation significantly decereased the incidence of such
lesions while biotin and folic acid were without effect. Wean-
ling rats on a diet containing 6% casein did not develop
hemorrhagic kidneys until after 35 to 45 days, in contrast to

rals receiving diets of higher protein concentration which



632 PHILIP ITANDLER

develop such lesions in 6 {o 10 dayvs. While few adull rats
developed renal lesions on choline deficient rations, choline
deficient adult rats subjected to unilateral nephrectomy uni-
formly showed such lesions after 10 to 14 days, the period
during which the remaining kidney hypertrophied. When
adult nephrectomized rats were placed on a choline deficient
regime 2 wecks after the operation, renal damage was ob-
served in only one of 12 animals although they were continued
on the diet for 6 weeks.
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Inositol Decholesterization in Old Hens.*}

GEeoOrGE R. HERRMANN.
From the Department of Internal Medicine, University of Teras.

Inositol was found by Gavin and McHenry!
to prevent the development of a special type
of biotin fatty liver, but no such lipotropic
activity was demonstrated against thiamin
fatty livers. Abels et al.? found that inositol
accounted for the lipotropic property of a

* With the technical assistance of Anna H, Wil-
liams, Luey Prosise, II. Tom Leigh, John Prt:wett,
and George W. Reimer.

t Inositol was gencrously supplied and the study
was, in part, supported by a grant from the
Medical Research Department of the Winthrop
Chemical Co.

1 Gavin, G., and McHenry, W. E., J. Biol. Chiem.,
1041, 189, 485; 1943, 148, 25.

2 Abels, J. C.,, Kupel, C. W., Pack, C. T,, and
Rhoads, C. I., Proc. Soc. Exp. DioL. aAxp Mep,,
1043, 54, 157.

lipocaic preparation when given to patients
with gastrointestinal cancer. Inositol admin-
istered preoperatively, reduced the average
concentration of fat to 46% of that of almost
uniformly fatty infiltrated livers of untreated
patients. Shay® could demonstrate no reduc-
tion in the size of fatty livers in diabetics
nor any changes in the blood cholesterol by
the daily administration of 1.2 g of inositol.
However, Russakoff and Blumberg* reported
reduction in the blood cholesterol and cure
by inositol in doses of 1 g per day, in a pa-
tient with a dermatological condition associ-
ated with a disturbed fat metabolism.

3 Shay, H., Am. J. Digest. Dis., 1943, 10, 48.
4 Blumberg, 1L, and Russakoff, A. H., unpub-
lished data, quoted in Ann, Int. Med., 1944, 21, 848.
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TABLE 1.

Effect of Tnositol on Blood and Tissue Lipids.

!

Tissue Cholesterol, mgW

Blood cholesterol, - —
mg /100 ml Phospho- Aorta Heart Liver
- —  lipids — ; —_— - —
Total Esters mg/100 ml1 Total Esters Total Esters Total Esters
Controls 274.8 166 9.6 230 176.2 275 223 340 240
36 old hens 8.D. +39 +19 +2.7 +41 +204 *71 =19 *+65 24
(A) Series (7)
Inositol 1st BL* 254 +28 201429 7.5+1.7
25-30 . 2nd BL. 220 *20 169426 10 =+1.1 -
days 3rd BL. 202 %18 151+16 9.4+0.7 210 160 172 126 281 221
- +10 =+19 +96 =9 +285 +23.5
(B) Series (16)
Ino.t control
1st BL. 230 29 181427 8.6+1.3
Ino. 25 days -
2nd BL. 206 *20 160420 11.3+1.9
Ino. 55 to 68 days 197 145 167 127 241 178
3rdbl. 176 =13 140+12 129419 =27 422 +40 429 +60 +35
(C) Scries (23)
Inositol  1st BL 237 =29 187+31 8.7+12
. 2nd BL. 210 =*24 163320 11 +1.9 . :
30-68 days 3rd Bl 184 =+19 135+16 11.8+1.9 201 155 166 . 129 253 191
+38 *+24 +37 *29 +55 =93

-+~
* Bl—Bleeding. tInositol. 8.D.—Standard Deviation, =,

Further studies seemed to be in order and
inositol was therefore subjected to animal
experimental studies similar to those made
with other lipotropic substances.®
. Two series of old hens from high egg-pro-
ducing stock were individually caged and
given the standard high-fat laying mash
(Purina). Blood was withdrawn from 16,
and later 7 more, hens for the determination
of control levels of total cholesterol, choles-
terol esters, total and inorganic phosphorous
levels by the methods of Bloor,® Bloor and
Knudson,” and King,® respectively.

Inositol, 0.5 g was then added to the diet,
and put down the gullet of each hen daily.
All the birds were healthy throughout the
experiment. After 25 days blood was again
removed for the chemical studies and at
the sacrifice after 30 days in 7 hens and
after 62 days in 16 hens. The aorta and
approximately 0.25 g of heart muscle and a

5 Herrmann, G. R., Proc. Soc. Exp, BIoL. aND
MEb., 1946, 61, 229 and 302, (Note: In these two
communications the subheading under Tissue
Cholosterol total/eaters determinations on aorta,
beart, and liver were erroncously set down as
mg/230 mg instead of mg/l00 g to which
amounts the caleulations had Leeen made.)
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tissue analysis of inositol-treated hens showed
reductions in concentration of 9% and 9%
of cholesterol total and esters in the aorta in
30 days and 14% and 12% in 52 to 68 days.
The heart muscle levels dropped 37.5% and
43% in 30 days and 40% and 41% in 55
to 68 days, and those in the liver were 17.6%
and 18.3% in 30 days and 25% and 20%

similar mass of liver were removed, weighed
accurately and macerated with sand and ex-
tracted with ether alcohol. The 10 cc ex-
tract of each organ was analyzed and the
amount of total cholesterol and cholesterol
esters in 100 g of each tissue calculated.
The statistically-treated data for the 7 hens
treated for 25 to 30 days and for the 16 hens
treated for 55 to 68 days are set down in
Table I and for all 23 inositol-treated hens
for comparison with the normals previously
established.?

It is evident that barely significant reduc-
tions in cholesterol in blood and tissues de-
velop in 30 days while definite reductions
have been recorded in 55 to 68 days.

Under the conditions of this experiment,
the total blood cholesterol dropped about
11% and the cholesterol esters about 13%,
but the organic or lipid phosphorous rose
about 31% after 25 days of inositol. After
55 to 68 days, the average total Dblood
cholesterol had dropped 22%, the esters 179,
and the phospholipids had risen 50%. The

¢ Bloor, W. R., J. Biol. Chem., 1910, 24, 227,

7 Bloor, W. R., and Knudson, A., J. Riol. Chem.,
1816, 27, 107,

8 King, 1, J., Biol. Chem., 1932, 26, 240,

in 55 to 68 days respectively below the levels
in the controls established in previous
studies.® -

The results seem to indicate that inositol
is a decholesterizing agent and effects some

- mobilization of cholesterol and cholesterol

esters from the tissues.
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Chemotherapeniic Regression of Malisnant Mouse Turmors
, ki g f :

7

MARTE L, HESSELBACI and DEAN BURY, Nutional Cancer Inslilule,

Belhesda, Aervlur

Avtnenricared cases of complete
regression of spordencoas malignant
tumors in either man or animals are
rare. Demonstrated causation of
such regressions by known chemo-
therapeuatic agents has, until re-
cenlly, been virtually unkoown or
without general  acceptance. A
group of investizators® at the
Cancer Research Laboratory of the
Mt. Sinat Hoespital in New York
City are now reportin
plishnrent of this object in several
strains of mice, upon injoction of
pure chemicals al siles removed
from the cancers (remote adiniuis-
tration). This new rescarch is of
unosual interest to experimental

* This group consivts al present of Dr.
‘Richard  lLewisohn, Cectlic  Leuchten-
herger, Dr. Rudoll Leuchtenberger and
Dr. Dantel Laszlo, and formerly consisted
of Dr. K. Bloch and Dr. Z. Dische also.
The work has been supported in part by
the International  Cuncer  Research
Foundation, the New York Foundation,
Merck & Co., Tne, and the Lederle
Laboratorics, Tne.

G

cancer workers, cliniclans and in-
dustrial biochemists alike.

For cight years, the Mit. Sinai
group have carried their work (I-
15a) through a logical developnient
from carly pionecring experiments,
in whicli various non-specific tissue
extracts and techiniques were ex-

~plored, to current ones in which a

< the secom-

37

combination of  well-established
methods is used 1o test definite
chemical entitics.  In bricf, studies
hiave been made oninlibiting effects
produced by extracis of various
apimal tissues, veasts and grains,
and of the B vitamins, on {rans-
planted mouse Sarcoma 180 and
spontancous mamnmary adenocarci-
nomas of Bar Harbor Strain A and
Rockland Farms mice, the agents
usually being introduced by intra-
venous injeclion, and sometimes
accompanicd by dietary modifica-
tions, The most recent cexperi-
ments are the most arresting, and
are concerned with regressions pro-
duced by folic acid and related sub-

slaniessy (i(*'n m";fz VIUICES UG/)
and ather known witmnins,
Berf-Sploop 1 Fhe  fit
A

fre T

report, publizhed 1n 1938 (D), was
concerned  chiefly  with  offective

spleen extraets, and was based upon
the clinical observation that earej-
nomatosis of the spleciis relatively
rave, It was demonstinted  that
¢olier workirs who obleined nega-
tive results with spleen extructs
were unsuccessful possibly because
the dosages employed were too
small. Very low doses weie found,
in fact, to be defiuitely stimulating
to tumor growth (1), and olten
caused Sarcoma 180, which is nor-
mally nonmetastat’, to produce
intraperitoneal and  other nelas-
Lases.

The {irst spleen extyacts prepared
were exanned for thelr power to
cause regression of actively growing

ransplunted mouse  tuniors  (Sar-
coma 180, obtained from the
Crocker Laboratory).  The mice

used were healthy Rockland Farms
femuales, weighing 18 (o 20 gm.

Kach tumor was tested before
transplantation, and some after-

ward, for microbiological sterility,
and hcart blood tests for para-
typhoid organisms were alse made
on a percentage of the mice. Aque-
ous sterile extracts of beef spleen,
equivalent to 100 g, of tissue por
cc., were injected  subcutancously
near the Ieft hip joint. There was
no irritation, inflammation or in-
fection al the site of injection.  The
first injection was given 7 1o 9 days
after the tumor transplant was
v oade. Of 281 mice freated with
0.5-ce. doses of spleen exteact—
the only organ with any important
poteney--—-there were 170 cascs, or
607, of complete tnmar vegression:
m the control group of 2090 mice,

there were 23 spontineons regres-

- of residual tumor.

"
«

¥ . . s . E] .
Riconn o Cuicnoad Progie -

SEON,

splern oy

o Althoosh the aelive
criplos did 1ot
lwvartonen ~Lin-reactUon
did cause tumor
Leviovrboce inuach the same main-
ner asdoshw avlzanen-positivepropa-
rations.  The initial Lemarhing.
appeared anywlicee  from several
howrs after the first injection up
until 3 or 1 daily injections had been
given.  When he heinorrliage had
increased in size until i was sur-
rounded Dy only a thin wall of fresh
tuor iissve, the tumor decreased
or stopped ils growth, and a scab
covered  the  hemorrhagic  area.
Later, this scab with uaderlying
necrolic tumor was expellud, leav-
ing @l o cavity which broke into
the remaiaing tunior tissue ring and
absorhed 1t alll After a few weeks
of daily injections, the tumor dis-
appeared completely, and the area
was absolutely normal except for
a slight alopecia. It took 2 to 3
weeks of Lreatment for moderate-
sized lumors to disappear and 1 to
6 weeks for large oncs. Injections
had to be continued for 2 or 3 weeks
after there was no outward evidence
Excellent care
had to be taken of these animals,
and the frequency of injection indi-
vidualized, to cut down mortality.
No gross recurrence of these tumors
occurred within a five-month period
of observation. Most of the cured
animals dying of natural causes
during this period had no traces of
tumor-remnants on histologic ex-
amination. The same spleen extract
was also fried on a rat sarcoma and
a few, spontancous breast tumors of
mice, withoul effect (hiopsics were
not performed).

Tlealed-Splecn Exlracts— Tt was
neal reported (1 2Y that the spleens
of theiee cured of their Tumors by
beef-splecn injoctions were enlarged

el
{

3
why
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praciaoinicitoi, 1t
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the grovth of larigr.
were prepaeed from these enlre
spleens To contuin the cquivalent of
T oeme of fresh Hisaie per co. The
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made and docale of Tajection were

changed from subculancou~ on ie
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leg to intruvenous into the {a
The Jonger the period i 1o a poiat
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weeks) befwern cure

auntopsy, the more effective, seom-
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imgly. was the extract. It
thought possible that this e
mdicale an accuimdution of
bodies in the spk
regressicin of the
sell Wneain that of
bocdy
ovear o few monthe
Thl‘ nicide of o1
abonl fuent
was sotres hot
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crend frons thad

Jo Fhere was no
hemorshage Joving regression, but
necrosis  and  wunanification,  or
sequestration folloveed by heding
by epithelinlization. These extracts
gave, i the Saccoma 180-boing
mice, quisher cures and higher pee-
centagzes Uicreof, than uormiad heel-
spleci used ot 100 fimes e con-
cenlration! They were the first
extracts whneh proyved sicecessfol in
limois

curing  sponlypeans hreasd
in mice,

Sponlancans Teniers and Spleei
Ealiacts. Inothe neal set of experi-
ments (23,85 Sirain A siice, e :;J'In;;
sponbanicores fniionarey adenoeari-
Novigs, ol con el /)‘\' 1»;.'/,'!.‘7";‘, Te-
ceived fnhias ciae,

il s:-;';r:»-ﬁ(ntg;;”l\,
Hiteaperiton: o) Goosubeatng cos -
the
Bt oncd v oos Saimed e ffective for

(HIT Whireas Dy (L
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jections, ot wlhien used ol
.

Lhigiiess-.,
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‘ bicen (»':v\!'!"st‘(g
stroton of guoieo, 35 darinls
IR P Sy IR 1
AN LA Yo T (A Y A0 OB eil-
{rated beef Sleon ontrnet oove 7
complefe FOLPessicGns (21063
Thirty-ci; given the
Lend i exticel showed 13
such cures (G190, The remoining
Fliviee wore treated with “imene
splo entrnet™ withi 5 cnres 13550
the Sinmsune spleen extract”™ came
PR . ! . R - . ] 1]
from the spleon of a voung hul
that had cecedved many subeuline-
ous inocululions over a period of
monthis of tnnor tssae from spon-
taneous Lreast cancers of Stiatn A
mice smd from e coneers,
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W aninals

spleen
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S Eres nothe thece groups (3097),

crons becanie edemntons and
There were 8
erventioe! e% !3!1'&:"‘."1‘(111;;%
which the iovesticotors aseribed 1o
oo carty discontinuance of dujee-
ticus,

3y 10U (3), 712 hiopsies ad heen
performed on Strain A mice bearing
spontaneons tumors.  The hmport-
ance of maling biopsies of spon-
taneous tumors, an established pro-
cedure in all of this work, was made
evident by the finding that 99, or
139, of the tummors  examined
proved 1o be novmelnant or
doutiful (adenionas, milk
evs=is, swallen glonds, ebronic in-
flananations).  In answer to the
cribicisnt that Diopsy, per se, might
cause regressions, 81 Strain A mice
were subijected to biopsy only, with-
oul. cheinothergpeutic treatment.
Some Lumors showed o marked re-
duaction in size monediatedy follow-
ine biopsy, due lo evacuation of
liquid,  Othiers showed temyporary
cossalion of growthy or temporary
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recessicn, ol
the olseroan
SIen pezre e wdes oeenrved SRS
tanrconady withos ! Lo
menl. Perancat spo
ETessions oceuired,
treatment; tg (L
than 167,

Yeasl  FEurlract: Vollonwing  ve-
ports thal veast in the diet capye-
tmes retarvded the crovtl; of experi-
mental  Lwnors, splenic extracts
were novw replaced by yeast ex-
tracis (3). Duaily or alternnte in-
Jections of agqreous exlricls, con-
taining appresboately (he equiva-
lent of 3 gmis. of brewers’ veast per
e were jnjected intres enows!s it
the tails of o group of yaice bearing
spontuncaas breast cancors ond, in

Inslances, also subeutansonshy, as

Y,
far as possible from the tomor site.
To avoid recuriences, injeciions
were continued for some tme after
complete regression.  Twenty-two
Strain A and 11 Rockland Farms
mice bearing spontancons mamntary
cancers, so treated, gave 5 and 3
cures, rvespectively. By the same
trealment, 309, of cures were ob-
tained (7) in another group con-
sisting of Strain A, Strain R 111,
aud old Rocklund Farms niice hear-
g sposlancous mammary {uinors,
and Stiein R TH mice bearing the
highly malignant transplan{ed Car-
cinonma 2163, Cureful postmortem
and hListologic examinalions failed
Lo show any remains of Lunor tissne.
At the time of death the animals
had been tumor-free for from 1 1o
12 months.

It was found (1) that the (wnor-
inhibiting factor could be dest royed,
or even a tumor-stinmlating fae-
tor could be fornied, by digestion
withowealoalkali. In o given prepo-
ration, the inhibitary fuctor dis-
appearc? parallel with the disaje-

i lrect-

IO ee
witheut known

[STE T Uf h‘na

=

Yypn 0 T e ey
VLCORD O VL

pearancs of the ehility (o support,
bucterial crowth. The setive prin
ciple was found (7)) 10 he walo
solable, compuratively Uiermostable
al neutral pHononproteln in nature,
net wffected by nitrons acid, and
preciptiad o by high coicontrations
of ethanol snd phosplintungstic acid
but not by Jead aceluic or silver
nitrate, TOvwas adsorbed by Fuller's
arth el norife, Lut uot by per-
mutit, Efforts at elution were un-
snecessfil - Antolysic of the yeast

1. SRLILANY

Wi fee

cells prior Lo extraction caused loss
of the active principle.

The causuiivn by both spleen
and yeast extraels of regression of
analignant twnors, and the hio-
logi tchemiood characteristics
of the setive principle obtained from
yeast, all gove scme indicution of
what this principle might be (1).
From here on, the work narrowed
down more and more to the test-
ing of specific chemical subst ices
indicated, chief of which, of course,
were the B vitamins, Pyridoxin,
pantothenic acid, and biotin, in-
Jected singly, had no inhibitory
effect on spontancous adenocarci-
nomas (7). Riboflavin or panto-
thenic acd injection in addition
to the ycast extract, gave no belter
results than yeast alone, The yeast
extract itsell’ contained only neg-
ligible amounts of pantothenic acid,
ribofluvin, biotin, thiamin, and nico-
tinic acid.

A set of experiments was next
performed to test whether the effect
of yeast éxtract alone, or in combi-
nation with cerlain B vitamins,
given by infravenous  injection,
could inflience the percentage of
takes of Carcivoma 2163 in Strain
ITIT niice. "This eareinoma Tave
95 1o 1005, takes in the MU, Siind
Laboratory, and proved very re-
si=lant (o treatment. To i groun of

A



aninals receivive nontothende aelld,
yeast extraci wies oiven anly for (e
first L0 days afier fraieplontaiion,
Inthie  experinents  involving
thiamin ot siboflivin, yeast extyuct
was given for 10 eonsecutive days,
and stopped on the day of trans-
phuttation.  Yeast extract  alone
gave 209, non-takes; with panto-
thenie acid also added, it pave 1797,
son=takee s e witle el Cavin clded
also, 629,. The addition of thiamin
had no effect.

As the pm'm;qtn_ge of oures b'\;
means of veast extracts could not
be raised cither by mcrensing the
dosage or by repeated daily injee-
tiong, it was decided 1o iry the addi-
tional influence of « restricted dieg
(). Polished rice and e
substituted for mouse ;ollois and
carrots. Since the combinaticn of
this dict and Jujeetions of yeast
extract, definitely  wocelrated  the
healing process, it voes not nocessary
o continue the dict wntid tie tumors
had disappesred catively, and so
the mice were rarely on this re-
strivied diet for more thaa three
weeks,  The diet aloite was in-
effective in causing regression of thic
spontaneous fumwors of B TIT and
Rockland Fasins mice. Farty-one
Rockland Forns mice on the rice
diet treated with yeast  extract
injections

L YO

showed G397, complete
regressions, avernghz 20 days of
treatiment, as aooinst 47 davs with
veast alone. Ten RIIL mice,
similinly treated, goave ! regressions
(10S5) . Netther yeast extract alone,
nor the combined treatnients, had
any effect on the treosplantable,
highty maligiant (“Angust” strain)
ral Carcinoma 13021426, oblained
from Dy Fisen of Columbin Thi-
versity. The poli-hed vice divi had
o coffect herc when used incombi-
nalio !

with frice five eash eatiacls

Inothis vonmection, B0 is noteworthy
e or abscnice of ac-
extracts de-

3¢ ¥yt

d ¢ son the method
ol extraction, the hrewers” mode of
calturing of the yeast cells, and
their source.

Rapid Grow!h Test. —In fulfillment
of a need for o rapid test for tinor
inhibitors, the following technique
was evelved (1030 7 Lo 10 duys after
woeulation  with  lumor  tissue,
groups of 7 miice cach are carefully
tumior size, within

P N B YR PN
AT as Lo

the dimueter 1.0 = 0.2 cnu, which,

at this stage, indicates vigorous
growth with but fow spontancous
regressive el
injected fwice ¢
the eor ol
expering adal anbaoke the test sub-
stance. After 13 Lours, the differ-
ence in mean terminal size and
weight of the tumors in the varions
cups permiie the detection of
tamor growth lnldbilors.

Exteacts of 14 wolds tested by
the rapid method were all in-
effective; as were also the following
crystalline  substances:  thinmin,
riboflavin, pyridoxin, pantothenic
acid, nicotinic acid, p-aminobeuzoic
acid, ascorbic acid, histamine, ethyl-
encdiamine, methionine, and a vila-
min mivture consisting of thiamin,
riboflavin, pyridoxin, pantothenic
acid, nicotinie acid, p-uminobenzoic
acid, biotin and choline.

Inhibitors in Grains—Work with
veast was shelved in 1913 (9) when
unavoidable changes in brewing
processes al hand eliminated the par-
ticular sources of yeast yielding
active extracts. In the meantime,
polished rice had heen examined
as a source of inhibitor substances.
Standard  doses of yeast extract
were given 16 groups of mice on
various dicls The results seemied

v sabine, and the

to indicate (1, il e et
ol polished no! doe o
dictory  defie woocaloric re-

coopresnee of g
heat-lubile 16 - cnhibiting -
stance thereir, Aqueous extracts
of Mee, ('(u'rn\t}\:\g;r!?p; te, O ngms,
of solids per 0.1-ce, dose, were as
effective as 5250 doses oF e
stundord yeust extract, both sels
of animals being kept on e nornaal
peltet-carrot diet. Gther srains (13)
were Eested for their dictay effect
ofl animauls getting standard doses
of a yenst extract. Pearled hinley
and soya Leans gave inerecsed per-
cenfages  of  nhibition,  whereas
wheat flour, onts and corn el
had sowe effect. Whest germ and
malted borley were nefliciive,

Sinee pearied Baloy extiaod was
effective in the rapid growth lest
with transplont Blo Loaors, i was
then used i a long -term enperiment
with spoutaneois tumors n Strain
A and Swiss mice from the Jackson
Memorial Laboratory, and Rock-
Iond Farms mice, in combination
with o pewled-barley diet (11).
There were 19 regressions in 46
mice used (119), including some
with quite large tumors.

Inosilol and Relaled Compournds.—
Inositol, and sodium phytate and
lipositol (obtained from De. D. W,
Woolley), shiowed niuhed inhibiting
effects 1 the rapid growth test, the
aninids being kept on apolished vice
dict for the experimental period of
48 hours. In as yet unpublished
experiments it was found that the
polished rice dicl was not essential,
but gave larger effeets than did a
normal pellel dict.  The offeetive-
ness was shown to depend on the
dosage used (of the order of 0.1
mgn for inositol) and subcutancous
and oral dosages of inositol were
without effect, even at very high

striction, bui

with inferest. Crystalline /.

st Pranang

Foconn o €

dosages (30 e Four hundied
ardtials wore veed for the inosite]
festss As as substinee s Le
obtained in pure, erystalline form,
it mahkes a good  standird  of
reference for inhibitor tests.  The
follovinn sidetine s, aluo teated Ly
the  rapid method  ond with  a
polishied rice diet for the test period,
wore incffective as tumaor inhihitors:
Linositol, Inosose, thinanin,  ribo-
flavin, pyridoxin, nicotinmuide, pan-
tothenic acid, p-aminobenzoic acid,
biotin and clioline.

Tt is interesting to nole a report
by Williams (17) on the injection’
by Tuylor of inositol into hatching
which were inoculated with
Striking inhibitory effeets

PO
t oy

fumonr,

-on both the growth of the cancers

and e developineii of the enbryos
weie observed; ou the other hand,
no offeet was obtained on the per~
centage of takes of a transplanted
Menunary carcinema i mice upon’
adding inositol te a purina chow dict
containing supplementary B vita-
mins.  There have been several
reports indicaling not an antli-, but
a pro-carcinogenic effect of inositol
on the production of hepatomas
induced by oral administration of
p-dimethylunincazobenzene to rats
{Kensler, 17; 18, 19). '
Folic Acid Vitumers-—The recent,
and prohably nrost definitive, aspecl
of the work concerns inhibition by
folic  acid  ~vitomers  (16), with
animals maintained on a_ normal
diet (1), A “folic acid con-
centrate,” obtoined from Merck and
Co., was very coffective in tamnor
inhibition at doses of .16 micro-
gram given wice daily for {wo davs
lo animals bearing Sarcoma 160,
in the 18-hour grow th test; results
of experinients in progress witl
spontidicous fumors are awaited
e
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ST AR i }’xwil;'_z shiehved o
piresent o fvar of ()”11! folie acid
Vikiners, 4i:uo it has heen found
that xantheptering ot the dosnges

s

cploved, c\(n!u;xl!.\' produces
various types of secondary pathol-
ogy inoice, and there Appears to
be an exe eptional number of recur-
rences. sinee the present rescurch,
lihe mast researches, is limited by
titne and the vesourees at hand, it
hosheena prugmr; tic policy Lo spend
hittle or no further elfort on a ma-
tevial thet gives indications of notl
being ‘l[)])lll"l])lt clinically, vegand-
less of whatever fundimental studies
might be wnade further.
Discusszion- As regards the bio-
chemical mode of action of the
effeetive tumor inhibiting  agenls
reported in this work, their action
i< usaally to be distingaished from
et of the Do teiid
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Cpaified paly -

cotiecben
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Shwarlzinanr pherne
thernra or f&i:'“'\' ,'\1! o
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origina!  be
vent throngl s
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'-‘=;s <\h‘:1(‘{. (1),

g of necrosis or

softenins of oo s, follaved
by expulion or shrhakiogs, withiout

hemorr and nee of the in-

.,

hihitors vielded  the Shwar
' rroed (3 TR BN
\Jl\lll A'\& . \Jﬁl’ ’Vllll Lian

ception of one early, very tovie hid-
ney exiract (1),

An indivect, systomis
surh as lias Lo
other vitrnin
SCCHS :
mvelhvieg
in this laiter

mechaiisng,
for certain

<

Wi : St 'g'\ Slivee
('u;..ic'ffc:t; wer (W)
ot conusiviootion= appear on the
whole to be the mon{ effective.
O The known folie acid vitmners
are aclive agoinst anemis, Jlenko-
penin and  granulooy topenia (20,
21, 22}, and arc though! to be
involved in Dlood fornition. ()
With certamn of the inlubilors,
involvement of the spleen is found
(others remain to be studicd).
(d) Many well-known types of blood
pathology are produced by the
dev elopmo it and grow th of cancers,
some of which mlghl coneceiva bl"
be alleviated by folie acid in {he in-
stance: where it produces reeression.

A definite weakness in the ex-
perimental approach and direction
of effort in the work being reported
is' the Tack of studics on early histo-
pathologic and biochemical changes
during regression and  recurrence,
which, in the opinicn of the present
writers, would probably be much
more vahuable in the long ran (i
all of the dewth Lol worl,
Tows possibls the Titter wore vastly

tinl
moroved as {o duaration (1 10 2

to 1
‘H:-'hhlx N

Riceor g ( T Phe g -
-
o hed
T

"‘\l’ N $f e .
ficin wher (hen rqn\ Rl
geobioniig f(.; wsenlly three !'m.(L )

should be introdoesd,
witiad and terming) clapes of Lumer

O8N (le.\ il

clhivnees. and In connection with
distivgni bing o e differenees
Lebveen chomebierapeutic snd the

rare

spontinieotis regressions, which

differcntiztion is al present very
difficutt, The extonsive use of the
48-Lour test for tumor dnhibitors,

in spite of the authors’ comnnen!
that comparisons should not neces-
sarilv he draven between the effects
here and in the longer-teom oxperi-
micnts, srobably rudes out as miang

el nnee i fential inlibitess Ui
it detor s, amee o plete regression
undouiiedly fvelves maeny eritieal

phenomena evident only after moch
Jouger periods of thae. The test
as reported could also be somewhat
()}\jgct«;J to on the grounds of lack
of data on ealovic and water intake
and on the nature of the dietory
régitacs before, during and after
the tests. Such data were indecd
taken extensivcly, but were not
described in detail since the investi-
gators could detect no correlations
of interest.

Accepting the great merit of the
adopted final criterion of compicte
T(‘("r(’hsl()ﬂ Nnow ill use, more cr-
ph(ms chould undeubtedly be zzn on
1o histopathiclogical and biocheniical
phenomiena of partial regression, and
also changes leading to_coniplete
regression, since these offer uppnr-
tunity for a mote fundamental
underslanding that is hound, 1o the
long run, to vield the maxinum
et pentie e Lall,

\ .Ilh s ~‘)*-'1H
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claims of need for unbroken regu-
larity of injection up to periods of
months, in the long-term chemo-
therapy; for white instead of brown
mice due to alleged vastly greater
difficulty of continued tail injections
(brown dba mice have, of course,
light colored tails, though brown
C3H mice do not); for intravenous
rather than other modes of ad-
ministration. )
The scope of the work at present
involves about 150 normal mice, of
various dertvations, a week. Rou-

tine testing of new groups of mice

received, for paratyphoid organisms
in blood specimens, is now carried
out. To date about 6000 biopsies
have been performed on spontaneous
tumors, about equally divided be-
tween Strain A and Rocklaud
Farms mice. No markedly differ-
ent chemotherspeutic effects were
noted. betwveen these two strains.
About 20 Rockland Farms mice
bearing spontaneous tumors arc
received each week, the mice bheing
pen-bred and from a stock of low
tumor incidence. The development
of a high tumor-incidence strain of
mice at the Mt. Sinai laboratory,
now in its initial stages, would
provide a dependable and sufli-
cient supply of spontancous tumors
that could be observed from the

time of origin. The rapid develop-

ment of such a supply could be

facilitated by treating large numbers -

of the readily available Strain A
mice with stilbestrol, or Strain C
with the milk factor. Extension of
the work to male mice, and to
tumors other than marmnary adeno-
carcinomas, to other animals, to
other folic acid vitamers, and to
combinations of the latter with
other vitamins, and to wider dosage
ranges, would quite obviously be

desirabl
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The last, aud probably most im-
portani recommendation that might
be ventured, is that further efforts
be made 1o have this work repeated
in other cancer laboratories, and to

have such results, whether positive-

or negalive, published, or at least
cited 1in the Chemotherapeutic In-
dex.* To be sure, negative results
can seldom have the significance

and value of positive results in a .

ficld as complex as cancer chemo-
therapy, where rigid repetition is
only an ideal; nevertheless, for
what valuc they do possess, there is
a definite obligation. to make them
known. The only published report
on attempled repetition of the re-
search described is the confirmatory

‘work of Woglom (23) in 1940 with

respect ‘o the carliest phases in-
volving cxtracts only.
nslthough much remains to be

* This is now being prepared nnder the
direction of Dr. H. M. Dyer of thc Na-
tional Cancer Institute, following a sug-
gestion made by Dr. Jacob Furth at the
Gibson Island Cancer Conference in Au-

" gust, 1944 (17), that someone compile and

publish all the data available relative to
cancer therapy. Such a survey might he
expected to aid other workers 1n planning
systematic studics in this field of cancer
rescarch. All types of therapy except
surgery and irradiation are to be listed,
and negative as well as positive results of
the treatment of spontaneous, trans-
planted and induced experimental tumors,
and of clinicul cases will be included. The

data will be classified and tabulated in a.

simple manner similar to that in Hart-
well’s ‘‘Survey of Compounds Which Have
Been Tested for Carcinogenic Activity,”
National Cancer Institute, 1941, and will
include the name of the agent, the number
of animals or patients treated, the dosage,
route of injection, number of injections,
the author’s conclusions regarding a bene-
ficial effect, the percentage of complete
regressions if obluained, and the reference.
Dr. Dyer will appreciate receiving both
reprints of publishied work in this field, or
any unpublished results that can be made
available.
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verified and made repeatable at
will, the basie, experimentally sup-
ported  claim  of
peatically  induced  complete  re-
gressions  of certain spontaneous
‘mouse tumors is of undeniable
importance and appears to  be
established. Tt is evident that
extension of this work, in the lubora-
tories of Mt. Sinai Hospital or
o wwhere; should be wat hed v Hh a
good measure of interest.

chemaothera-
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Metabolism of myo-Inositol in Animals
Il. Complete Catabolism of myo-Inositol-"*C by Rat Kidney Slices'
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" go-Inasitol 2204 js not-degradc: -oovespiiatory HCO, by nephrectomized rats,
Thiz snd the results of earlier tracer experiments suggest that the kiduey is the only
orgun of importance in inositol eatabolism. Rt kidney slices could couvert at Jeast
4.7 umoles of myo-inositol-2-1C to MCOs/gm tissue/hour at inositol concentrations
(in the incubation medium) of 12 myt or greater. This is many times the rate obtuin-
able with lomogenates hut is probably less than the true catabolic rate of the tissuc.
Cortes, medulla, and the nephron tubules of cortex gave about equal rates, but tha
of papilla was negligible. Over the range 0.75-9.5 my (inositol in the medium) the
compound was faken up against a coneeutration gradient, The data indicate thal a
rat’s hidneys ean catabolize all of the inositol ingested in an average (1:Lily diet,
Glucuronate isolated from Kidney slices incrnbated with myo-inositol-2-1C was the
b-isomer. Substantially wll the radionetivity was in C-3, us fonnd with purified
inositol oxygenase by Charalunpous [J. Biol, Chem. 235, 1286 (1060)].

The importanee of the Kidney in the ani- inruds was confirmed in our laboratory o
mal eatabolism of mye-inositol was indi- - Wewere then led to extend the plausib! sv
cated by the discovery, inrat Kidney, of an gestion of Burns ef al. in order to ratiopg?
cnzyme or enzymes that cleave jnositol to ™ other “anomalous”  results obtuined
gluewronate (8). Subsequent investigators  Discussion) when Iabeled nujo-imosito! was
denonstrated the formation of p-gluew-  given to rats, Our hypothesis was that +he
ronate and r-gulonate from labeled inositol  entire process of myo-inositol cautadol15ng
 vive (3, 5), but it was found thal inositol  takes place in the Kidney, with little leakage
contributed little lubel to nscorbie acid in the (o the bloodstream of intermedintes, o leasr
ab (5). To explain this finding, Burns and {hose prior to glucose. _
collaborators sugeested that the conversion Direct evidence concerning the mh-#*{w
of mositol to gluctronade and henee to Kidney in inositol catabolism i il s
gulonzde oceurs only in the Kidney, which, obtwined with nephrectomized raf=. which
i the rat, lacks the enzymies foy Uf\‘;i([il‘ill;ﬁ did not form MCO, from pyo-inosit- 13
g‘ulmm.(c 1(;{:1&'9{‘[):1(%‘. “'I(' faet that n.m,\'ltlol Beyond this a direct tost, of the “orm €
15 not an effeetive precursor of ascorhice aeid partmentation” hypothesis did nol appear

PSupported by the Researeh Committee of the  [eaxible, but it scemed of interest to estab i
Graduate School from funds supplied by the  lish whether Kidney tissue enn ofiectely
Wisconsin Ahimni Rescareh Foundaton, and by n carry out the complete eataboli=m Beg
predoctoral fellowship awarded 1o C 1L by the sitol, The oxididion of inositol fo CO g
:)llv].smn of General ,')\l(‘-h.v:.l -H(-u--m.-«-,\", f\““m,m_l Kidney  homogenate preparations was e
nstitutes of Health, Paper 1ol this series: Ander . [
son and Cootx (3. ported by Richirdson and Axelrod @5

® Present addiess: Oregon Regionad Primate  but the vates were very Jow. In the nork i
]Lhw-:n\rh Center, Beaverton, Oregon, seribed in (his paper we accordingly d““"'”
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MYQ-INOSI'TOL-1'C IN RAT KIDNEY

most of our attention to kidney slices. These
wore fourd Lo be highly active,

MATERIALS AND METHODS

Nubstrales, reference compounds. myo-Inositol-
U net, .78, mOC/mmole)® was synthesized
this Iaborutory (12), and uniformly labeled
go-inositol-1C (0.1 mC/mmole) kindly
arovided by Professor S, J. Angyal, University of
wew Nonth Wales, These were diluted with un-
cieled ango-inositol to the speeific aetivities
required in the various experiments. Glucurono-
Cetone-6-1C (0.29 mC/mmole) was oblained from
e National Buwrean of Standards, n-Gulonamide

. wat i gift from Professor Frank Loewus.
Humogenates and slices. Rats purchased from
he loltzman  Co., Madison, Wisconsin, were
aaintained on a stoek (natural) ration and were
~erid in the weight range of 250-300 gm. They were
<unned and deeapitated, and the excised kidneys
«ore placed in an ice-cold buffer-salts medium
sithont glueose (26) until used. After the desirved
of rats were killed, slices, 0.1-0.2 mmn
fuck . were cut free-hand. Papilla was routinely
cmoved during sliving so that the tissue used con-
aned only cortex and medulla (see Results). The
fiees were kept in cold buffer-salts medium with-
1t substrate, and incubation was always started
LS hours after killing the first rat. This served to
<andardize the preincubation treatment of the
ares regardless of whether many or only a few
Aneys were used. Tubules of the kiduey cortex
se prepared by Dr. Claude Arnaud aceording to
we method of Burg and Orloff (4). They were
“ind to be primarily nephron tubules with only
~aht eontamination by eolleeting tubules. Homog-
«les were prepared in 0.25 m sucrose with a

“ner-Elvehjem homogenizer.

Incubations were carricd out in Wurburg fasks,
~thoshaking, at 37°0 fo experiments with slives
b flask was charged with 300 g (wet weight)
“tissue and 3 ml of buffer-salts medium contain-
< byo-inositol-2-1C at the desired concentra-
Hi. Oxygen-carbon dioxide (95:5) was used as
kas phase, exceplt where otherwise noted.
wmethods were employed for trapping meta-
Le GO, 1o the Howing gas procednre, the gas
sod through the flask and into o Vi igreux eol-
b eontiining ethanolamine-Cellosolve (20). In
“elosed flask procedure, the flasks were parssed
tosealed with a rabber injection stopper, 1f
evolution was to be measured for g period
' “Hlll(hn[,, 1110 mm.d ph 150 af |h(- m(“nln(nm

(s

was

mber

We thank l)| L. \ ll mk('\nl llu* Iimul\h aven
i) Laboratory for checking this valne by
Bustion and ('mmtm;., i a0 gas plise propor
il Coner. :
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the flasks were evacuated, vegassed, and resealed
at the appropriste time. On completion of the
incubation concentrated hydrochlorie aeid was
injeeted o gtop the renction. This was followed by
ethanolamine-Cellosolve, delivered (o the center
well. Aliquots of the absorbent were pipetted inio
counling vials and the final golution was made to
0.6 ml ethunolamine, 8 ml methyl Cellosolve, wnd
10 ml tolueue plus seintillators. Radioactivity was
determined with & Packurd Tri-Carb seintillation
counter.

To test whether the slices maintained viability
during the experimental period used, the oxygen
consumption of several lots (100 mg per flask) was
measured. Inositol was added to the medinnm at
levels ranging from 0 to 27.8 my, but it had no
consistent effect. The average consumption during
hour-1.5-2.5 (i.e., hour 3-4 after killing the rat)
fell less than 1095 from the value of 86 & 7 umoles
of oxygen per gram measured during hour 0.5-1.5,

Degradation of inlermediates. Glucuronate was
reduced to gulonate according to Charalumpous
(7), and gulonolactone was converted to gulon-
amide in ammoniw-saturated ethanol. The proce-
dure of Eisenberg (13) was used for periodate deg-
radations.  Any  earbon  dioxide formed was
trapped, titvated, and counted, Formaldehyde and
formic acid were separated from the reaction
mixture, and the formaldehyde was converted to
its dimedon derivative. Portions of the solid
organic compounds were oxidized to carbon
dioxide by the method of Van Slyke et al. (28) for
determination of their specifie activities. Sodium

format® was oxidized to carbon dioxide with
mercuric chloride (24}
To see whether C-1 and C-2 from gulonamide

were segregated cleaunly (as glyoxylamide) from
C-3, 4, and 5 in the periodate oxidation, a sample
of L-gulonamide-1-2C prepured from v-glucurono-
luetone-6-1C was oxidized. Two (o three per cent
of the “C appeared as BCO,, indieating that a

_similar portion of C-2 was contributing to the

middle earbon (formate) fraection.
RESULTS

Fadure of nephicetomnized rats to catabolize
tnosilol * Before being subjected to nephrec-
tomy the (wo rats used had received test
doses of suyo-inositol-2-4C on severnd veesn-
sions, and had exhibited normal  inositol
eat; nbnlmn. This means that the 'Lct,lvxty of
the respitatory CO, rose fo a maximum
I--1.5 hours after the injection, amd 15-25 ¢
of the O administered was expired within
4 hours (10, 22, 23). The aninals were bi

* o eollaboration with 10 AL Weinhold.
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331 HOWARD AND ANDIERSON
derally nephrectomized  under pentobar- O ———
bital anesthesin, and when they regained o7
conseioness, each was given 0.8] mg of -
myo-mositol-2-1C (undiluted) Dy ingra- 8‘% 06
perifoneal  injection, Respiratory  carbon VU“')OS
dioxide was campled ot intervals for 24 3N
1904
hours and - the samples were plated  as D
bu.l"nnn carhonate. None had any detectable P43
radionctivity, g)g
Calabolisin ive liduey homogenates. Homog- $302
—

enates were studied by the cosed  flusk
method, at various dilutions, and with a
number of combinations of cofactors and
activators. The substrate was inositol14¢,
usaally uniformly Jabeled: Ior purposes of
caleulation, mumoles of MO, trapped (di-
vided by six for uniformly labeled substrate)
was taken as equivalent to mpmoles of
inositol catubolized. The highest rate of
catabolism, 7.9 mumoles /gm tissue per hour,
was obtuined with wsubstrate concentration
of 21 mist and 0 754 homogenate (final con-
centration) fortified with™ NAD, NADP,
ATP, nicotinamide, and magnesium  ions,
meubated in air, This catabolie rate is not.
significunt in relation to the estimated
amount of inositol which must be handled by

the rat daily.

Calabolism in Lidney stices: Activities of
the different auatomical arcas. Before detailed
studies were carried out with shees, the ques-
tion was asked whether the ability to
utabolize inositol was localized in a par-
tieular area or functional unit of the Liduney.

TABIE T
CaraBoLIsy OF wigo-INOSITOL By DirrisiceNy
Porrtions or Itar Kipney

y Inosital I’]‘)Siml'\’-”

Arca Wet wt. slices I;}(Ub. conc. B — “/( O

rea (mg) ()mu, .\ (umoles/ (umoles,/gm
wours) =l tissue)

Cortex® 210 4 & 1.5 5.64 1.92 + 0.12
Medullas 228 &+ 10 1.5 5.64 1.83 #+ 0.43
1
)]

Pupill: 138 = 5 1.5  5.64 0.01
Tubunles 75¢ 4.58 1.45
75 2 1.58 2.44

e Two separate experiments with a total of four
flasks of cortex, four of medullu, and two of

. papilla,

P From zero to time indiented, hy the closed
flask method, ; ’
< Wet weight estinated from mg N.

o 1Tz i,
A INCUBATION TIME (HR)

Tia. 1. Time ¢ourse of tihe cutabolism of |
nositol-2-11C to MCO, by kidney sliers 7-
figures at the right sre the injtial eoneentrali.
inositol (umoles/ml) in the redium, The (.,
gas method of CO, collection was used.

"This seemed possible in view of the con-id
able physiological and anatomical differ ..
tiation of that organ. Also suggestive wy
observed harrow localization of the kid; .
neerotic effect of the inositol anfago
2-0,C-methylene-myo-inositol (29).

Table 1 shows the results obtaine! .
incubating slices from the three priney
zones of the kiduey, and isolated tuln
Neither the substrate concentration-
the incubation regime conformed to i
optimum worked out in later expetitis
but it is elear that cortex, medullu, !
lated tubules are about cqually neric
catabolizing inositol to CO,. Papilla i
little activity, which js the basis for rer.
ing it hefore slicing in subsequent -
ments, : T

Time course of *CO, f(.))‘uwlion Trow: 1
mnositol-2-4C. When slices were incubats ©
the standard procedure with several :
ent concentrations of inositol, the
shown in Plig. 1 were obtained. It ne
seen that the evolution of radionetive o
dioxide wus maximal between 1.5 qali®
hours regardless of the substrate conec:
tion used. A fourth run with 0.046 .
inositol/ml, when plotted on an expet
vertical seale, pave a curve similar te
shown, :

If incubation of sliees was started v
2 minutes after Kildig (he rat, n =
differently shaped curve resulted. T
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prodnetion did ot atiain o maximal rade
antil 225 howrs wnd then declined only
Huhitly o the end of the 4 howr eollertion
certodl Phe maximad rde of MCOL evolution
St an nosital concentration of 5.6 winoles, ml
was ahout two thirds of that ob=erved with
e s baodaed proecdure,
Virdalion of calabiolic vale awedh tnosilol
conccalralion. Tn view of the foregoing ye-
nlt=, the rate of "CO, evolution during hour
1o 20 of the standid ineubation (e,
nowe 3 Lo adter Kilhing the fiest animal) was
saken us the best measure of nositol eatabo-
oo Kidoey slices, Shees were incubated
with various coneentrations of mositol; and
e HMCO. outpul during the period  of
soximal evolution was measured by both
e elosed sk and flowimg gas methods,
The results are presented i Iag, 20 Highey
vadues were obtamned by the flowing gas
seethod (hien by the closed flisk method, but
w hoth enses the rates of 1CO, production ot
wst mereased and then Jeveled off at oo
-ub-trate concentration of S-12 mar Averag-
neadb of the values obtained at mositol con-
enfrations of 12 mar and greader gave, as
sares for the maximal rate of #CO, produe-
~nunder the conditions used, 1.7 pmoles”
s Gsue ‘haur under flowing gas and 3.1
noles/gm Ussue hour in elosed fasks,
Tnositol flue during ineubation of Iidney
slices. 'T'o better understand how the cata
bolie rates observed in the previous experi-
Mot may he related to physiologieal rates,
Wwns necessary to determine the offect of
-reasing conceentrations of exogenous ino-

ET_M g e e
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Koz 4
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SR SRR W SR TR B
0 10 20 30
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m&‘t LoEieet of nositol  coneentration on
Benn to carbon dinside, The lap Two curves

Sbtined by the How ing, pas method and (he

Ftivo by the elosed flask methad,

!

RAT KIDNEY SLIEES RN

INOSITOL FOUND
(MOLES/ML OR G

BOUND,

n TISSUE
- R A I ® v
S5 10 15 20 25
INOSITOL ADDED (uMOLES/ML)Y

ST * I

Fra 3. Effect of varving inositol coneentrations
on the distribution of free and hound inositol in
Kidney slices and in the medium, Flasks were
gassed witlo oxygen-curbon dioxide, closed, ineu-
bited for L hour,and assayed. Each point represcni=
2-3 sepuarate experiments s Uinositol concentrations
of O wmoles/ml or below and one experinient at
higher concentrations. Values for the mediam
would have fallen on the dashed line if no changes
huad occurred during incubation.

sitol on the endogenous Ievels, Kidney slices
held in cold buffer-salts in the usual way
were accordingly incubated for 1 hour with
mereasing concentrations of unlabeled ino-
sitol and then separvated from the medium by
filtration and frozen. The free inositol con-
tent of the slices was determined by homog-
enizing them in water and assaying with
S@ccharomyees carlsbergensts (1), Assay of an
aliquot following overnight autoclaving in 6
N 1RO and then neutralization (16) gave
the total inositol. The difference between the
total and free inositol represents bound
inusitol. Intracellular free inositol concen-
tradions were compuled from the values for
frec inositol in the slices by corrceting for the
extracellular fluid - volume of the  tissue,
taken to he 2500 (27).

The datw, plotted in Fig. 3, show that at
Sl external concentrations between 0.75
and 9.5 v (nitial, 0.75 11 man) there was
uptake of mositol against a grvdient. At the
upper end of (his roge aninteaeellubar free
mositol concentration of 9.5 my was al-
tained. Fhis vidue was not mised by further
increasing the external inosttol; i faet, af.
very high external inositol levels the intra-
cellulir caoncenteation deelined  somewhal.
At externd coneentrations below 0.7 ma
the inositol in the wediwne appeared 1o in-

erense slielicly,




Satb HOWARD AND ANDERSON

Tsolation and degradation of v-glucnropale-
5 from Bidney stices. Slices, 200 g from
G orats, were distributed among four flasles
aned inentated 123 howrs with mego-inositol-
90 (ahert 01 moles mb). The flask con-
tents plius rinse water were homogenized and
the protein was precipitated with perehlovie
acic. The supernatant fluid was brought to
pIT S0 with potassiun hydroxide, thus re-
movivg the perehlorte and assuring the
opening of Tactone rings. Adsorption on
Dowex 1-formate and clution with 0.7 N
formic . cid gave 63 peg, by Aitration. of
amionic derinl, This was subjected 7o
eradient clution and resolved Into several
radioactive peaks s shown in Ig. L

From the experienee of Loewus and Ielley
(21 it was suppo=ed that peak 4 would be
gulomate, and peak 5, gluenronate. Puper
chromatography of a lactonized aliquot of
peads 5 showed that the padlionctivity moved
with anthentic glieuronolactone, The rudio-
active substanee of peak -4, however, failed to
co-ervstallize with authentic L-gulonolae-
tone. No further attempts were made to
identify it or the substances of peaks 1-3.

Carrvier p-glueuronie aecid, 1916 mg, was
added to the peak 5 solution, the pH was
adjusted to 7.4, and sodium glueuronate wag
erv=tallized by ethanol addition. The re-
covered ervstals (200 g, 96 yiekd) had a
specific activity of 121 dpm ‘pmole, un-
chaneed by reerystallization. Reduetion

gave gulonolactone, mp. 1865 NGO, of in-

5
¥ 400+
=
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éaoo‘ .
5 .
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¢ 2001 5 4
2 i "
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© 100y I 7 N
. | 1 R
2 80 100
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PG, 4, Blntogeam of  the aionie material
obtained from et kidney slices following inenbe
Gon with wogo-inosttal 210 Paelve wl ol Dlowes
1 ONS, 200 100 mesh, formade Tortg were ~harried
infos 1 X 30-cmn wlars column, Flation was with
formic neid, 02 0.06 & (Reference 210 Flow e
wis ahout 1oolZmanute, and 3l fretions were
calleeted

creased specifie activity (135 dpnpa,
showing that  the glurwronate reen,
by the earrier precipitation was the b oo
I labeled n-glucuronide had been pre -
the earvier preeipitate i would Tave
climinated, with a consequent lowern
the specifie activity of the earrvier di
product, when the latter, after vedu
was erystallized as gulonolactone (5).

Periodate degradation of 0.005 now.-
sodium gulonate from the laetone (d::+
with carrier to 66 dpm Zumale) viehle? +4,
following results: carbou dioxide fron €
(U-6 -of gluoenronate), innetive; fon . de¢
hyde froni C-6 (C-1.of gluenronate),
tive; sodium formate from C-2-5 (G5
of the glucuronate), 20 dpm/uwmole. T
latter figure is equivalent {o 80 dpm med
of gulonate and fully accounts for the
activity.

Periadate degradation of 0.046 wne!

w~

gulonamide, m.p. 122.5-124° (Referenee &

“prepared from the undiluted Jactone «

sodium formate which should be de
from three carbons of the gulonate of
but should not inelude C-2. The s
activity was 5 dpm/umole, or 15 dpiy o
of gulonamide (1156 of the fotal). By -
ence, 896 of the activity of the gulon
must be in C-2 (C-5 of glucuronate:
true figure is somewhat higher s
shown m a control degradation (Ve
a small pereentage of C-2 “leaks” v
formate fraction,
DISCUSSION

It is evident, from the vesalts v
above, that rat kidney tissue ix able 1o
out o vigorous eatabolism of o i
Kidney slices incubated in o stmple |
calts mediwm and supphied with nei
ax (he only ovganic substrate were .
cnstain thix entabolism for severs!
The facl that the rate of MCO, evoluts
gow al the heginning of the inenbatt
inereased Tor o period of an hour or b
of conrze, an atifact of the expets
sitiation. This initial period was s
for the process of inositol uptahe RS
Kidney eells to establish o stedy st
ing of the pool of inositol which we
oxidized,

Thal the uptake of inositol hy kide
wonld e an aelive provess was © be &

A
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peeted frome the ohiservations of Diaavson and
Freinkel (11), who found the masitol levels
in many  organs, including Kidney, to be
Ligher than that in blood in intact animals,
Our resulls confiom thix expeetation, and
Jienw that the process operated over o con-
derable range ol concentreation differences.,
Further mformation is provided by the ye-
eond dida of MHauser (17); using radioac-
pvity ax an ndieator this  investigator
demonstrated aetive uptake of inositol by
rat Kidney slices al the rather low external
comcentration ol 0.017 . Since our data
ior the range 0-0.75 mw, and Hauser’s for
0.017 non, mdieate a small net flux of ino-
stel from the tissue to the medium, an
evehange process may be involved; or the
figures may represent a unidivectional up-
tahe by undamaged cells that is more than
balwneed, at these concentrations, by loss

o damaged eclls,

Fven if the dntaet cells exclhinnge inositol
with the wedium, the intracellular inositol
may not have beconie completely labeled
mour experiments, purticularly at the lower
dernal concerdrations. Hauser found that
especifie activity  of intracellular frec
mositol wis still much less than the extra-
cellulay alter o 2-hour ineubution. On the
ather hand it s possible that the peol of
no<itol which is undergoing catabolisin is
“nlv o portion of (he tolal inteneellular free
se-iol Tn this ease the degree of labeling of
e active pool might approsel that of the
sedium alter =175 hours of ineubation.

I 3s interesting that at high external
seitol Jevels the intracellular inositol con-
sotration reached o limit. Morcover, the
vernal nositol concentration just sufli-

il to rse Inbracellular inositol to the
s was the same as that which just
< vemaximad eatabolie vate, This vesult sug-

S5 that the transport system becomes

Aated before the catabolizing system.

The venson for the wmueh Tower met:holic

Py of homogenates, as compared with

“sowas not discovered inoour limited

“Eowith the former. Tn view of the high

ol iositol oxygenase i eilro (6) very
bt astiade concentrations may have to,
. ST gel maxinal rates with honnog

s The quick “reaction inaelivation”

7' mositol oxygenase woulld al=o contribufe

to the low activity of these preparations. In
any case it 1= clear that all rates of inositol
oxidation so far obtained with Kidney
homogenates represent only o small fraction
of the capability of the whole tissue. It
would therefore uppear unwarranted to con-
clude from observations with homogenates,
as some authors have, that there are two
pathiways for the iaitial stages of inositol
atabolis in the kidney.

In order to use our data to arrive at an
estimate of the capacity of the rat kidney
for the complete catabolism of inesitol, some
assunptions are required. The first of these,
as mentioued in the Results section, is that
the release of ¥CO, from inositol-4C invalves
complete oxidation of the compound. This
will hold for myo-inositol-2-14C if catabolism
is by the glucuronate-xylulose pathway (sce
helow) since m this seheme only the 1-carbou
of inositol is lost in an carly decarboxylution.
The remaining earhons are converted to
hexose phogphate or triose phosphate, and
the eventual release of MCO, from these
through the operations of the Krebs eycle
may be defined as complete oxidation. A
second, reasonable assumption is that rates
of oxidation in the intact kidney under
physiological conditions are at least as great
as those achieved, at similar infracellular
concenirations, in slices incubated n vitro.
A factor which will tend to make our caleu-
lated rates less than the true rates is the
probahility, discussed above, that the intra-
cellular inositol did not become fully Iubeled.

If 4 300-gm rat consumed 20-gm per day
of a diet containing 3 mg -of inositol per
gram,® and i all of this nositol were ab-
sorbed, then the daily load, ignoring bio-
synthesis in the rat’s own tissues, wonld he
333 wmoles. T the weight of the kidneys was
3 gm, awd they operated at the vate of 4.7
pmoles/gmhowr (the maximum caleulated
from our "COy data), their eapacity would be
338 pmoles/duy. Since analyses (15; unpub-
lished  data obtained i this luboratory®)
show that the normal intracellular free
inositol concentration in rat kidney is prob-

A typieal value For rad rations eotipounded of
n:turad feeds Gumtysex in the authors laboratory),
PO vabiee 18 8 giobes /g ecl! contents, assime

ing Wl (he inositol s inbmeellabar, Bisenherg and .

Bolden's lignre is somewhat higher,
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ably close to the mashmum fomed inder o gen derived  from wgo-mositol 20300
conditions, the tissue shonld casily achiove  nearly equally labeled in positions 1 4

the st ente i eieo, The quoted rte is it- - (Reference 3), instead of Targely in 6.
solf o conservative cotimate, henee it seems dicted frome the glueuronadesylulo-e
wife oocomelude that the Kidneys of ool way, may  be attributed o s

can dispose of the wsud doad of ingested  proces=es oremning during the Tone resgds
inositol, phs additional inositol biosynthe-  of the ghwose in the Kidney. When il
cized i the tienes, Thusif, on other ground:, zinized rats are given myo-mositol 200
one arvives al the hivpothesis that inositol  urinary glucose, whichiis presimbly bt
catabolism in Ahe rat i uniquely o funetion shorter time in the Kidney, has consider.o
of the Kidnevs, the present data indieate that - higher activity m C-6 that in O, o.
fhe kidneve have the eapocity for this peeted (P A. Weinhold, unpublished o -
function. 9). The Iibeling in C-1 ix sl substie
The exg . iment with nephrectomized rets however, and the mechanisn by whiely
stronzly b Hedes the kiduey as the ora:’ s achieved remieing to be elueidated.
in which inositol entabolisin s initiated. The isolation of labelad gluctronate 1
Although ominimal number of rats was in- - Kidney slices incubated with wiyo-inosit)
volved, the snimats served as their own con- MG provides additional support for the v
trols, and the results were cleav-eut. The  elugion that animals eatabolize inositol .
fuet that these aninuds did not convert  the glucuronate-xylulose pathway. The 1
inositolC 1o BCOL <hows they were not  that the label was in position 5 shows +
cleaving nositol 1o pglhcewronate,  sinee glueuronate was derived divectly from v
nephrectomized vats are known o be able to inositol, for eveling of the lahel th
eatabolize vegluewronate (1), I organs glueose would put it i positions 1wt -
other than the Kidnev have the ability to Presumably,  the  inositol - oxygena-c
eleave nositol, this ability was not manifest Charalampous s responsible for the fon
wder the ciretnstances prevailing. The  tion of p-gluewronate e vive, sinee it v
extrarenal clenvage of nositol in ifact rats shawn (7) that the two variants of thi
ix ot of course ruled out by thiz experiment,  zyme eleave 2-Jlabeled inositol (o S-labes
but the evidenee cited next suggests that the - p- and w-glieuronute, respeefively.

role of other ormtnis i rmal inosital eatab- © Tn previous examinations of urinany ©
olismy is prohably minimal. curonate devived from labeled nositol o

The results of many e rieo tracer experi-  {he p-isomer has been definitely detor
ment= have led to the conchidon that the (5, 10). Although izolation from hees =k
offective pathway of inositol entabolism is afford o better opportunity of defco
cin glucurenate, the X_\']Ul‘l.\'(‘.\', and the L-ghuceuronate, it s indeed Tormed i
pentose phosphate evele (18). Tlowever, a5 fissue, our data likewise suggest tha i
stated in the introduction, there are some ot present. Before its absenee s conclt
meonsistencies in the tracer dada, These in- however, @ more  definitive SSLANE
consisteneies are laveely explained by the
hypothesis of “organ compartnentadion”
(completion in the Kiduey). Tnaddition to
clarifying the obzervation that inositol is not
wgood precursor of aseorbic acid, this
hypothesis explain: why the maximmn in the 1. Arnix, Lo Semeeaz, AL S Wi W
U, expitation cwrve following o dose of axn By CONL T B g Clonr v
osiol-1C oeem = <ome hours before Tiver 16, 111 (). . .
and ninscle glyeogen are apprecianbly Tbeled 2o ANpRisox, Ly Coors, AR Ter

- . Proc, 1T, 182 (10581,
e 28 Cfurther hed dato he ’ , ‘
(see 2, 3,105 Turther, unpublished data hee 4 Axmiios, L asb Coors, 11

should be performed in which 1 glienr
is used s carrier.
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STUDIES ON MYOINOSITOL

II. POSSIBLE ROLE OF DIETARY MYOINOSITOL
ON THE GROWTH PROMOTION OF YOUNG RATS
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YAMAMOTO ann KUNIO YAGI!

Institute of Biochemistry, Faculty of Medicine,
University .of Nagova, Nagoya

{Received September 13, 1965)

Although the nutritional necd of myoinositol has been widely observed at the
cellular level of organisms (1--5), its vital essentiality in intact mammals is scarcely
accepted since the demonstration of any symptoms caused by myocinositol deficiency
is rather said to be extremely difficult probably becaus: of its possible biogenesis
in some mammalian tissues (6—9). IHowever, in sypite of this unequivocal fact, the
results deseribed in the preceding paper (10) has revealed the beneficial effect of
dietary myoinositol on the growth of young rats. Ience, it may be necessary to
indicate the reasons why myoinositol is capable of promoting the growth of young
animals.

Concerning this problem, Agranoff and Fox (11) has suggested an antagonistic
action between choline and myoinositol during the rapid synthesis of cells in
developing animals. The main subject of this study is to accomplish some experi-
mental approaches to their assumption, in order to clarify the nutritional role of
myoinositol on the growth of young animals. In the present paper will be described
the growth suppression of young rats accompanied by a rise of P/N ratio of their
hepatic lipid fraction, which is provoked by the successive administration of a large
excess mycinositol. In addition will be described the restoration of retarded growth
as well as elevated P/N ratio by feeding the rats on a high protein diet or with
increasing amounts of .oline. ’

EXPERIMENTAL

1. Animals and Ration

In bLreeding experiments, Wistar strain of 20 day old male rats (average body
weight, 50 g) were used, while 2 month old ones (average body weight, 120 g) in
the control experiments. Unless otherwise mentioned, the basal diet and vitamin
mixture were prepared according to the preceding paper (10). In one experiment,
cascin content of the basal diet was elevated from 22 to 30 per cent, whereas sucrose
content was decreased from 645 to 565 per cent. Animals were housed in the
ndividaal cage, and grown in the room maintained at 18 237,

U R, KON, LT, A
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2. Administration of Myaoinositol and Choline
Rats were divided into 6 groups, and the 4 groups were administered .
pulsorily with 0.5 m] of myoinositol solutions at a definite time every day as <heo
in Table 1. Each group consisted of 3 to 8 animals. To minimize the influ,

TABLE 1
Administration of Myoinositol and Choline

Experimental Add‘i_‘_igg,.w,_ R
group Myoinositol Chouline
mg/day mg/day

Exp 1

A _ . 1.26

B 0.5 - 1,25

C 5 1.26

D . 10 1.25

S a 50 1.25
Exp 2

¥ — 1.25

G 0.5 1.25

H 5 o 10

1 10 : 20

Je . . 50 100

a Administered as suspension.

of the administration of such a large volume of inositol solution, control grou;:
(group A) was also administered compulsorily with 0.5ml of distilled water. Iu
the latter experiment shown in Table 1, a large amount of choline chloride wa-
a large amount of administered simultaneously with myoinositol by dissolving it~
necessary amounts into each myoinositol solution.

3. Extraction of Hepatic Total Lipids

Extraction of total lipids from liver homogenates was performed according &
essentiallv the same procedure as suggested by Entenman (12). Namely, rats wen

sacrificed Dy decapitation after ether anesthesia and the livers were removed ane

weighed. At this time, bloods were collected from carotid artery in order to ¢
amine the level of serum cholesterol. Liver slices were homogenized with it
volumes of cthanol-dicthyl ether (3:1, v/v) by using ultra-turrax. Dry weight
each liver was measured by weighing an aliquot of the homogepate after drvive
in the oven at 110° for 24 hours. Each homogenate was extracted with 50m! ¢
the solvent at 60° for an hour, and centrifuged. This extraction procedure W
repeated three times. Combined cxtracts were evaporated to dryness in vacto &
the residue was redissolved in 20 m) of petroleum cther (bp 40 60+). The resultit.
solution was washed twice with cach 10ml of distilled water and was made v

definite volume using a volumetric flask.

4, Assay of Lipids
© To datimate the total hepatic lipids, an aliquot of petroleum cther extracts
evaporated and the residue -wvas weighed. Phosphoius content in the liver N
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was determined aceording 1o the method of Nakawura (13), after ashing with 6o
per cent perdiloric acid aceording to the method of Alen (14). Nitrogen content
was Ceterpined by a micro-Kjeldahd technique, using the spectrophotometry  of
pubochinsky (05), Determination of total cholesterol in the liver lipids and serum
wits perforined by the method of Zlatkis (16). '

5. Determination of Urinary Myolnositol
Twenty-four hour urine was collected for the assay of myoinositol by housing
3 rats in a cage, the bottom of which was connected to a beaker through a funnel.
Myoinositol exercted in urine was estimated by the chemical method using periodate
oxidation techningue (17, 18), after the remuoval of inhibitory substances such as jonic
subt nees and sugars by the routine procedure. No particular treatment was made
for .o ramoval of arinary glycerol.

RESULTS

1. Inhibitory Iij/}'('z [ Large Excess Myoinositol on the Growth of Young Rats
When young albino rats were fed on a diet described by Forker and Morg. ..
(19, the administration of 0.5 to 2mg myoinositol apparently stimulated their
prowth (10). Tlowever, as indicated in Fig. 1, its L ge excess administration does

150+
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] o e
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B i I

Days
Fie. 1 Groicth Repressing Effect of M yoingsitol «when dmini-
steved fnoa Larce Eccess Amoun?

A, no addition; B, 0.5 my/day; C, 50 mg/day of myoinositol.

sob adways accerelate, but rather appears 1o repress their growth, When 50mg or
more myoinositol was administered to the young rats daily, retacdation of body
meipht gain was initiated after breeding for about ten days as il rats were fallen
Mo a o sort of shight chronic poisoning. Results were fairly reproducibile in the
bree trigls of examination.  As shown in Table 2, there weve no significent differ-

thees wong these experimental proups in the urinary excretion of  myoinositol.
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TapLe 2
Urinary Eccretion of Myoinasitol

Amount of myoinositol Amount of myoinosir.
administeree - i 24 hour nrine
mglday mg
- 0.182
0.5 0.155
5 0.256
10 0.140

50 0.176

@ Averaye value of three animals.

Therefore, it may be possible to consider that ‘most parl of dictary myon
absorbed in boedy, could be metabolized through the various routes (20).

Relating to the above findings, the effect of the successive administration
large excess myoinositol on the two month old rats were examined as a contre
run, but no effects were observed during the two months of breeding even in v
case of the group administered with more than 0.5 g of myoinositol every day.

Hence, the results may suggest that such growth repressing effects may oc
preferentially upon younger rats ratle r than upon older oncs. It might be pos !
to suppose z difference in the behavior of dictary nyoinositol in the Lody betw
young and old rats. A reason for such a :lifference should be attributed to ¢
difference in the rate of the cellular multiplication.

2. Effect of the Increase of Myoinosit:l Administration on the Hepatic Lip:
Since the lipotropic character of myoinositol has been widely accepted, it miyt:
be natural to deduce that such an inhibitory action of excess myoinositol on t!
growth of young animals is, at least partly, due to its influence on the lipid o
bolism. TFrom this standpoint, the amount of serum and liver total cholestern! «
firstly examined. However, as indicated in Table 3, the elevation of the amonnt

TABLE 3
Effect of Divtary Myoinositol wpon Amount of Scrim and
Liver Total Chaolesteral

Administration Serum tolal . : Liver total

of myoinositol cholesterol cholesterol”y
mg’day mg/ml mg
— 1.46 14.7
0.5 1.50 134
5 1.44 14.5
10 1.4] 13.4
50 1.51 15.2

@ Avergge value of 18 animals,
b my/g of total hepatic lipids,

myoinositol dosage could not render a significant influcnce on the coneentrate
total cholesteral not only in serum, hut also in the lver. Howcever, it was
that /N rutio of hepatic total Jipids tends to rise in all the three trials exes

by increasing the amount of me oinositol administration, as thown in Tabk
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TABLE 4 .
Fffect of Dictury Myoinositol on the P/N Ratio of Hepatic
Lipid Fraction
Adminisiration Series | Sor‘igs 2

Series 3
of myoinoxitol P Na 1P/ Nb P”, - N PINlr [';(, Ne 7

b
mysdan ngr B myg my mg mg
- I8.8 16,65 Q50 01237 224 154 0.6480 1 0,099 20.0 18.8 0.477( 1 0.060)
0.5 17.3 14.8 0547 ~ 01760 .

5.8 O.606( 0 0.085) 223 20,0 0.490( 1 .0.067}
5 220 14.9 0617 - 0118} 5.4 0,665 1 0.101) 225 19.7 0.508( ! 0.132)

10 19.6 13,9 0606 0,184 78 070004 0.176)  26.5 21.3 0.543(- 0.014)
50 20.0 14.0 0617000079 5.2 (

5.2 07611 0.139)  26.6 20.7 0.564( +0.033)

2 Phosphorus and nitrogen content were calculated as mg/g of total liver lipids.

PN represents molar ratio between phosphorus and nitrogen. Figures in paren-
thesis represent the standadd deviation. Al figures are the average values of 3-8
animals

the presumption that phosphorous content of the lipid fraction reflects to some
extent the amouni of total phospholipids while the nitrogen content the amount
of nitrogen-containing phosphalipids is true, the present result may indicate that
the ' patic total phospholipids were incresed by the increase of myeinositol
adnicsstration, whereas those containing nitrog. 1 were relativel, decreased.  Further
support of sucll interpoetation should be desired.

Although there is no direct cvidence that this rise of P/N ratio of liver lipids
is the very reason for the growth suppressing cffect of the excess dietary myoinositol,
the fact may strongly suggest the possibility that one of the significant action of
dictury myoinosito! in the youny animal body is, as far as it is given in an appro-
priafe amount, to accerelate the biosynthesis of the phosphatide, that is, extremely
important like other phospholipids to produce cellular constructions.

3. Restoving Action of High Protein Dict or Increasing Amaunt of Choline
Administration

As described above, if the successive administration of excess myoinositol
provokes a rise of P/N ratio of the hepatie lipids, it should be valuable to take
into account the antagonistic action of choline and myoinositol as suggested by
Agranoff and Fox (11). Thus, when the nutritional balance is taken into account,
it may be necessary to examine the influence of the protein content in the ration
or the effect of the simultaneous inerease of choline dosage.

Fig. 2 shows the average body weight gain of cacl group fed on a diet con-
tining 307 casein, It should Le noticed that no particular repression of the growth
wits observed even upon the rats administered with 50 mg of myoinositol daily.  In
+ddition, it might be noteworthy that the effective wmount of myoinositol for the
srowth promotion of young rats is clevated a little when they were fed on such a
Bigh protein diet. 1t is likely that the nutritional effect of myoinositol is fairvly
Heeted with the amount of proteinous nitrogen taken by the young animals,

As expected from the working hypothesis of this study, the rise of P/N ratio
“bothe hepatic Bipid: was obviously restrained by feeding the rats on the high
crotein diet contiaining 309, cascin as shown in Table 5. This fact niy he exe

Y . . . . .
“med by the sanie reasons as desoribed i the followin,: = speriments performed
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Body weight g)

' 1 1 I
0 .10 20 30 40

Days

FiG. 2 The Average ITncrease in Body Weight of Each Group
Fed on a Diet Containing 3025 Casein

A, no administration; B, 0.5 mg/day; C, Swg/day; D, 10 mg/day; E,
50 mg/day of myoinositol, ’ .

TapLE 5 )
Analytical Date of Hepatic Lipid Fraction of Ruats Fed on
a Dict Containing 309 Cascin

Qfd;‘;;[;iisnturgi‘ti(‘;‘l“ Total tipids: Totlal cholesterolt Phosphoroust Nitrogent P/Ne
mg'day my'g mgly mylg mg/g
—_ 172 12.2 19.7 17.0 051701 0.105;
15 189 12.6 19.2 18.0 0.489( : 0.0362
5 174 129 18.8 15.2 0.553( . 0.038
1_“ 215 14.2 16.2 16.8 0.440{ + 0,035
o0 162 9.7 154 16.3 0.520{ * 0.014:

¢ mg/u of dry weight of liver.
b mg/y of total hepatic lipids.
¢ Molar ratio; figures in parenthesis represent the standard deviation.

by increasing the amount of choline administration. By elevating the protein <ot
tent, a little repression of the relative amount of hepatic cholesterol was olsered
althougly ot this time we have no direet informations o explain such a phenomer
from the nutritional standpoint.

H the increase of the dietary nitrogen may indireetly restore the formation 9/
nitrogen-containing phospholipids and, as a result, may control the rise of PN 1.0
of the liver lipids, simultaneous inerease of choline administration has to he expet 4
to provide similar influcnce. Actuadly as indicated in Table 6, repression of ’!,“t‘
rise of TN ratio was again observed. This may he evidence for the propoes
antagonism hetween choline and myoinositol, and may reveal a flank of nutrit-ed
significance of myoinositol. However, the result shown in Table 7 could net de -

monstrate any particalar offeets on the hody weight pain of youny rats I Y
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TABLE 6 -
pal xtical Daia of Hepatic Lipid Fraciion of Ruts Administered
with Dncreasing Amionats of Choline

Lxperine ntal

wroup Total Hpider  Total cholesterolr Phasphoroust  Nitrogen® P/N-
mglr mee melg mg'y
I 224 18.9 20.3 18.2 0.50:3( 10,0823
G 21 17.3 17.3 16.5 0.514%{ + 0.078)
H 265 15.7 159 12.9 0.522( - 0.096)
i 214 21.0 21.0 191 0.498( 1 (.090)

1 188 2.3 26.3 217 0.5430 1 0.078)

g/ of liver dry weight,
5o,y of total hepatic lipids,
¢ Molar watio; figures in parenthesi- represent tle standard deviation.

TABLE 7
Average Body Weight Gain of Rats Receiving Increasing
Amowunts of Choline

Experimental group: Average body weight gain

g/day .
N 1.9
G 2.5
H 2.1
1 24
J 1.1

@ See Table 1. Figures are the average values of 5 trials,

simultaneous increase of both choline and inositol. In addition, the rats administered
with 100 mg of choline chloride per day hardly showed an increase in body weight.
This might be partly due, because of the bitter taste of choline different from
myoinositol, to the technical difficulty of the compulsory administration of choline
chloride urally to young animals daily in larger amounts.

DISCUSSION

The vitamin action of myoinositol in the bedy of higher animals is generally con-
didered to be equivocal chicfly because of its biogenesis in their tissues. Actually,
however, its growth promoting action was demonstrable upon young rats, although
towis ahinost impoessible to show any symptoms caused by its deficiency (10). It
Las Teen hoped to clucidate the true mechanisn of the action of myoinositol upon
ciowth of young animals, The results mentioned above would indicate, at least in
utaclue {o explain the mechanism.
- As well known, myoinositol is widely distributed in the mammalian body in
Senforme of phosphatide of which biological function is recently proved to be very
“teeable (200 24). Henee, the idea that dietary myoinositol possesses some bene-
sl dffects on the phosphatide synthesis would be naturally aceepted, even if the
v part of the supply of myoinositol is endogenous,
Morcover, it should Le considered that cevery biological Tunction involved in
O oIl is thoughit 1o Te compartmentized by wmombrines thro 5 which the
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intermovement of substances was controlled. Therefore, membrane is an impo;
structural stafl for the maintenance of the functional cell constructions, Iy - q
Hanahan™s suggestinn (25) that phospliolipid content of a tissue would merely boog
reflection of jts membrane expance. From these considerations, it is natur.! e
suppose thet the rate of phospholipid biosynthesis is fairly proportional to tli i qt
least cell multipbeation. The growth delay observed in the myoinositol deficipn rals
(10) would be, at least partly, due to the repression of its phosphatide Biosynt! g
After these cousiderations, it is not difficull to suppose that myoinosital 1.
in animal body has an important role in phosphlipid biosynthesis. Actually, o . g
sible intervention of myoinositol into the phospholipid  biosynthesis was dep...
strated by the present results - the large excess administration of myoinositol y, e
an inhibitory effeet on the growth of young rats, which was capable of beinye e
covered to some extent by clevating the protein content in the basal ration .
probably by increasing the dosage of choline. The fact should be referred to 1
findings of Agranoff and Fox (11) that dietary myoinositol is rather inhibitory f. .
the growth of chicks when it was given to those fed on a choline deficient i
Similar ndings were reported by Handler (26) and Jukes (27). It seems likel,
that i gonistic action betweer choline and 1 oinositol may be rather a necessar.

phenomenon in the developing animals.

As noted above, excess administration of myoinousitol to the developing vt
provoked the rise of P/N ratio of the liver lipids, but the simultancous increase
the amount of casein or choline could repress the rise of this ratio. This fact .,
give further support on the view of antagonism between choline and myoinorite!
through a possible influence upon the phospholipid metabolism. Recognizing th
conclusion, similar result could be expected in the case of choline deficiency tis
Hence, as far as these two factors are supposed to have influence on each othe:
biosynthesis of their phosphatides, nutritional significance of dietary myoinosito}! !
10 be always taken into account in connection with the nutritional action of dict.:.
choline. When these two factors are administered in a proper amount, henef:
effect on the growth of young animals would be expected.

Thus, the present result that the administration of a moderate amount o
myoinositol pro.wotes the growth of young animals could be interpreted as {olkow
(«) exogenous myninositol could be the precursor of the inositol phosphatide, whi
is an essential component for cell division, (h) excess dosage of myoinosital dist! -
the phosphalipid metabolism, e, g inhibits the synthesis of choline phosphati
which indicates an intervetion of myoinositol into phospholipid metaholism, T«
fore, the incrcase of the amount of myainositol in the diet can promote the gro::
of the animals so far as its amount is not enough to disturh the phospholipid
titholism. ‘

Concerning the utilization of the exogenous myoinositol, the reports of Marg
and Ilclier (23) and Petzold and Agranoff 29 may be referred. The for.
rescarchers observed in their study using tritium-labeled myoinositol, that the +'
tive incorporation of radioactivity into bruin phospholipid fraction is more stri!
in developing animals than in older ones (’8). This report concludes the it
of exogenous fayoinositol for voungs animalss On the other hand, Peoold of
(29 Tound that the incorporat ol tritim:abeled eytTine nuckeotide by '
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extrects into COP digiveeride which is o possible precursor for many phospholipids,
iocen Sderdd hinhibied Dy the coesststence of excess myoinositol. This fack tells
we arossibilite that at Jeost o the liver, exogencous myoinositol possesses some

e tiens awith phosphohipid metabolism,
SUMMARY

Administration ol a large excess myoinositol to young rats fed on Forker’s basal
diet provolcd sipnificunt delay in growth and the rise of P/N ratio of hepatic lipid
fraction. However, these offects were diminished by elevating the content of protein
in the raticr, or by increasing the amount of choline administration. The fact should
be ar additionst evidenee for the concept of antagonism between choline and
myoin dtol, and for that of the intervention of myoinositol into the phospholipid
metalolism,

From the present result together with the previous vne that proved a beneficial
effect of myoinositol on the growth of rats, it was concluded that the exogenous
myoinositel could be precursor of inositol phosphutide and promotes the cell growth
w0 far as its amount is not increased cuough to disturh the phospholipid metabolism

e choli = phosphatide osynthesis,
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INOSITOL A TUMOR GROWTH INHIBITOR

THE importance of inositol for normal growth was
established by the investigations of Easteott,! Wool-
ley? and others. There are no reports to date on the
influence of inositol on malignant growth.

In this communication we describe the results of
experiments dealing with the action of inositol on
tumor growth. For these studies a rapid test for tu-
mor growth inhibitors was employed.® In this test the
inhibition of tumeor growth is judged by comparing
tumor sizes and twmor weights of treated groups of
wice with untreated ones in an experimental period
of 48 hours. '

' E, V. Eastcott, Jour. Phys. Chem., 32: 1096, 1928,

2D. W. Woolley, ScieNce, 92: 384, 1940; Jour. Biol.
Chem., 139: 29, 1941,

3D. Laszlo and C. Leuehtenberger, Cancer Rescarch,
1943, To be published.

SCIENCE

/

97: 515 515

In Table 1 a series of experiments is presented, in
which varying doses of inositol were studied. From
this table it is evident that intravenous injections of
inositol inhibit tumor growth, the degree of inhibition
depending on the dose injected. Since September,
1942, inositol in varying doses was used in 16 experi-
ments on 400 animals with the corresponding nuwber
of controls. The results of these experiments were
similar to those presented in Table 1.

TABLE 1

ErrecT ON TUMOR GROWTIH OF FOUR INTRAVENOUS INJECTIONS
OF INOSITOL IN VARYING DOSES GIVEN OVER A
PERIOD OF 48 HOURS*

No. of ani- Mean
Group mals in g%i?t%fl - terminal  Standard

No each tumor error

group it weight

mg
453 11 Q (control : 470 25.6
: saline)

452 18 38 436 228
151 14 - B0 350 33.6
450 10 76 270 34.1
449 7 100 248 41.1
448 150 215 26.4
447 5 250 222 9.8
418 5 1000 142 12.8

*Female Rockland mice transplanted with Sarcoma 180;
start of the e:geriment 8 days after transplantation ; mice
gept on polished rice diet for the experimental period of 48

ours.

Subcutaneous or oral administration of inositol was
ineffective. Equally ineffective were intravenous in-
Jections of l-inositol,* inosose,* erystalline factors of
the vitamin B-complex (thiamine, riboflavin, pyridox-
ine, nicotinamide, pantothenie acid, p-aminobenzoic
acid, biotin and choline). Sodium phytate* and liposi-
tol*5 showed an inhibition similar to that of inositol.

CoxcLusioNs

Inositol was found to inhibit tumor growth. The
degree of inhibition depends on the dose injected.
Inositol, a pure erystalline substance, can be used as a
standard of reference for testing tumor growth inhibi-
tory factors. ‘

D. Laszro
C. LEUCHTENBERGER
Mount Bivar HosPITAL,
New Yorxk, N, Y.

¢ Wo are indebted to Dr. D. W. Woolley, of the Rocke-

feller Institute, New York, for generously supplying us
with these substanccs,

5 D. W, Woolley, Jour. Biol. Chem., 147: 581, 1043.
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THIE DIETARY PRODUCTION OF FATTY LIVERS RESISTANT
TO THE ACTION OF CIHOLINLE

By M. L. MacFARLAND axp E. W. McHENRY

(From the School of Hygiene, University of Toronto, Toronto, Canada)

(Received for publication, May 14, 1945)

In 1940 it was reported from this laboratory (1) that the administration
to rats of a beel liver fraction, in conjunction with several B vitamins,
caused the production of {atty livers, high in cholesterol, resistant to the
lipotropic action of choline, but preventable by lipocaic. Inositol was
found to be lipotropic for the fatty liver thus produced (2). Subsequently
it was stated (3) that the liver fraction could be replaced by biotin; at that
time, however, practically all of the investigation was carried out with a
relatively crude solution of biotin, pure biotin being available for one group
of rats only. Pure biotin produced fatty livers containing large amounts
of cholesterol and they appeared to resemble the ones caused by the beef
liver fraction or by impure solutions of biotin. Consequently, this kind of
fatty liver (resistant to choline) has been referred to as the “‘biotin” type.
Recently we have had an opportunity to investigate more thoroughly the
production of this kind of fatty liver. It would appear that pure biotin
produces a fatty liver only partially resistant to choline and that the beef
liver fraction contains a substance, olther than biotin, which causes a more
complete resistance to choline.

Methods

Rats were emploved as test animals.  The strain, age, and care were the
same as previously deseribed (1), To deplete the rats of their stores of B
vitamins and of fat, they were maintained for 3 weeks on a fat-free, B vita-
min-free basal diet (4). At the end of this period body weight and body
fat had diminished markedly. During the following week various combina-
tions of supplements were supplied to different groups. Thiamine, ribo-
flavin, pyridoxine, calcium pantothenate, and biotin were given by sub-
cutaneous injection.  Supplements other than these were mixed with the
food. The amounts of various supplements supplied per rat per day were as
follows: thiamine hydrochloride (Merck) 25 v, riboflavin (Merck) 25 v,
pyridoxine hydrochloride (Merck) 40 v, calciwm pantothenate (Merck)
100 v, choline hydrochloride (Merck) 10 or 20 mg. as indicated, biotin
(S. M. A.) 5 v, inositol (S. M. A.) 10 or 20 mg. as indicated, and beef liver
fraction (Connaught Luboratories) 2 ce.  The liver fraction was similar to
that used previously (5).

605



TasLe 1
Effects of Liver Fraction and of Biotin upon Action of Lipoiropic 4gents

l Crude fatty acids . Total cholesterol

: Body 3 e _

Kg'étp ; Treaiment during test wk. ;‘:‘f%;gv; “Inll‘,v;;‘f( L Liver B (in_rcissh* . ' ‘ !
;e ]T “\'k?‘ Todine Todine Total Liver Careass ; I'nial
;_‘A o 1 jo. | No. N »_11 -

I mz. mz. mg. mg, ls [ me

gm. | gm | per I 5:2’; domt P e Lof c%rs font ' per
- Depleted; no supplements 3.4 | 131} 3.8 74 | 12000 1.9| 77 {1,331 S |0.23 190 0.30! 198
; B vitamins, liver fraction +40 | 7.9 11585 20.1y 63 | 8344/ 8.3 | 57 [ 9,920 80 | 1.01] 311 0.351} 391
7 i Same as Group 226 + 10 mg. choline +42 | 8.0 1573 1 19.7| 56 | 0344] 9.0 | 64 110,917 92 | 1.15| 250 0.27; 372
! (R e IS ‘“ +40 ) 8.3 1424 1 17.2| 58 | 8352/ 8.4 1 65 | 9,776/ 79 | 0.95 250 | 0 260 33%
T2 L 0 ¢ fpositol +420 5.9 | 208 4.5 60 | 9072 .71 62 | 09,3100 21 | 0.40! 250 O.'.’l': 274
I ! LI S ) B “ +34 1 5.7 | AT 3.8 82 | 8054 8.2 67 | 8,271 19 | 0.33! 245 0.25 265
Yoot 26 10 ¢ eholine, a5 6.1 (o6 ] 4.5 T 8300 8.6 | 61 | 8,585 21 1 0.34 219 0.‘.36: 270

10 mg. inasitol l i
B vitaming, biotin 22 7.3 (1827 ) 25.00 59 | 5862 6.8 | 61 | 7,680 50 | 0.65 226 0.2 276
Sume a2 Group 252 + 10 mg. choline +23 | 5.4 | 537 | 10.0] 66 | 7315/ S.1 2 | 7,852) 31 | 0.62 256 0.28) 209
ot 2R 420 ¢ “ +23 | 5.3 {488 9.2] 62 | 6718/ 7.5 | 65 7,206! 33 | 0.62! 251 1 0.28 284
oo C 252410 “  inositol +21 | 5.7 | 875 | 15.5] 62 ! 5960 6.8 | 65 6,835, 39 | 0.69, 179 | 0.23! 238
e 2524 00 ¢ “ +24 1 5.6 | 505 10.7) 62 | 7084 7.8 63 7,679, 33 | 0.60; 221 | 0.24; 254
“f 232410 ¢ choline, | 4231 4.8 1197 ! 4.1 71 | 6912 7.5 1 64 | 7,100 14 | 0.30 227 0.25; 241

10 mg. inositol : { i | { l
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The rats were ancsthetized with nembutal, the livers removed, and the
olal erude fatty acids in the livers and bodies were determined by methods
previously published (4, 6). The total cholesterol content of the livers and
nadies was measured hy means of the procedure of Schoenheimer and Sperry
(7) and the iodine numbers of the erude fatty acids were determined by the
method of Yasuda (8).  All reported results are averages for groups of ten
rats.

Results

The effeets of a heef liver fraction in eausing fatty livers in rats have been
repeatedly confirmed in this laboratory. For the present purpose it was
advisable to demonstrate the effeet again under conditions comparable to
those in which biotin was used. The experiment with biotin was repeated
twice and entirely similar results were secured on each oceasion; for hrevity
only one set of results is given. Table I shows the data secured by the use
of beef liver fraction and with biotin.

DISCUSSION

As in a number of similar experiments, the administration of the beef
liver fraction, in conjunetion with several B vitamins, caused the production
of acutely fatty livers in rats maintained on a high carbohydrate, fat-free
ration. There was evidence of synthesis of large amounts of fat and of
considerable cholesterol.  Choline, at the dosage levels used, caused negligi-
hle changes in the concentration and in the absolute amounts of fat and of
cholesterol in the liver. Given in the same amounts as used for choline,
inositol produced marked reductions in liver fat and cholesterol. The
efieet of a combination of choline and inoesitol is similar to that produced
by the same amount of inosital alone, It is obvious that inositol is cffective
in preventing the fatiy liver caused by the beef liver fraction, while choline
is not.

In the case of three similar experiments, one of which has been reported
above, biotin has produced acutely fatty livers, but the cholesterol is less
than when liver fraction was supplicd.  Both choline and inositol are
partially effective as lipotropie agents for the fatty livers produced with
biotin and a combination of the two is much more effective than
like amounts of the two substances given separately.  As judged by the
action of these lipotropie agents, the fat{y liver caused by hiotin is definitely
different from that obtained with the heef liver fraction. The term “bioty
fatty Biver” should he rextricted and 1= not applicable, as we had assume
previously (9), to fatty ivers caused by the beef Liver fraction.

In an catlier paper (2) attention was drawn to the action of inosifol
cuusing o marked decrcase in Jiver cholesterol, Such is the ease when i



608 DIETARY PRODUCTION OF FATTY LIVERS

fraction is supplied but in the biotin experiments Loth clioline and inosit,;
excried an effect upon the cholesterol content of the liver. Refercne.
has been made (1) to the synthesis of cholesterol which oecurs in experi-
ments such as the present one. It is not elear whether a particular cor,.
stituent of the diet promotes the synthesis of cholesterol or whether che,
lesterol is formed as an accompaniment to fat synthesis. It is also doubtfy)
whether a particular lipotropic agent causes the removal of cholesterol fron,
the liver or whether the amount of cholesterol is reduced because it is re-
moved with fatly acids.  In the biotin experiment the second alternative
seems plausible.  Beveridge and Lucas (10) reported that, under the condi-
tions used by them, choline produced greater decreases in liver cholesterg)
than did inositol. It would appear that liver cholesterol is reduced when
the total amount of fat is diminished and that a lipotropic agent is cffective
for cholesterol when it definitely reduces the amount of fatty acids in the
liver.

An cxplanation for the difference in the actions of the two lipotropic
factors cannot be supplied at present. Some of the conditions which
alter the response were indicated in a report from this laboratory in 1943
(11). Choline was found to be effective for “thiamine fatty livers,” while
inositol was not; inositol was active for “biotin fatty livers” (a term then
incorrectly used), while choline was inactive. It would appear that inositol
becomes effective when several B vitamins are supplied. Recently
Beveridge and Lueas have reported (10) that the inclusion of eorn oil in
the dict prevents inositol from exerting a lipotropic effect. It was suggested
in a review from this laboratory (12) that choline will combine with certain
fatty acids, while inositol selects quite different ones. It should be noted
that the iodine number of the crude fatty acids in the liver is somewhat
greater when liver fraction is given than when biotin is supplicd. When
inositol is fully active (as in Rat Group 230), the iodine number of the
liver fatty acids is definitely increased. This can hardly be taken to mean
that inositol has combined with saturated fatty acids and caused their
removal from the liver, since there appears to be an increase in the iodine
number of liver fatty acids whenever a lipotropic agent has been active
and has produced a turnover of fatty acids. A comparison of the fatty
acids present in the livers of rats with and without a supply of beef liver
fraction (13) showed that the liver fraction eauses a deerease in the coneen-
tration of saturated fatty acids and an inerease in unsaturaied ones, particu-
larly of oleic acid. A similar study has not yet been made on the livers of
rats given biotin.

The constituent of the liver fraction which causes the alteration in the
response to the hipotropic factors is unknown at present.  The liver fraction
is known to contain most of the I3 vitwmins as well as folie neid and othier
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cibstances.  On the basis of previous work (11) many of these can be
Jiminated as causative agents (thiamine, riboflavin, pyridoxine, panto-
{Lenic acid). It should he pointed out that the liver fraction contains no
cholesterol.  Attempts to identify the active constituent are in progress.

SUMMARY

The administration of a beef liver fraction to rats maintained on a high
carhohydrate, fat-free diet causes the production of fatty livers resistant to
choline, but the liver fat can be reduced to low levels by supplying inositol.
The use of biotin in place of the liver fraction causes fatty livers which are
partially responsive to either lipotropic agent and completely prevented by
a conjoint supply of choline and inositol.

This investigation was made possible by grants from the Division of
Natural Sciences of the Rockefeller Foundation and from the Connaught
Laboratories, University of Toronto.
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The discovery of the chromotrichial action of p-aminobenzoic acid by Ans-
bacher (1) precipitated a controversy as to the true nature of the grey hair factor
or factors. Unna et al. (2) and Emerson (3) failed to find any chromotrichial
action attributable to p-aminobenzoic acid and believe that pantothenic acid is
the only grey hair factor. Martin and Ansbacher (4) noted a chromotrichial
action of p-aminobenzoic acid in mice. It seemed obvious that some factor must
be at play not recognized by either group of investigators. To bring these
various observations into harmony has becn the objective of this work.

ProcepurE aNp rEsuLts. The basic diet used throughout these experiments
consisted of :

per cent
Vitamin free casein. .. ... ... i 18.0
U O8E L.t 67.0
Sl . . o 4.0
Butter fat. ... .. e 9.0
Cod diver Oll. ... e 2.0

The diet was made up each week, and the vitamin supplements were added as
follows:

mgm. per kilo daily dose
of diet per ral

Thiamine hydrochloride. ............................ 5.0 - 80 ug.
Riboflavin. ... .. ... 10.0 100 ug.
Pyridoxine .. ... ... ... ... . ... . 5.0 50 ug.
Nicotinic acid. ......... ... ... .. ... 100.0 1 mgm.
Calcium pantothenate...................... .. ....... 100.0 1 mgm.
Choline chloride......... ... ... ... ..o oo 200.0 2 mgm.
Inositol....... . N e 200.0 2 mgm.
p+Aminobenzoic acid. ........ ... 100.0 1 mgm.

Each experimental group consisted of 30 Rockland strain black rats.

Diet 1. Inostlol and pantothenic acid deficieney: This diet contained six
factors but was deficient in pantothenic acid and in inositol. On this combined
deficiency, the Rockland strain black rat attains a weight of approximately 55 to
65 grams and death occurs within five or six weeks.  Spectacled eves are seen
within two weeks. The involvement of the eves develops to a pan-ophthalmitis.
This is bilateral and severe. Purulent exudate, bloody exudate, rupture of
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evehalls and complete blindness characterize the syndrome. It is far more
marked than we have noted in a straight pantothenic acid deficieney or in a
~traight inositol deficicncy. There is some alopecia of a very mild variety.
Gireying or achromotrichia is not a pronounced manifestation. The animals are
a brownish grey.  The fur has a wet, oily appearance. These animals before
death invariably show a peculiar gait; the hind legs are handled awkwardly and
do not seem to respond in cosrdination with the forelcgs. Complete paralysis
was not secn in any of the thirty animals in this group but fully 90 per cent
showed this spasticity. '

Diet 2. Inesitol deficiency: This diet contained seven of the factors listed
and was deficient in inositol. The growth rate of this set is such that after four
or five weeks the average weight is 70 to 90 grams. At five weeks the animals
show a pattern greying which is markedly similar to that of a pantothenic acid
deficiency.  Spectacled eyes are common, with pan-ophthalmitis occurring in-
frequently and not to the marked degree seen in a combined inositol and panto-
thenic acid deficiency.  Again, in this group the locomotor incoérdination oceurs,
but to a lesser degree; and the mild alopecia observed might be called rather a
thinning of the hair than real alopecia. The syndrome associated with inositol
deficiency is difficult to distinguish from that of a pantothenic acid deficiency.

Diet 3. p-Aminobenzoic acid deficiency: Eighty per cent of the animals were
dead within six weeks. The weights of this set reached 50 to 60 grams. The
appearance is most unusual: the hair over the body is sleek and black and appears
darker than its original color; the hair over the head is sparse, with a mild greying.
Crusted, bloody, scaly feet were frequently seen. These animals scem tohave
no cnergy; they move sluggishly with hunched backs.

Diet 4. Pantothenic acid deficiency:  No deaths occurred in this group during
the first cight weeks. The weights attained averaged 70 to 100 grams. A
typical pattern greying was scen, accompanied by the usual spectacled eyes. A
mild form of alopecia was noted. Pan-ophthalmitis was seen in but two of the
thirty rats on this pantothenie acid deficient diet.

Diet 5. This diet contains the eight members of the B complex listed. At
six weeks, the weight attained averaged 110 to 180 grams. The animals seemed
normal in every respect except that the coat was rather brownish. This diet was
supplemented with wheat germ oil, ethyl linoleate and biotin, and found to be
complete as evidenced by a failure of biotin or the essential unsaturated fatty
acids to increasc the growth rate.

Diet 6. This dict contained no inositol and no p-aminobenzoic acid, but did
contain the other six factors as listed.  These rats do not differ in any way from
those on diet 5. The weight, the appearance, in every respect, they are the
same. Thus, in the absence of hoth inositol and p-aminobenzoic acid, the six
factors, namecly, thiamine, riboflavin, pyridoxine, choline, nicotinic acid and
calcium pantothenate are adequate.

Discussion.  The results of Unna et al. (2) and Emerson (3) are confirmed
in that the six basie factors (thiamine, riboflavin, nicotinic acid, pyridoxine,
¢holine and caleium pantothenate) are adequate for scemingly normal nutrition.
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They are not adequate if either p-aminobenzoic acid or inositol is added to the
dict. Ansbacher (1) and Martin and Ansbacher (4) had inositol in their husic
supplements and thus p-aminobenzoic acid deficiency is noted. Neither Unna
et al. (2) nor Emerson (3) had inositol in the basie diet used. It is possible that,
the explanation lies in a stimulation and/or inhibition of bacterial growth in the
intestinal tract and hence the bacterial synthesis of vitamin factors, known or
unknown in nature. Both factors, namely, inositol (5) and p-aminobenzoic acid
(6, 7), have been demonstrated as growth factors for yeast or bacteria, and
p-aminobenzoic acid has been demonstrated to inhibit bacterial growth (8) ut
certain concentrations. The utilization and consequent destruction of various
vitamins by microérganisms has been demonstrated (9, 10). Further, the
synthesis of certain factors, particularly biotin (11) and inositol (12) by organisms
present in the gastro-intestinal tract has been reported. The stimulation of
the growth of microdrganisms by one member of the B complex causing an in-
creased synthesis of another member of the B complex by that same organism is
not only probable but certain. The analysis we place on the above reported
results is that inositol stimulates the growth of organisms which utilize and
destroy some member of the B complex, known or unknown, thus precipitating
a deficiency of that factor. p-Aminobenzoic acid either through stimulation or
inhibition of bacterial growth precipitates an inositol deficiency (4). This
seems the logical explanation, in view of the fact that the elimination of both
inositol and p-aminobenzoic acid from the dict, feeding only six of the B complex
factors results in a state of nutrition which is the equal of that noted if the cight
factors are included.

The addition of inositol to a diet may stimulate the growth of organisms which
destroy pantothenie acid, whereas the addition of p-aminobenzoic acid may
inhibit the growth of these organisms. This explanation can be advanced even
if inhibition is not considered, as specific stimulation may cause an overgrowth
of one type of organism and the consequent elimination from the gastro-intestinal
tract of another. In the preliminary experiments, it is our opinion that proteusx
vulgaris s absent from the gastro-intestinal tracts of rats fed excessive amounts
of p-aminobenzoic acid (5 mgm. daily). Further, we have noted a tendency on
the part of the acid forming organisms to overgrow. Thus, we see both an ap-
parent inhibition of proteus and a stimulation of the lactic acid forming organ-
isms. The sceming inhibition of proteus may be actually due to overgrowth on
the part of the acid forming organisms.

It is not desired to suggest an alteration of the status of either inositol or
p-aminobenzoic acid as a member of the B complex, but to point out that one
precipitates a defieiency of the other under our experimental conditions.

The addition of p-aminobenzoic acid to the basie diet made it possible for
Martin and Ansbacher (4) to produce an inositol deficiency, where in the absence
of p-aminobenzoic acid no inositol deficieney developed (13). Woolley, who
originally described this syndrome (14), stated subsequently that in many
instances spontancous cures occurred (15). 1t is these spontancous cures whicl;
are prevented by the p-aminobenzoic acid. The cures were due to synthesis of
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inositol by organisms present in the gastro-intestinal tract (12), and it seems
probable that it is this synthesis which is prevented by p-aminobenzoic acid.

CONCLUSIONS

Six B complex factors (thiamine, riboflavin, pyridoxine, choline, nicotinic acid
and calcium pantothenate) afford scemingly normal nutrition to the Rockland
strain black rat. Addition of inositol precipitates a syndrome prevented by
p-aminohenzoic acid.  Addition of p-aminobenzoic acid precipitates a syndrome
prevented by inositol.  Eight B complex factors (the six listed above plus inositol
and p-aminobenzoic acid) afford seemingly normal nutrition to these rats.
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HE most recently identified member of the B
complex is inositol. The symptomatology of a de-
ficiency of this substance has been described by two
investigators (1, 2) and has been observed in these
laboratories (3). Norris and Hauschildt (1) supple-
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mented a purified diet with thiamine, pyridoxine, nico-
tinic acid and riboflavin and observed in mice on
this diet failure of growth and the development of 2
deficiency dermatitis. Simultaneously, Woolley (2
described ‘this syndrome using as basic supple-
ments thiamine, riboflavin, nicotinic acid, pyridoxine.
g-alanine, pantothenic acid and choline. All investi-
gators (1, 2, 3) have noted essentially the same
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Fig. 1. Two hours after ingestion of plain Barium S.ul-
fate. Note small gastric residue, irregular distribution
and head of barium column in splenic flexure.

symptoms. The hair on the entire bodyv excepting the
head and tail falls out, leaving the trunk naked. The
denuded areas show a reddening, and some sores de-
velop. Obvious manifestations of nervous involvement
are seen. Woolley (4) isolated the factor and identi-
fied it as phytin or inositol, phytin being the calcium
magnesium salt of inositol phosphoric acid. Inositol
itself has been of interest since the report of Eastcott
(5) showing that inositol was bios 1, a substance
necessary for the normal reproduction of the yeast
cell. It is to be noted that it is the meso form of
inositol which functions as bios.

Our observations on inositol deficient mice led us to
believe that constipation was a characteristic finding.
This combined with statements found in the literature
(6, 7) to the effect that phytin and inositol are not
binlogically inert substances, led us to investigate the
effect of inositol on the gastro-intestinal tract.

EXPERIMENTAL

Dogs maintained on a mildly constipating diet were
v-ed throughout this work. The animals were kept

* two days before use on a diet containing 30c.
wumin and 0.19. of agar. This balance between
woumin and agar produces a constipation of a very
: 14 degree. The diet contained 107, yeast, and it is
‘imed that no deficiencies of B complex members

..«ted. From a nutritional standpoint, the animals
were normal.

A roentgenological study of the physiological effect
upen the gastro-intestinal tract of dogs, which had
L en carefully conditioned on the constipating diet de-
scribed above, was curried out using for each series
of tour dogs one of the following mixtures:

Series A: Control Series; Plain Barium Sulfate.

Series B: Barium Sulfate with Inositol.

Series C: Barium Sulfate with thiamin hydro-

MARTIN, THOMPSON AND DE CARVAJAL-FORERO—THE INFLUENCE OF INOSITOL 291

chloride, riboflavin, pyridoxine, calcium pantothenate

and choline.

Series D: Barium Sulfate with nicotinie acid.

Series F: Barium Sulfate with thiamin hydro-
chloride, riboflavin, pyridoxine, calcium pantothenate,
choline and nicotinic acid.

Series G: Barium Sulfate with Inositol and nico-
tinic acid.

The results observed for each series may be summa-
rized as follows:

Series A: Control Series; Plain Barium Sulfate.
There was a rather slow peristalsis in the stomach;
barium started to pass into the duodenum in from 7
to 10 minutes with an average of 9 minutes for the
four dogs. At the end of the first hour the stomach
was about half empty with the head of the barium
column in the ileum. Under the fluoroscope several

loops of the jejunum were seen rather dilated with

corresponding constrictions. A spastic type of peris-
talsis of the small intestine was observed. At the end
of the second hour the stomach was almost empty, the
head of the barium column having progressed to the
large intestine, a small amount as far as the splenic
flexure (see Fig. 1). Peristalsis was observed as be-

- fore. At the end of the third hour there was still a

very small gastric residue; the head of the barium
was in the splenic flexure, although in one dog it had
reached the sigmoid, and a large amount was present
in the ileum. At the end of the fourth hour the small
gastric residue was still present. The head of the
barium column filled the large intestine up to the
splenic flexure more uniformly with the exception of
the dog mentioned above. Some barium was still
present in the terminal loops of the ileum. At the end
of the fifth hour improved filling of the large intestine

forty-cight hours
Note small

Fig. 2. Same subject as in Fig, 1:
after ingestion of plain Barium Sulfate.
residue in sigmoid and rectum.
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Fig.‘ 3. Two hours after ingestion of Barium Sulfate
mixed with Inositol. Note almost complete emptying of
the small intestine and thorough filling of the colon.

to the rectum was observed; there was still retention
in several loops of the terminal ileum. At the end of
the sixth hour there was practically no change from
the preceding radiogram. At the end of twenty-four
hours there was observed a partial evacuation of the
colon with some barium retained in the sigmoid and
rectum. In two dogs, the retention extended to the
distal transverse colon. At the end of forty-eight
hours, there was a very small residue in the rectum
(see Fig. 2), . .

Series B: Barium Sulfate with Inositol (20 mg./
kilo.). This treatment produced a very active peris-
talsis of the stomach with deep peristaltic waves
coming rapid. There was a definite pyloro-spasm;
barium began to pass into the duodenum in from 10
to 15 minutes with an average of 13 minutes. At the
end of the first hour the stomach was two-thirds
empty, with the barium regularly distributed through-
out the small intestine. Peristalsis of the small in-
testine was rhythmical with no constrictions nor dila-
tations observed. The barium meal progressed rather
rapidly. At the end of the second hour the stomach
was ulmost completely empty, the head of the barium
column in one dog was in the rectum, the entire colon
being completely filled (see Fig. 3). In the other three
dogs there was a very regular distribution of the ma-
terial throughout the small intestine, the head of the
barium meal having reached the caecum. At the end
of the third hour there was no change in the dog
whose ecolon was entirely filled. In two of the others
the head of the barium had reached the sigmoid ;
while in the fourth there was a massing of the meal
in the terminal loops of the ileum. At the end of the

fourth hour there was no difference from the previous -

radiogram with the exeeption of the fourth dog in
which the head of the column was in the descending
colon. At the end of the fifth hour there was practi-

VoLume VIl
~Numuse 8

cally no change from the preceding radiogram. At the

" end of the sixth hour there was no marked change.
- At the end of the twenty-fourth hour there was a

complete evacuation in one of the subjects (sce Fig.
4) and almost complete in two others. The fourth
still showed some retention in the descending colon,
sigmoid and rectym. At the end of the forty-eighth
hour the colon was entirely empty in all subjects.

Series C: Barium Sulfate with thiamine hydro-
chloride, riboflavin, pyridoxine, calcium pantothenate
and choline (20 mg./kilo. of each). There was an
active peristalsis of the stomach, barium starting to
pass into the duodenum in from 6 to 7 minutes with
an average of gix and a half minutes. At the end of
the first hour the stomach was three-quarters empty.
The barium meal was distributed very regularly
throughout the small intestine; the peristalsis of this
intestine was slightly spastic although there were
not as marked constrictions and dilatations as when
barium alone was administered. At the end of the
second hour there was a small gastric residue, the
head of the barium column having reached the rectum,
although there was quite a large amount in the termi-
nal ileum (see Fig. 5). At the end of the third, hour
a slight advance in the large intestine was present ;
some barium still being retained in the terminal loops
of the ileum. At the end of the fourth and fifth hours
there was very little change. At the end of the sixth
hour the entire large intestine was completely filled.
At the end of the twenty-fourth hour the intestine
was completely empty. - )

Series D: .Barium Sulfate with nicotinic acid (20
mg./kilo.). Two series were made with the above
combination. In the first a large amount of nicotinic
acid was added to the barium; in the second, half of -

Fig. 4. Same subject as in Fig. 1, 2, 3. \'Twenty-four
hours after .ingestionv of Barium Sulfate mixed with
Inositol. Note entire emptying of colon.
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the original amount (10 mg., kilo) was added. In the
first series the stomach showed a very flat shallow
peristalsis, there being practically no motion of the
stomach. At the end of 12 to 15 minutes, peristalsis
became apparent and barium began to pass into the
duodenum within three minutes. In the second series
peristalsis was active; there was a complete absence
of pyloro-spasm with the barium passing into the
duodenum in an average of three minutes. This
passage, however, was rather slow as the peristaltic
wave was not very deep. At the end of the first hour,
the stomach was about one-half empty. The head of
the barium in the jejunum and the peristalsis of the
latter was rather sluggish. At the end of ths second

Fig., 5. Two

Same subject as used in Fig. 1, 2, 3, 4.
hours after ingestion of Barium Sulfate mixed with com-

ponents of series C. Note small gastric residue, head of
ba}’lum column in rectum, retention in terminal ileum and
slight spasticity of ileum.

hour the stomach was empty in the second series:
haif full in the first series. The entire small intestine
was completely filled. Peristalsis of the intestine was
stll sluggish. At the end of the third hour, the
stemach was one-third full in the first series and
vmpty in the second series. The distribution was quite
rregular throughout the small intestine with small
amounts in the large intestine. At the end of the
fourth hour there was an improved filling of the large
iutestine in the first series, with a small residue in the
terminal loops of the ileum; while in the second series
the distribution was irregular with the head of the
barium column in the proximal descending colon and
a large amount retained in the terminal loops of the
ileum. At the end of the fifth hour there was no very
marked change from the preceding radiogram. At the
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end of the sixth hour there was a partial evacuation
in one of the dogs of the first series. In the other dog
of this same series the colon was well filled reaching
the sigmoid. In the second series the head of the colon
was at the middle of the descending colon. At the end
of the twenty-fourth hour one dog showed a complete
evacuation while the others showed a considerable re-
teution in the descending sigmoid and rectum.

Series F: Barium Sulfate, thiamine hydrochloride,
riboflavin, pyridoxine, calcium pantothenate, choline
and nicotinic acid (20 mg. kilo, of each). There was
an excellent peristalsis of the stomach. Barium passed
into the duodenum in three minutes although the
passage was not very copious. At the end of the first
hour the stomach was half empty, barium was dis-
tributed throughout the jejunum, and the peristalsis
of this part of the small intestine was rather sluggish.
At the end of the second hour the stomach was almost
completely empty. The head of the barium column
had reached the large intestine in one case as far as
the sigmoid although the distribution was generalized
with a large amount still present in the ileum. Peris-
talsis of the small intestine was somewhat more active
than previously. At the end of the third hour the head
of the column had reached the rectum. The large in-
testine was fairly well filled although there was a
small amount still retained in the terminal loops of
the ileum. At the end of the fourth hour there was
practically no change from the preceding radiogram.
At the end of the fifth hour there was a better filling
of the large intestine with traces in the terminal loups

- of the ileum. At the end of the sixth hour a small

partial evacuation. had taken place although barium

was still present throughout the entire large intestine. -

At the end of the twenty-fourth hour some more
barium had been evacuated, but the residue ]e’ft in the
large intestine exceeded half. At the end of the forty-
eighth hour there was gtill a small amount of barium
present in the sigmoid and colon.

Series G: Barium Sulfate with inositol and nico-
tinic acid. This series was further subdivided: in one,
equal amounts of inositol (20 mg./kilo.) and nicotinic
acid (20 mg./kilo.) were mixed with the barium, i
the other one-half of this amount (10 mg./kilo.) of
nicotinic acid was administered with the inositol at
the same level. In series G-1 peristalsis of the stomach
was very active. Decep peristaltic waves were observed,
but there was a definite pyloro-spasm. Barium began
to pass into the duodenum at the end of from 12 to 15
minutes for an average of 13 minutes. In Series G-2

peristalsis of the stomach was very active, and pyloro-

spasm completely absent. Barium began to pass inlo
the duodenum at the end of from 2 to 4 minutes with
an average of threce minutes. At the end of the first
hour the stomach was three-quarters empty in G-1
while it was almost completely empty in G-2. There
was a better peristalsis of the small intestine in the
-1 series than there wag in the G-2 series. In the
latter the intestine seemed rather slugpish. At the
end of the second hour there was a continued active
peristalsis in the small intestine in series G-1. The
head of the barium column had reached the sigmoid
in one subject and the ascending colon in the others,
In series G-2 the sluggishness persisted, and the
barium was not as far advanced. At the end of the
third hour there was a better filling of the large in-
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testine in series G-1 although there was some scattereq
in the terminal ileum. In series G-2 there was an im-
provement in the peristalsis of the intestine, and the
head of the barium column was seen in the descending
colon. At the end of the fourth hour there was some
advance in the progress of the barium, in both series
the colon was better filled, and there was a slight
segmentation observed. At the end of the fifth hour
there was no appreciable change. At the end of the
sixth hour there was a partial evacuation in series
G-2, segmentation still persisting in this series. In
series G-1 the entire colon was filled, with slight
segmentation observed. At the end of the twenty-
fourth hour the intestine was empty in series G-2
while there was a small residue in series G-1.

SUMMARY

From the above we feel justified in concluding that
inogitol has a definite action upon the stomach and
small intestine. It markedly increases the peristaltic
aclion of these organs without creating a spastic con-
dition. The pylorospasm observed when inositol was
administered may have been due in part to the consti-
pating diet and in part to the fact that inositol may
have a contracting effect upon the pyloric sphincter.

Nicotinic acid on the other hand decreases the
peristaltic action of the stomach and small intestine.
It produces a muarked state of repose of these
organs. Thiamine hydrochloride, riboflavin, pyri-
doxine, calcium pantothenate and choline by them-
selves and in combination with nicotinic acid did not
materially affect the motility of the intestinal tract.

The action of the above upon the large intestine is
not very marked although by the use of inosgitol the
colon fills rather rapidly, and evacuation takes place

quite completely when it occurs, There was no segmen----

tation nor retention of material. The constipating
diet alluded to may have obscured the physiological
effects of this preparation upon the colon.

In order to obtain information as to the mode of
action of inositol in the production of hypermotility

of the stomach and small intestines, three dogs were

given 100 myg. per kilo. doses while blood pressure de-
terminations were being made. One of these animals
received a total of 1.1 grams of inositol intravenously
in a period of less than five minutes. This dog showed
no variations in blood pressure, respiration or heart
action. By these observations sympathetic and j)ara-
sympathetic action has been excluded as the mode of
action.
DISCUSSION .
Comprehensive investigations have been made on
the effect of B complex deficiency on the gastro-in-
testinal tract; and many of the individual members
of the complex have been implicated in disturbed
gastro-intestinal physiology.

The literature on thiamine indicates that the

gastro-intestinal changes associated with thiamine de-
ficiency have not been completely demonstrated as
having direct origin in the deficiency of this vitamin.
Most of the studies so far reported have been compli-
cated by inadequacies of other factors of the B
complex. Cowgill (8) has discussed this subject, and
he points out that conditions such as amebic dy-
sentery, commonly found in beriberi localities, may
constitute the precipitating cause of the intestinal
manifestations, This investigator (9) first noted

\

Voruss VI |
NUMHER 8

‘anorexia in Vitamin B, deficiency and demonstrated

hypochlorhydria and achlorhydria in dogs on a de-
ficient diet (10). It is to be emphasized that the
functional disturbances of the gastro-intestinal tract
are much more sevére than can be accounted for on
the basis of demonstrable anatomical lesions. Alvarez,
et al (11) and Sure, et al (12) have been unable to
demonstrate any change in gastric secretion due to a
lack of Vitamin B,. Williams and Spies (13) state
that thiamine is essential for the normal functioning
of the gastro-intestinal tract. In some cases the mo-
tility is abnormal. There are no specific lesions
demonstrable. ) ) ‘

Sparks and Collins (14) 'have shown that thiamine
deficiency in rats causes a marked increase in the
volume of the colon. This demonstrates that thiamine
has some direct action in maintaining intestinal tone.
Babkin (15) has reported some interesting obser-
vations suggesting a relation of some member of
the B complex to the nervous mechanism controlling
gastric secretion. Dogs and cats suitably operated so
as to permit experiments of the sham feeding type
were allowed to subsist on a diet deficient in B
complex and then were tested for their gastric re-
sponses to sham feeding, subcutaneous injections of
histamine and the presence of food and 5% alcohol
solution in the intestine. During the state of vitamin
deficiency there was a marked diminution in the re-
sponse of the gastric glands to these stimuli. When
yeast was administered, the responses became normal
within a few hours.

Chatterjee (16) studied the motor functlons of the
intestine in the presence of a B, deficiency. In the
vitamin-deprived animals there was a definite de-
crease in the amplitude, the number and the intensity

- of intestinal contractions and responses to pilocarpine,

atropine, nicotine and barium chloride.

Molitor and Sampson (17) have tested the mﬂuence
of pure thiamine on intestinal motility, using isolated
rabbit's intestine suspended in Ringer’s solution as,
well as taking observation on the intestine in situ.
The addition of pure vitamin in the in situ experi-
ments was without any effect on the movements. Evi-
dently, this substance has no demonstrable effect on
the intestine of the normal organism,

Recently, Elsom, et al (18) maintained patlents on
a diet deficient in the B complex and studied among
other things the gastro-intestinal tract. They noted
mild anorexia after one week on the diet; this ulti-
mately became extreme. Abdominal distension and
constipation were marked. Mild soreness of tongue
was an occasional complaint. As the deficiency became
more pronounced nausea and vomiting were frequent,
and during the last few days abdominal pain was
noted. Appetite returned promptly following the ad-
ministration of thiamine. This return of appetite was
not associated with -any .change in the other gastro-
intestinal symptoms except that abdominal pain disap-
peared. Toward the end of the second week of
thiamine therapy appetite again decireased and, in
spite of continued admlmstmtlon of thiamine and the
addition of riboflavin, did not again return to normal
until yeast was given. Roentgen examination of the
gastro-intestinal tract at the end of the deficiency
showed no abnormality except some increased caliber
of jejunal loops. After the subject. had™ received
thiamine for 18 days. there was delayed gastric
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emptying and slight delay in small bowel motility. In-
creased caliber of the je'unal loops was still evident.
Riboflavin did not significantly alter these findings.
Following the administration of yeast. however, there
was marked improvement in the small intestinal mo-
tility, the head of the barium column hiving reached
the hepatic flexure four hours and forty minutes after
the ingesticn of the barium, while under thiamine
and riboflavine therapy a comparable film was not ob-
served until 8ix hours after the start of the exami-
nation, A slight delay in gastric emptying time per-
sisted.

He observed no segmented and dilated loops of
small bowel which hud bLeen reported by Pendergruss
and Comroe (19), Mackie and Pound (20) and Snell
and Camp (21).

Indigestion and diarrhea have long been known as
characterizing pellagra, Crandall, et al (22) state
that a P-P factor (nicotinic acid, nicotinamide or a
substance capable of replacing it) iy essential for
the maintenance of normal gastro-intestinal motility.
Animals on a nicotinic acid deficient, black tongue
diet, showed hypermotility of the gastro-intestinal
tract. In 8 dogs barium reached the rectum in 2
hours. Thiamine and riboflavin were reported inef-
fective in functional digestive disturbances. The effect
of nicotinic acid in correcting hypermotility is in
completc harmony with our findings which clearly
show that this acid decreases peristalsis in both the
stomach and in the small intestine.

The results of Elsom, et al (18) are in complete
harmony with the results reported in this paper. They
noted that thiamin and riboflavin did not alter the
delayed small bowel motility nor the delayed gastric
emptying time seen in a B complex deficiency. Both
conditions were corrected by the administration of
yeast, Our results show that inositol is responsible
for small bowel motility, and nicotinic acid and
inositol function in gastric emptying time. Both were
present in the yeast used by Elsom and his co-workers
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(18) and account for the results they record following

~ the andministration of yeast.

The cffects observed in this study show clearly that
the administration by oral routes of at least two of
the known members of the B complex affects the
gastro-intestinal tract of the nutritionally normal
animal. As to the mode of action, it is not via the
sympathetic or parasympathetic nervous systems and,
therefore, probably depends upon direct stimulation
of the musculature of the tract. Intravenous ad-
ministration of inositol to dogs produces the same
action as does oral administration, namely, a tendency
to pylorospasm and increased motility of both the
stomach and the small intestine. It is suggested that
following intravenous dosage the compound is ex-
creted into the alimentary canal and there brings
about its characteristic action. In our earlier studies
no inositol action on the large intestine was noted, but
following larger doses a slight action is seen. Smaller
doses are absorbed or destroyed by bacterial action be-
fore reaching the large gut.

Inositol is probably not a dietary essential for .man,
However, it i3 essential physiologically whether syn-
thesized or of dietary origin, and one of its functions
is control of the motility of the gastro-intestinal tract.

CONCLUSIONS :

Inositol markedly increases the peristalgis of the
stomach and the small intestine. Nicotinie acid de-
creases the peristaltic action of the stomach and small
intestine. The other members of the B complex avail-
able in pure form, thiamine, riboflavin, choline, pyri-
doxine and pantothenic acid, have no apparent action
of this type. . - .

Inositol and nicotinic acid are the members of the
Vitamin B complex directly concerned with gagtro-
intestinal motility, and it is suggested that the balance
or ratio of nicotinic acid or similar compounds to
inositol is the nutritional factor which determines

-hypo- or hypermotility.
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The effect of i1nositol on basal metabolism.
by Helmut Maurer and Helmut Seckfort

Inositol, a so-called "lipotropic substance", has recently be-
come to be discussed, especially by American authors, for the treat-
ment of various disturbances of fat metabolism, Hereby, fatty liver
and arteriosclerosis stand in the foreground. The theoretical aspects,
which have led to practical, therapeutical utilization of inositol,
were the subject of exhaustive experimental investigations and detailed
discussions (see reviews; 1,2),

We ourselves could show in earlier tests that the intravenous
injection of inositol (meso-inositol, Maizenawerke, Hamburg) eaused,
after a slight increase, a clear reduction of blood sugar3»%, reduced
cholesterol ester in the serum, temporarily3-5, and practically no
change in the serum protein material (determined electrophoretically)3-6
The question of interest to us now is whether the investigation of
basal metabolism in dependence of inositol administraiion offers the
- possibility of clarifying the individual metabolism components of the

altered mechanism,
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Fig, 1, Case 8, Group B,

1, Respiratory quotient

2, Basal metabolism

3. Basal metabolism - controls after injection.

aq7

Test procedure: Determinations of basal metabolism were carried
out collectively on 45 test subjects who, except for 2 cases of Base-
dow's disease and one of endogenous emaciation, were all metabolically
healthy, We performed the calorimetric tests with the Knipping appara-
tus, error 7%, After determination of the basal value, we gave, slowly
intravenously, to Group a (21 cases) 2 g inositol dissolved in 20 ml
0.9% NaCl, to Group b (10 cases) 4 g inositol in 40 ml of the same sol-
vent and to Group c¢ (14 cases) 20 ml of the solvent alone., We performed
basal metabolism determinations 10, 25, 40, 55, 70, and, in most cases,
85 minutes after the injection, Tests began on calm patients after 1
hour of absolute body rest. In most cases we determined the initial
value twice, The inositol injection was endured by all patients without
complications, A tabular compilation of the results is provided as by
request, Case 8 from Group b is used as an example for the course of
the curves (see Fig, 1),



Results: Group a. The results after injection of 2 g inositol
were not uniform, In 11 of 21 cases there occurred, generally 25 min-
utes after the injection, a reduction of basal metabolism of 7-25%
below the initial value; the lowest point was reached, on the average,
after 55 minutes, While in 4 cases a slight elevation (average approx-
imately 12%) of the basal metabolism was observed, 5 cases remained
completely unchanged.

Group b, After injection of 4 g of inositol we observed in all
cases a considerable reduction (around 15-25%) of the basal metabolism,
which was interrupted by a small, probaly antiregulatory, limited,
intermediate increase, This was clear in 6 cases and hinted at in &
cases (see Fig., 1),

Group ¢, From the exclusive injection of physiological saline
solution there appeared only small, irregular fluctuations, which were
inside the possible error of the method, Only with 2 psychically extra-
ordinarily unsteady female patients did the increase come to 11 and 12%,

By comparison of the respiratory quotient (RQ) there appeared the
following changes: after injection of 4 g of inositol the RQ was reduced
an average of about 0,071, while with 2 g an average reduction of 0,054
occurred, (No change of RQ occurred with physioclogical saline solution).

Discussion of results: The reduction of basal metabolism, which
is obviously dependent upon the inositol dose, proceeds parallel to the
already described blood sugar reduction (see above)., Therefore it is
presumed that the later represents the effect of a stimulation of the
‘liver to increased glycogen formation, The present test results support
this assumption in so far as pointed out by the observed reduction of
the metabolism in sparing and accumulation measurements, The metabolism
evidently experienced a shift in the direction of a more vagotonic
assimilation phase,

The behavior of the RQ merits special observation. The observed
reduction after administration of inositol indicates that an increased
fat combustion occurs parallel to the blood sugar reduction. The fat
evidently is taken up in increased measure to protect against the
caloric need, To what extent the reduction of cholesterol ester concen-
tration after inositol injection (see above) is herein connected is
not yet known,

Summary:s While after intravenous administration of inositol there
occurs, as an indication of a more vagotonic assimilation phase, a
decrease of basal metabolism (reduction of blood sugar), the respiratory
quotient is reduced, indicating an increased fat combustion,

We are obliged to thank Maizena-Werken, Hamburg, for the friendly gift
of the inositol,
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Effect of Inositol Feeding on Inositol Phosphatides and Other Lipids of

Human Blood Plasma.‘

(20654)

J. M. McK1BBIN AND David W. BREWER,

From the Departments of Biochemistry and Otolaryngology,
College of Medicine at Syracuse.

Concerned by the role of atherosclerosis in
producing hearing loss and labyrinthine dys-
function, it occurred to one of us that a lipo-

- tropic factor might be of some clinical value.
A study of such possible effects of inositol
was initated and has continued for the past
several years. Biochemical as well as clinical
methods were included. A method has been
developed for the determination of lipid inosi-
tol in various tissues including blood plasma
(1). Results of the determination of the
effect of inositol ingestion on the concentra-
tion of plasma lipid inositol and several other
plasma lipids are summarized in this paper.

Methods. All of the patients reported in
this study showed varying degrees of high
tone deafness and ranged from 34 to 68 years
of age. One initial blood sample was ob-
tained before oral inositol was started. The
values for the various lipid components in

*Supported by a Grant from the Life Insurance
Medical Research Fund.

State University of New York

‘these samples are in the normal range fot the

most part and the group could not be con-
sidcred lipemic. The patients then all re-
ceived 1.g of inositolt 3 times daily. Blood
samples were obtained at varying intervals
thereafter and averaged 2 samples per pa-
tient. The duration of inositol feeding in the
patients reported ranged from 1 to 12 months.
None of the patients reported any untoward
symptoms or reactions from the inositol. All
blood samples were obtained before breakfast
between 9 and 9:30 a.m. 50 ml of blood was
withdrawn into a centrifuge bottle containing
2 ml of Wintrobe’s oxalate. The lipid ex-
tracts of the plasma were prepared, purified,
and analyzed for total lipid phosphorus and
inositol by methods reported previously(1,2).
Total fatty acids were determined titrametric-
ally by a modification of the method of Stod-
dard and Drury(3) on the purified extract.

t The inositol was generously supplied by the
Corn Products Refining Co., Argo, IIL
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TABLE 1. Effect of Inositol Feeding on Lipide of Human Blood Plasma in Thirteen Patients.

,—-——Meun——‘ r——Range— Mean -
Initial .- Final Initial Final change S.E. ¢ P
Total lipid P 295 * 310 230-389 244-376 + 5.30 t 212 249 031
Total lipid inositol - 7.4 73 5.5-9.4 4.5-9.8 8 2.82 28 .8
Lipid, inositol : phos- 025 024 022-,028 019029 - — 544 t 240 227 .04
phorus molar ratio :
Total eholesterol 223 t 242 160-309 183-319 4 963 % 390 247 .033
Free cholesterol 681.9¢ 67.4 42.2-888 486913 - 100 % 360 298 .017
Ratio free:total choles- 276 277 249-201 .268-300 4+ 50% 123 408 7
terol :
Ratio total cholesterol: 757 785 624-913 .689-1.078 + 423 ¢ 326 130 0.2
lipid P
Netxl)tral fat fatty acids 349 * 161 71-1054 13-374 —188 '§ 68.2 2.76 .02
Ratio neutral fat F.A.: 1.48 0.67 038-3.98 0.07-156 -— .806¢ .259 3.11 .01
total cholesterol : - )
* Values given in ym/100 ml plasma. t Values given in mg/100 ml plasma. -3 Mean %

change. § Mean numerica} change.

Total and free cholesterol were determined on
a separate aliquot of the plasma by the method
of Schoenheimer and Sperry(4).

Results. A summary of the results obtained
from 13 patients is given in Table I. In this
summary the analyses of the last sample only
after inositol feeding is chosen for comparison
with the initial pre-inositol blood since it rep-
resents the maximum time of inositol intake.
Cholestero! (free and total), total phospho-
lipids and inositol phospholipids are calculated
as the percent change from the initial sample.
Neutral fat fatty acids are a more variable
component and are therefore calculated in
terms of absolute change in micromoles per
cent. The statistical method for evaluation
of the data is that of Fischer in which Stand-
ard Errors of the Difference are obtained
using the initial value as zero. The ‘“t”
values are thus obtained as the change from
the initial sample divided by the Standard
Error of the Difference.

Discussion. Although the series is small it
seems established that no real change occurred
in the concentration of plasma inositol phos-
phatides incident to feeding amounts of inosi-
tol which are many times greater than the
ordinary dietary intake. The ratio of inositol
phosphatides to the total plasma phosphatides
appears to be quite constant and all the
values fall within the range of .019 to .029
in the samples reported. In another group
of 6 patients who did not receive inositol and
are not reported the values also conformed
to this range.

There appeared to be small but measurable

mean increases in total cholesterol, free choles-
terol, and total phospholipids. However,
these changes are of doubtful statistical sig-
nificance. These latter lipid components have
been measured in several inositol feeding ex-
periments on man and animals by others who
reported (a) decreases in total cholesterol
(5-8) and phospholipids(7) or (b) little or
no change in cholesterol (9-12), phospholipids
(10,12) and low density lipoproteins(12). In
cholesterol fed rabbits, inositol was reported
to be both ineffective(13) and effective(14)
in preventing the hypercholesteremia. "In old
hens inositol reduced cholesteremia(15) but
failed in combination with choline to reduce
the cholesteremia and general lipemia in chicks
fed cholesterol(16) or treated with estrogen
(17). It seems clear that no simple relation-
ship, if any, exists between exogenous inositol
and blood plasma total cholesterol, free choles-
terol or total phospholipids.

In this study, the neutral fat fatty acids
decreased with inositol feeding, and more
strikingly in the more lipemic patients—i.e.,
those with initial cholesterol values over 200
mg%. The decreases as recorded appear to
be significant. However, caution must be
exercised in the interpretation of changes in as
highly variable a fraction as the neutral fat.
The mean decrease in the “lipemic” group is
less than the magnitude of what must be con-
sidered a “normal” range for neutral fat.
Moreover, no consistant decrease in the neu-
tral fat fraction was observed in cholesterol
fed chicks(15) or estrogen treated chicks(16)
given inositol with choline. Nevertheless,
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these data are of considerable interest since
at least a part of this fraction is associated
with low density lipoproteins(18) which in
turn are thought by some to be associated
with the development of atherosclerosis.
Studies are in progress to further examine
such a relationship between inositol and neu-
tral fat.

Summary. A group of 13 patients with
high tone deafness was treated with 3 g
oral inositol daily for periods of 1 to 12
months. No change resulted in the fasting
plasma inositol phosphatide concentration;
there were minor increases in total and free
cholesterol and total phospholipids, and there
was an apparent decrease in neutral fat.
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The Metabolism in the Rat of Photosynthetically
Prepared Myo-Inositol-Cit!

Ezio A. Moscatelli’ and Joseph Larner?

Frow the Departinent of Clemistry and Chewical Engineering,
University of Hiinols, Uiebana, Hlimots
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INtrovUCTION

In the course of investiziting the funcetion of myo-inositol in animul
systems it has been thought desirable to elucidate the pithways of earbon
i myo-inositol hiosynthesis aond degradation, Earlier work by Daughaday,
Lavner, and Tartnett (1) and adliday and Andersou (2) has demonstrated
the conversion of Cidabieled ghicose 1o myo mositol-C in the rat, Stetten
and Stetten (3) have demonstrafed the conversion of uniformly deuterium-
Inheled myo-ine-itol 10 urinary glucose in phlorizinized rats. Subsequend
worke by Posteryadk (1), using myeo-inositol uniqguely deaterated in (he 2-
position, confirnied this and further showed that {he observed conyersion
of uyo-ine=itol o glucose conld not proceed as a simple, one-step ring
openirg,

Hokin aud Hokin (3) recenfly reported the incorporation of Myo-no-
sitol-2-118 into pigeon vanereas and brain cortex phospholipides, while
Agrinofl (6) noted incorporation of 1ritium into the lipides of rat liver,
kidney, Tung, brain, and panereas following intraperitoneal injection of
myo mosital-2-115 Thix compound wag also used by Agranofl of al. (7)
to study the enzymic raute of inositol Ineorporation into lipide in Euine:
pig kidney mitochondrial preparations,

The present puper deseribes the photosynthetic preparation of mio-
nositol-C and the we of his compound to guantitatively measare mjo-

P This work hus been supported in part by o grant fron the Lipotrapie Founda-
tion.

? Predoctoral Rezearch Fellow of the Nation:] Iistitute of Artheitis el Metaholic
Diseases, U, 8. Public Health Service. The work reported here is to be part of o
thesis to he submitted hy Izio A, Moseatclli in partial fulfillment of the require
ments for the degree of Daoctor of Philazophy in Chemistry in the Department of
Chenistry aud Chemien Engineering, University of Hinols, Urbanu, 110,
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mo-ital dis<amilation along three pathwavs o the intaet. normal et
These are (a) oxidation to COL () incarporntion into lipides of hradun, Tiver,
Frhiey, and Beartand (e converdon to Hver slveogen,

ExrernieNTan

1. Photosynthetic Preparation of mvo-Tnositol-("1
! 7 /) .

Single cross hybrid seed corn® (WFOxMI) wus germinated in wet vermiculite$
in a9 X 4. Pyrex baking dish. Corn sceds were seattered approximately 1 in.
aprrt on g one half mich Taver of vermiculite and eovered with another halfl ineh of
this material. Tap water was added to w level just below the seeds. The dish was
wrapped in brown paper and placed in a greenhouse. After 2-3 days the brown paper
wax removed and the plants were allowed to grow under normal greenhouse eon-
ditions. The vermicnlite was kept moist another 5-7 days. Eight- to 10-day-old
plants, after overnight starvation in the dark, were placed in o photosynthesis chamn-
ber in a small polyethylene pot containing moist vermiculite. A vial containing
BaCH0; was suspended next to a rubber plug through which a hypodermie needle
could be thrust info the vial. The chamber wus partinlly evacuated, then CHO. was
relensed by wilding 3577 perchlorie neid to the BaC Oy, uring 2 hypodermie syringe.
Atmospherie pressure was restored by the admission of air, and the plants were
dlowed fo grow in the presence of light fuenishied by six 17-in., 153-w. cool-white
flaorescent hight tube placed 68 in. from the plants. Red Hght was furnishied by
two turns of o helieal high pressure neon tube 5 in. from the plants,

The rate of disuppearance of radioactivity from the air o the ehamber was detoer-
mined externally by the use of an analvtical count, rale meter”

The Geiger-Miller 1ube was fixed approximately 2 em. above o thin mica window
swhiel wus joired to the chimmber hy o female 18723 joint. By this means, it was ob-
~erved that more than 909 of the radicactive doses used were taken up in 24 hr.
Ater vaodous time periods, the plant tissues (feaves 2aud/or roots) were minced with
~cissors, and both free and bound inosits] were extracted by stirring 15 min. with
cacli of the following solvents (20 ml./g. tissue): three times with hot water (con-
taining 59 cthanol 1o wore effectively wet the leaves); twice with hot 50% aqueous
cethanol; and onee eaeh with ethanol, 50:50 ethanol-ether, and ether.

The combined extracts were concentrated 7n vacuo to a sirup and hydrolyzed by
1efluxing overnight in 6 N xulfurie acid. One hundred milligrams carrier myo-inositol
wis added, and the myo-inositol C11 was isolated essentially by the method of Halli-
ey and Anderson (2), with the exeepiion that Crystalab Deeminite L-10,* a mixed
nm-exeha. e resin, wis used ratlier than Dowex 50 and TRA 100. The myo inosifol-C14
Wi erystullized ont of aquenns solution by the addition of ethanol and storing at
Tow {cmpen mno, and wax recrystallized to constant specifie activity from water

A preliminary report of this work has been presented to the Federation of Amer-
tean Societies for BExperimental Biology at Chieago, Hlinois, in March, 1957 (8).

* Myo Tnositol (07 has al<o been isolited in thiz lnboratory from radioactive
beaves ane stems of Heveo brasilionsis, whieh was kindly supplicd by J. Skok of the
Veonne Nations! Laboratorica.

" Zonolite Conipoony, Chiengo, N

CAnadvtient Copnd 15 Meter 16200 Nuclear Instruments Corp.

SO Resenaeh Taboratonies, Hootford, Copn,

. Chicugo, L
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cthanol. Four to five yeerystallizations were generally regnived. Dy g fopiea? peo,
aration: m.p. of isolated componnd = 222226°C; . of hevanertale = 207 208

Paper ehronwiography of the isolated compound using 800 ques ethanal
revealed wo-ingle. radivaetive spot miguting ot e =ame B i aathentic mio inosi-
tol. Tnfrured checrpfinn and v vay ditfraction data confirmed the identity and purity
of the (:umpouml."

2. Techiique of Animad Lvperiments

Photosynthetieally prepared myo-inositel- CH wis sdminisiered to rats by intra-
peritoneal injection. Rats were kept in eloved ol
slow stream of COu-free air (61./hr.), such that expired CCL was colle-fed in sodium
hydroxide =crubbizig towers. The alternate use of paralle! serubbing tewers made
possible the continuous collection of all the CHO, expired. CO. was colleeted Taor
10-12! 3 hr. after the initial myo-inositol injection, after which time rats were killed
by decapitation.

metabiolizm chambers under o

3. Glycogen Isolation

"Lhe Tiver glyeogen was isolated essentiadly by the method described by Stetten,
Katzen, and Stetier (97, After 3-4 ethanol reprecipitations from aqueous solution,
the gl co g was further purified by exhaustive dialysis m the cold against distilled
water.

4. Isolation of Total Purificd Lipides

The total purified lipides from each of four organs, liver, kidney, brain, and heart,
were prepared by lmmogmnnm; each tizssuc 2-3 min. in a Waring blendor with chloro-
form-methanol (2:1), using .ippromm‘lh,l_) 50 ml. solvent/g. tissue, then purifying
the extract by the water wash method of Folch ef al. (10). The efficiency of the Folch
water wash procedure was checked by adding myo-inositol-C! to lipide extracts in
control experiments, in which it was found that at least 909 of the water-soluble
radioactivity could be removed in three washes. After four such washes, the purified
lipide preparations were examined paper chromatographically for the presence of
free myo-inositol, using the lutidine-methanol-acetic acid (16:4:1) solvent system
of Rouser et al. (11). Chromatograms were developed by a modification of the method
of Trevelyan et al. (12), by dipping first in an acetonic solution of silver nitrate,® -
then in 0.5 N sodium hydroxide in 90% squeous methanol. Fssent ally no silver
nitrate-rencting material wus found in any of the. preparations, under conditions in
which added free myo-inositol could easily be demonstirated in controls.

The bulk of the lipide and radiosetivity migrated to the upper third of the paper
under these conditions, whereas it could be shown that added frec myo-inositol
remaincd cssentially at the origin,

The water-washed total lipides were therefore further xubjected to paper chro-
matographie analyses, and were exhanstively extraeted with ehloroforny-methanel
(2:1) from the (:ln'mnau»gr:lms for combustion.

? We are indebted 1o J.J. Brader and J. Thamas of this !)r-]nl{mmxt for cavrying
out infrared and xoray analvees, respeetively,

YO This = tlion was prepen -.‘. bacebding 10 voll witer 1o 1 voll of satarated aque
uln'f 200 vol

ons silver nidvde, then oo aeelone,
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TABLL ]
Plitosymthetic Preparation of myo-Tuositol-C from O30, in Corn Plants
B / A A R

Preparation Na Len Photosynthetic Tissue used for CH yield as
[ o adminicterid” period isolatinn nyo-ivo Srol
) d.pm. kr. I3 o

1.%(a) 4.5 X 10° 25 Leaves 5.9 0.051

) 57 Leaves 9.1 0.068

(e) 80 Roots 12.6 0.020

2. 21.3 X 10° 51 Leaves and  29.06 0.065

’ roots

s As CH40, released from BaCHO0; by the action of perchlovie ucid.
b Part of the leaves were removed after 25 hr., the remainder allowed {o grow
for 57 hr. The combined roots were used after 80 Lr.

b, Analytical Methods

Radicactivity was measured as C10. with a vibrating-reed electrometer model
301 Repiratory CO» was released with T3¢, perchloric neid, while other muterials
were oxidized to CO: e-centizlly by the wet combustion procedure of Van Slyke
el al. (13). In order to minimize the formaiion of I, much 19_“'!,”' KIO: to K.Cr00;
ratios were used in the combustion mixture. Since in the procedure used total CHO,
from cach sample is counted divectly in o chamber, the formation of small amouuts
of (M0 could not affect the radioactivity measurements.

The identity and purity of iselated liver glycogen was established by quantitative
determination of ghucose, after acid hydrolysis, by two independent methods. Re-
ducing power was determined by the methed of Nelson (14) and by spectrophotfe-
metric enzymic assay with hexolinaze wud glucose-6-phosphate dehydvogenase
(15).

REsvuTs
1. Plotosynthctic Preparation of myo-Inositol-C™

A< may be ealeulated from the duta of Table I, only o small difierence
in per cent incorporation per weight of tissue was observed hetween the 23-
and 57-hr. photosyuthetic periods. A smaller per cent incorporation was
found i the oot than in the leaves o un 80-hr. period.

The solation of myo-inositol-(1 reported here represents proof that
yatng corn plants can ineorporate €Y from COy into myo-inositol while
growing In the presence of light. Sinee there are no reactions by whieh a
one-carbon unit ean exchange into myo-inositol, this evidenee strongly
tndicstes @ bjosynthesis, Sinee radionetive myo-inosito! was found in both
leaves and roots, no conelision can he drawn about either the site or the
mechani=ne of synthesi=. Darbre and Norris (16) have recently demon-
straded thet e onds germinated i the dark there 18 a0 deerense in bound
Yorne of auge Ssital anly partiadly compensated b an dnerense in free

TApphied Phade Corp, Prsadens, Calif,

<y
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myo-ino-Hol Richard-on and Avehid (173 Luve reported similar findine
and in addition hove 2hown thad the 10-ckoy-old eniolated pea scedling
well s the i ture e pod cnn iearporate CHOL into frec inoond .,
the presenes of hght, ‘ A . A

It is of inferest to note it the over-n1l radionetive vield o= wiyo-ino-
sol-C* of ca. 0.07 % is in the same tnge as (he 0,055 0.0765% radionetive
yields veperte U Tl e wand vt son {2J for the conversiou in the 1t
Otﬂ.li_lglll("().\(’—l-(.‘H 1o myo-nositol-CH Dunghaday Larner, and Hartnets 13,
using uniformly Iabeled ghicose CM) obtained vields of ahout 0.01 7.

A chemical syuthesis of myo-inositol-C in a vield of 227 his been
deseribed by Wevannd and Schulze (18).

2. Anomnal Erperiments

The metabolic duta reported heve are derived from three sepurate experi-
ments, the differences among which will be deseribed in the cour<e of re-
porting the data helow,

(@) Ouiduiion of vy o-Inositol-C' (o €10, . The results of B0, collection
in Expt. No. 1, in which o fasted, 85 g female rat was used, are presented
i Fig. 1. Two hundred milligriuns of p-glucose was _initilelly injected in-
traperitoneally to <timualate the formation of liver glycogen, followed, after
45 min., hy an ntraperitones! injection of 897,000 disintegrations min.
(d.pm.) of myo-inositol-CH with o specifie activity of 41,500 d.p.m. mg.
Six hours after the first injeetion, another 1,015,000 d.p.an. of the above
myo-inositol-CM was injected into the animal. CH0O, radioactivity collected
represented 25.7 % of the total radioactive dose injected. In Exp‘ts. 2and 3
(sec below) using myo-inositol-C* which had in one ease approximately
half, in-the other case approximately three times {he specific activity of
the preparation used in Expt. 1, total radionctive yields of CHO. were ob-
tained which were very similar to the one shown in Iig. 1. As indieated
by the (?:1(:1 in Table TI, the vigorous oxidation observed was larger in
(‘hL" fasted animals than in the fed one, the relative yield being more than
twice as great. When ealeulated § . terms of amounts of myo-inositol oxidized
assuming random labeling, the values obtained wre 12,18, and 3 mg. for
Expts. 1, 2, and 3, respectively 2

(b) Incorporation of myo-Tnositel-C" into Tolal Lapides, The data re-
ported in Tuble TIT are from Fxpt. 3, which was performed using o rat
previously maintained for 7 days on a high protein, high earbohydrate diet®

2 These values are uneorrected for dilution by endogcenons migo-inosital. Caleuls
tion of extracellular dilution assting o blood Tevel of 3 g. % (19) and extracelnlar
vohnne of diztibutfion of 109 Teada to 1 negligible correction,

L diet veed sinetaied that deseril ii l,:\ Munvo snd Nedanith 200 qd con
1

i 1 e - - .
si=fed of 78 Cwetght ol proand Pavine Podiandory Cloae phoe 11 Pt o

A

of voelh
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I B B S BN S Rt s S B R TABLIL T
Tucorparation of Rudioacti i frome mxo - dnositof (%
500+ tts Totul Pudlfici Lipides of Rat Organs.
L] . Radivactivity of purified lipides
o Organ Total purificd
e 4 € ipides T e e —
X 400 Total activity Specific activity  Tneorpora
w
W [ AV .
) ' mg. d.p.m. d.p.m./mg. %
p4 - - I
3 i Brain 1.2 108 2,730 25.3 0.07
}300" Liver 4.7 225 13,280 59.0 0.32
- g. - Kidoey 1.4 119 8,350 70.1 0.20
et Heart 0.5 19 3,870 204.0 ; 0.09
< .
o 200 o ) ) N N N R R X o .
Y] @ These data are from Bxpt. 3, using a rat previously maintained 7 days on a high
E protein, high carbohydrate diet.
n .
S 100~ TABLE IV
R . . . . .
€0, /Hou Conversion of myo-Tuositol €1 to Liver Glycogen in the Rat
. . - Liver glycogen radivactivity
0. 1 ) i, oS A FH A S | L Experiment Liver - )
[o I 2 - 4 6 -8 10 12 pjor.n glycogen T T T T _ K X R
1 TIME, HOURS - Total activity Specific activity Radioactive yield
ey G / ¢ ! b4 e P/ %
GLUCOSE 200 MG. mg. pom. pom.fmg. 7
897,000 DIS/MIN, 1,015,000 DIS./MIN.
INJECTED \ryo-inosiToL-cia YNUABELED 080 Ot - Cla 1 2.470 0.12
INJECTED INJECTED INJECTED ] .
. 2 7.8 3,200 410 - 0.16
N 1 xpiration after intraperitoneal injection into a fasted rat of uni- 28 81.0 123,000 1,520 2 16~
Fia. 1. C40; exj p

formly Iabeled myo-inositol-Ct. (740, collected at cach of the indicated time periods
s ;.v,iv‘en by the area under each horizontal lige. The upper curve shows the cumula-
tive radioactivity in disintegrations/min. X 10~% in the expired C1Q, .

¢ Determined as glucose, by reducing pow®r and microenzymically with hexo-
kinase and glucose-6-phosphate dehydrogenase.
‘ ® Starved rats were used in Expts. 1 and 2, whereas in Expt. 3, the animal used
; TABLE 1I had been previously maintained 7 days on a high carbohydrate, high protein diet.

Total Yields of C10, from myo-Inositol-CY Administered to Rats

activity available to the rat in this experiments was 4,200,000 d.p.m. M

myo-Tnositol-Ct administered CHO: expired of myo-inositol-CH with a specific activity of 124,000 d.p.m./mg. In Expts.
Experiment ; T I and 2, where starved rats were used, considerably lower ineorporations
Radioactive dose  Specific activity Toulield  Relative yieu into lipide were observed and were of the order of 10 % of the incorporations
; d.p.m. dpm./mg. - d.p.m. % observed in Expt. 3. '
| 1 1,912,000 41,500 520,000 25.7 (c) Conversion of myo-Inositol-C* to Liver Glycogen. The incorporation
; g i:gggr%' 1;‘;“% igg’ggg :fg:: of radioactivity into lver glycogen is summarized in Table TV, Experiment
, 200, , , .

2 was condueted in a manner similar to No. 1, except that in this case there
was administered a total of 2,090,000 d.p.m. of myo-inositol-C* with a
specific activity of 23,100 d.p.m./mg. The rat used was a 24-hr. fasted, 90-g.
female. In both Expts. 1 and 2, the data in Table 1V indicate similar, low

designed (o insure lage amounts and high turnover rates of tissue phospho-
lipides, as observed by Wikramanayake of al. 21).

. Cdeeg g qmale, was intrapesitonenlly injected T o .

; The rat used in kxpt. 3, a 130-g. female, was intrap: 1{(.)!1(. dly inj # The totul rudionctivity injected wis 5,320,000 Ep.m. of which 1,120,000 d.p.m.
. - ’ e N _ O . . . . i .

300,24 and 6 e, withi Tl of 500 my./ml. nqueous solution of p-glucose was present in the peritonesl fluid at the end of the experiment. The accumulation

j (Iuring the tO-hr n,\'pvrinumt, these injections heing given sunulLuncuusly of fluid was observed unly in thiz experd

sent and s due o the repeated injection-
with inteaperitonend injeetions of myo-inositol- (1% The amount of radio- of hyperianic tTicose.
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radioactive yiekls. Tn Exp:. 3, where the high earbohydrate, high profein
diet-fed animal was used, the radionctive yield was mereased approximately
20-fold.

(d) Recoveries of Radiouctivify. In Txpt. 3, in which all three pathwiys
were investigated quantitatively, the total recovery in these routes of
{he administered radioactive dose was 13.9%. Higher recoveries of ap-
proximately 25%, represented almost entirely by C“0,, were noted in
{he experiments in which starved animals were used.

Recoveries of radioactivity in the urine were 22.8, 56.0, and 6.2% in
Expts. 1, 2, and 3, respectively. Almost 50 % of the administered radio-
active dose was found in the earcass of the rat in Expt. 3. In this experi-
ment an over-all recovery of approximately 66 % of administered radio-
netive dose was obtained.

DiscussioN

The presence of free myo-inositol in rat blood at a level of approximately 3
nmig. % has previously been demonstrated {19), and it has been known for
some time that one pathwuy of its metabolism in the rat is conversion to
glucose, as found in the urine of phlorizinized animals, ini the order of a 6
or 7% conversion (3, 4). In the present work it has been shown that myo-
inositol-CH is rapidly metabolized in the intact rat, as demonstrated by a
vigorous oxidative dissimilation to C4O.. The high conversion noted in
these experiments, especially in fasted animals, is compatible with the
recent demonstration of the formatiog of vr-glucuronic acid from myo-
inositol by kidney exti. ts (22). Variable yields of (10, may provisionally
be explained on the basis of the recent findings of Eisenberg (23) on the
variable C10, yields from glucuronate-C™ in the rat.

The work of Posternak (4) and Stetten and Stetten (3), which established
the conversion of myo-inositol to glucose, has been here confirmed using a
carbon-14 label. Labeling of liver glycogen was used as a device for demon-
strating the formation of p-glucose-CH. Stetten and Stetten (3) attempted
to demonstrate glycogen labeling in their deutcrium-label expcriments,
hut were unable to isolate any glycogen from their fasted rats. In the present
experiments this difficulty was obviated by administration of glucose before
each dose of myo-inositol-CH4,

It has been noted that in the well-fed animal of Expt. 3 the radiouactive
vield as liver glycogen was inereased approximately 20-fold. A possible
explanation for this is that the over-all conversion of myo-inositol to glu-
cose ig an endergonic process. .

In confirmetion of the work of Agranoff (6), incorporation into lipide
his been demonstrated 1o be yet @ third prthway of myo-inositol metabo-
lism in_the intact rat. The Targest tofal incorporatiolls were found in the
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lipides from liver and kidney. It ix interesting to note the wide variations
in specific activities of the lipides from the various organs, apparently
refleeting considerable differences in turnover rates of the myo-inositol
components,
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SUMMARY

Three pathways of myo-inositol metabolism in the whole rat were quanti-
tatively investigated using photosynthetically prepared myo-innsitol-C*,

A small conversion to glucose is shown by liver glveogen labeling.
Comparable amounts are incorporated into organ lipides. A much larger
conversion is represented by a vigorous oxidative dissimilation to CO,.
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Myoinositol exerts favorable effects on the growth of higher
animals such as mice (1,2) and white rats (3) as well as microorganisms.
However, the knowledge on inositol deficiency in higher animals
is extremely limited. Besides alopecia and spectacled eye (4) in mice,
the only other manifestation of inositol deficiency so far observed
experimentally is the increased mortality among female hamsters at
parturition (5). The lack of clear definition of the deficiency symptom
has been a great handicap in the study of its growth stimulation effect,
and as a result, its effect on higher animals as a vitamin has never
been fully clarified.

While the ability of higher animals to biosynthetize myoinositol (6-9)
is being substantiated in recent years, it has also been found that
certain proliferative tissues in higher animals require myoinositol
for their growth (10,11). Attention has also been drawn to the role
of free inositol in cells (12~14) and the action mechanism of inositol
phospholipid (15,16).

This study was designed to evaluate the nutritional value of
myoinositol and this paper discusses the affinity of myoinositol
toward lipids as reflected in the hepatic lipid composition in young
white rats following the consecutive administration of the compound.

EXPERIMENTAL MATERIALS AND PROCEDURE

(1) EXPERIMENTAL ANIMALS AND GROWTH EXPERIMENT

Approximately 20 days old male Wistar white rats weighing approximately
50 g were employed for the growth experiment, and 3 month old rats
of the same species weighing approximately 120 g, for the comparative
experiment. The experiments followed the procedures described in the
previous paper. The feed was prepared according to the description
by Forker et al. (17), except for the addition of myoinositol. The
cage temperature was controlled within the range of 18 - 23°C.

(2) ADMINISTRATION OF MYOQINOSITOL

As shown in Table 1, 0.5 ml of 0.1, 1, 2, and 10% aqueous myoinositol
solutions were compulsorily administered daily to the animals of groups
B, C, D, and E, respectively, by the oral route. Since myoinositol
at a concentration of 10% does not dissolve at normal temperature, the
compound at that concentration was given in the form of a suspension.
In view of a possibility that the compulsory administration of 0.5 ml
water may exert an effect on the animals, 0.5 ml of distilled water was
also forced on the animals of group A (control group).

(3) EXTRACTION OF HEPATIC LIPIDS

The extraction followed Entenman's procedure (18). The white rats
were clubbed to death, and the blood was drawn by severing the carotid
artery. The abdomen was bisected, and the liver was removed and weighed.
The blood drawn from the carotid artery was used for the determination
of serum cholesterol. The liver was sliced, immersed in an approximately



5-fold quantity of an ethanol-diethylether mixed solut
v/v), and pulverized with an Ultra-turrax. A part of

ion (at 3 : 1,
the pulverization

solution was dried for 24 hours in a drier at 110°C, and the dry weight
of the liver was calculated. The rest of the pulverized organ was
combined with 50 ml of a solvent, and extracted for 1 hour in a warm
bath at 60°C. The extraction was repeated by adding the same volume of

solvent to the residue after each centrifugal separati

on. After repeating

extraction three times, the residues were washed with ether, and the

extract solutions and the wash solutions were combined.

The combined

extract solutions were condensed by heating until dryness, then dissolved
in petroleum ether, and transferred to a measuring flask to be used
for the analysis of liver lipids.

(Average of 5)
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FIGURE 1. The Effect of Myoinositol on the
Growth of Young White Rats

Keys: a, body weight; b, days; ¢, without myoinositol;
d, myoinositol at 50 mg/day; e, myoinositol, at

0.5 mg/day.

TABLE 2. THE EFFECT OF ORAL MYOINOSITOL ON
THE URINE MYOINOSITOL LEVEL
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Keys: a, dose (mg/animal/day); b, myoinositol in 24-hr

urine (mg); c, arithmetic average of 3

animals.

TABLE 3. THE EFFECT OF MYQINQSITOL ON 3-MONTH OLD WHITE RATS
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Keys: a, dose (g/kg/day); b, initial body weight (g); body weight
at 1 months later; d, weight gained (g); external appearence
of rat; f, norma}l; small weight gain, but otherwise normal



(4) LIPID ANALYSIS

For the determination of the total lipids in the liver, the
petroleum ether was distilled out from a part of the above specimen,
and the residue was dried for 24 hours at room temperature in a vacuum
desiccator over phosphorus pentoxide, and weighed.

For the determination of the P concentration in the lipids, the
phosphorus was transformed into inorganic phosphorus according to
Allen’s wet calcination method (19) and the specimen was subjected to
colorimetric determination according to Nakamura's modified procedure
(20).

The N concentration in the lipids was determined by the normal
procedure, i.e., after the decomposition with concentrated sulfuric
acid, the produced ammonium was determined by colorimetry according to
the indophenol method (21).

The total cholesterol level in the liver and the serum were determined

by Zlatkis' colorimetric procedure (22).

(5) URINE INOSITOL ANALYSIS E

The inositol discharged into the urine was measured by the chemical
quantitative determination procedure for the inositol found in a large
quantity in sugars as described in the previous report (23). First
of all, the white rat was placed in a cage for urine collection and
a 24-hour portion of urine was collected. The cage was washed with
100 ml of distilled water, the wash solution and the urine were combined,
and the mixture was treated by means of a Dowex-50 (H'-type) column
measuring 1.5 cm in inner diameter and 7 cm in height, and a Dowex-1
(OH-type) column measuring 1.5 cm in inner diameter and 7 cm in height,
in order to remove ionic materials by adsorption. Subsequently,
sugars were removed by oxidation. The urine (approximately 120 ml)
thus chlorinated was combined with 5 ml of 0.3 N Ba(OH) heated for
10 minutes in boiling water, and, after cooling, comblned with 5 ml of
5% ZnS04. The precipitates were separated with a centrifuge. The
precipitates were washed with 10 ml of distilled water twice, and the
wash solutions were combined with the supernatants. The mixture was
treated with a Dowex-50 (H-type) column and a dowex-1 (OH-type) column,
concentrated in a warm bath at 50°C until the quantity was 2 - 4 ml under
reduced pressure. Distilled water was added to the solution until
the total quantity was 5 ml, and the mixture was used as the sample
solution for the determlnatlon of inositol. A 2 ml portion of the
solution was subjected to the periodis acid oxidation procedure for the
determination of inositol. The quantitative determination by the
anthrone method (24) was carried out before and after the removal of
sugars by oxidation in order to confirm the elimination of sugars.

EXPERIMENTAL RESULTS

The consecutive administration of 0.5 - 5 mg of myoinositol
exerted a favorable effect on the growth of young white rats, but its
large dose administration (50 mg/animal/day) did not necessarily con-
tribute to the growth of animals. Figure 1 illustrates the overall
growth of the control group, the group treated with standard dose,
and the group treated with a large dose of myoinositol in terms of
weight gain. The large dose group indicates slight growth retardation
from the 10th - 15th day after the onset of administration. What was



particularly notable in the externalrappearence was the staining of the
hair due to excessivefatty secretion, loss of appetite, and subsequent
general hyposthenia in 4 out of the 24 cases which were given myoinositol
daily at a daily dosage of 50 mg. These symptoms showed no reproducibility,
and cannot be directly attributed to the large dose of myoinositol.
However, the drug showed a tendency to slightly retard the growth at
a large dosage at a significant rate of reproducibility.

As noted in Table 2, the amount of myoinositol excreted into the
urine showed no significant difference between the groups. This
signifies that, once myoinositol is intraduced internally, it is always
metabolized into some form. The substance may be directly excreted
into the feces, but since the analytical procedure used in this experiment
is not expected to provide reliable measured values, this aspect will
be pursued in the future.

TABLE 1. DOSAGE OF MYOINOSITOL
| : Mkmmmg oz H?Uk fﬁ*“&C’“
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Keys: a, group; b, concentration of myoinositol in
aqueous solution (%); c, amount of solution administered
(m1); d, dosage of myoinositol (mg/animal/day); e,
distilled water

The growth inhibitive effect as observed in white rats is important
with regard to the determination of the limit of dosage in the event
that the compound is administered for a therapeutic purpose such as for
the treatment of fatty liver or arteriosclerosis. In the present
investigation, a large dose of myoinositol was administered consecutively
to 3 months old white rats (weighing about 120 g) and changes were
observed. As shown in Table 3, however, the large dose administration
exerted no effect on the condition of growth.

This outcome seems to indcate that the dosage limit of this compound
is considerably high from the standpoint of its toxicity. However,
since the large dose administration to young white rats inhibited their
growth, it is not at all unreascnable to expect a difference in its
biological behavior between young white rats in the stage of active
growth and mature rats. It is also deemed natural to attribute the
difference in biological behavior to the difference in the growth
capacity of the two groups, in other words, the difference in the cell
multiplication speed.

After raising the young white rats (20 days old) with the feeds
containing myoinositol at the dosages shown in Table 1 for 45 days,
the liver lipid patterns of these groups were compared. The results are
shown in Table 4. The experiment revealed that the administration of
myoinositol caused no significant fluctuation of the total lipid and
cholesterol levels in the liver, as long as the breeding condition was
normal, i.e., without a cause of fatty liver or atheroma. Furthermore,
as Table 5 demonstrates, no significant fluctuation was shown in the
serum total chlesterol level. However, the P and N in the liver 1lipids



exhibited fluctuations. More specifically, as shown in Table 6, the
liver P/N ratio increased with highef dosage of myoinositol. If the
P level in the total lipid is assumed to reflect the total phospholipid
level, and the N, the concentration of nitrogen-containing phospholipids
such as choline phospholipid and sphingomyelin, the above results
indicate that the increase in dosage elevates liver phospholipids.
Conversely, however, the nitrogen-containing phospholipids exhibited
a relatively downward trend.

However, there has been no experimental result indicating that the
effect of this compound on the composition of liver lipid composition
is directly related to the growth retardation of white rats.

The microscopic examination of hematoxylin-eosin preparations of
the organs from the white rats of different groups revealed no significant
difference between the groups.

TABLE 4. THE EFFECT QF MYOINOSITOL ON THE LIVER
TOTAL LIPID AND TOTAL CHOLESTEROL LEVELS

tAgpiopyk | A EVmXD ] e yymxE | A vy-xE
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0 ' 0476 i-m4 . 045 | 104 0.164 180

05 j 0207 | 144 0.151 I 84 0.160 174

5 | o018 | 159 0.137 118 0.163 158

30 i 0169 | M0 0.128 "6 0.148 15

50 [ 0180 159 0.145 146 0.137 15.1

The total lipid and cholesterol are expressed in terms of
value per g of dry liver weight. The values are arithmetic
average of 3 to 8 animals.

Keys: a, dosage (mg/animal/day); b, series I; c, series I1;
d, series III; e, total lipid; f, cholesterol

TABLE 5. THE EFFECT OF MYOINOSITOL ON THE SERUM
TOTAL CHOLESTEROL LEVEL

R VAL — [EPT —
“uisgrmn) gl XS X0 gy —xn

1
0 {148 | 1.9 | 141
05 o148 | 1S " otas
5 18 147 148
10 L1 138 145
50 P150 1 15 4 ha9

Arithmetic average of 3 - é animals (mg/ml)
Keys: a, dosage (mg/day/animal); b, series I; c, series 11;
d, series III

TABLE 6. THE EFFECT OF MYOINOSITOL ON THE LIVER LIPID P/N RATIO

144y b~ -y y—-x1 c ¥Y—-Zl A yy—-xm
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05 | 173 s [OS{7+0.176 234, 158 |00%6+0085 223 | 200  0490.+0067
5 ;220 . 149 | 061730018 228 | 154 |0665:0.101 225 | 197 | 0.508+0.132
10 ST | 139 | 0.66610.184 _28.7 | 178 %OJWLQWG 265 | 213 0.543+0004
50 | 200 | 110 061740079 264 | 152 | 0.761£0.139 266 | 207  0.564 £0.033

P and N are expressed in terms of the value per g of total

lipid. The P/N indicates the molecular ratio. The values

in the table indicate the arithmetic average of 3 - 8, with
t indicating the standard deviation.



TABLE 6-Keys: a, dosage (mg/animal/day); b, series I; c, series II;
d, series III.

DISCUSSION

Myoinositol deficiency reportedly causes alopecia and growth
retardation in mice (2), but this is not always true in higher animals
in which the deficiency is rarely manifest in most instances. In fact,
inositol can be synthetized in vivo to some extent (6-9) and, under
no circumstance, it is expected to act as a coenzyme as other vitamin
B's. Therefore, many investigators are doubtful as to the validity of
treating this substance as a vitamin (25). However, we must admit
the widespread recognition of the fact that it stimulates the growth
of animals,

As is well known, myoinositol is found in vivo in the form of
phosphatidyl inositol, among other forms. Despite its minute quantity
as compared to other phospholipids, its action has drawn considerable
attention in recent years.

In the light of this background, the fact that the effect of the
large dose administration of myoinositol manifested as the inhibition
of growth in young rats may seem to provide a key to the clarification
of the nutritional significance of this compound.

Both myoinositol and choline possess affinity toward lipids, but
many experiments have demonstrated that they act synergistically as
well as antagonistically. The combined administration of choline and
inositol to white rats reportedly exhibited greater inhibitoyy effect against the
occurrence of fatty liver, as compared to the effect of the single
administration (26). Handler (27) studied the nephric necrosis in young
white rats raised on choline-deficient diet,,and found that the addition
of inositol to that diet aggravated the necrosis but reduced the degree
of fatty liver. Jukes (28) and Agranoff (29) conducted similar
experiments with turkeys and chicks, respectively, in their stage of
active growth and found that the addition of inositol to the diet
increased the incidence of perosis or aggravated such condition.

In his experiment (29), Agranoff et al. observed that a large dosage
of myoinositol inhibited the growth of chicks and the results of the
present investigation also indicate the similar effect of the compound
on young white rats. With regard to the observation, Agranoff et al.
made the following analysis. During the stage of active growth, i.e.,
the period of active cell multiplication, the biosynthetic route of
phospholipid which is indispensable to cell formation is also activated,
and myoinositol and choline act antagonistically during this period.

The administration of one of them at a large dosage thus causes growth
retardation. The lipid biosynthetic route is shown in Table 7 for
reference.  According to the chart, both inositol and choline inhibit

the formation of triglyceride, but they are likely to act antagonistically
toward the formation of the - corresponding phospholipids.

The results of the present investigation seem to support Agranoff's
assumption to some degree. More specifically, the P level in the total
lipid extracted from the liver reflects the total phospholipid level,
and the N level, the total nitrogen-containing phospholipid level.
Therefore, the increase in lipid P, consequential to the increase in
the dosage of inositol, signifies an increase in the total phospholipid



level in the liver, and the drop in N, the depression of the total
nitrogen-containing phospholipid level. This fact also suggests a
possibility that the consecutive administration of myoinositol at a
large dose during the growing stage of animals exerts some effect on
the liver lipid pattern.

At this point, it is deemed necessary to call attention to the fact
that the consecutive large-dose administration of myoinositol to white
rats which had reached maturation exhibited no effect on their growth.
This observation is indicative of the possibility that the growth
inhibitive action occurs specifically during the period of active cell
multiplication.

However, whether or not the fluctuation in P and N levels in the
total liver lipids is directly related to the growth inhibition in white
rats is yet to be determined. From the nutriological standpoint, it is
necessary to investigate the effect of choline itself and whether the
increased amount of N in the feed is able to compensate the inhibitive
effect. What is even more important is to accurately evaluate the
changes in individual liver phospholipids in each group of animals.
These problems are yet to be solved, but an experiment is currently under
way at this laboratory in order to clarify these problems.

CONCLUSOON

The effects of myoinositol on the weight gain and liver lipid
pattern in white rats were investigated.

1) The large dose administration of myoinositol seems to inhibit
the growth of young animals. The young animals raised on a feed
containing a large dose of myoinositol showed smaller weight gain than
those given feeds containing the standard dosage or substandard dosage
of yoinositol. The administration of the compound at an even larger
dose to mature rats produced 4y growth inhibitive action.

2) The examination of the liver lipid patterns of different groups
of animals revealed an increased P/N ratio in the liver lipid with higher
dose of myoinositol. However, no significant change was noted in the
total lipid level or cholesterol level in the liver. These rssults
suggest that the large dose administration of myoinositol influences
the liver phospholipid metabolism in young white rats to some degree.

3) The mechanism of growth retardation due to a large dose of
myoinositol in young animals was discussed in relation to the changes
in liver lipid pattern.

The author is grateful to Prof. Yagi and Dr. Kotani of the 1st
Department of Biochemistry, Nagoya University School of Medicine, for
their guidance. Acknolwedgement is also due to Miss Yoshiko Yamamoto
for her cooperation.

TABLE 7. THE ROUTE FOR LIPID BIOSYNTHESIS FOR THE
EXPLANATION OF THE EFFECT OF A LARGE DOSE OF MYQINOSITOL
ON THE P/N_RATIO OF LIVER LIPIDS,

L~2-Glycerophrsphate

1 2HCO.CaA

CIT 4 Tnoaital

L-a-Phosphatidic wcid —-+lncsitol phosphatide
COP - Choline

p-2,8-Diglyceside —>» Choline plasphatide

RCOCeA
Triglyceride
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(Recetved 31 July 1943)

Inositol ocours in animal tissues in both free and
combined forms. The ococurrence of water-soluble
combined inositol was first suggested by Rosen-
berger [1908a,b, 1910]. Comparing the inositol
contents of fresh rabbit musocle and commercial beoef
muscle, he came to the conclusion that animal
tissues contain ‘igositogen’, This may be identical
with the ‘tyrophenosit’ of Danileffski [1884], who
reported, without giving data, a considerable in-
crease in the inositol content of mice after 6 days’
autolysis at 37° in the preeence of CHCl;. Needham
[1923) found that the skeletal muscle of a freslly
killed rabbit contained only one-half the amount of
inositol found in that of a rabbit killed 2 days
previous to the estimation. An increase in the free
inositul content of the skeletal muscle of rats oc-
curred after autolysis of the tissues [Needham,
1924]. Winter [1934], working on cardiac musele of
dogs, postulated the occurrence of three forms of
inositol in animal tissues: ‘free’ inositol, determined
after § hr. boiling with 109, KOH; ‘combined’
inositol, determined after 5 hr. boiling with 109
KOH, and ‘newly formed’ inositol, liberated after
incubation at 37° in nitrogen. The cardiac muscle
of the sheep, ox and pig contained no ‘combined’
inositol [Winter, 1940]. It is doubtful, however,
whether much significance can he attached to any
of Winter’s results, owing to the unreliability of the
chemical methods he employed. Woolley [1941a]
obtained inositol after acid or alkaline hydrolysis of
an ethanol-insoluble, H,0-soluble, non-dialyzable
wbstance isolated from liver. This was considered
to be probably a phosphoric acid ester of inositol,
Rapoport [1940] found that in bird end turtle
erythrocytes a large proportion of the organic acid-
®luble P is present in the form of phytic acid.
Besides being present in.animal tissues in water-
soluble combined forms, inositol also occurs in brain
and spinal cord bound in a phosphatide fraction.
Foleh & Woolley [1942] isolated inositol from an
%eid hydrolysate of brain cephalin, and found that
it constituted up to 109, of this phosphatide frac-
ion and amounted to as much as 049, of the
Weight of the brain. =~ '~

It is evident that further work is required to
tlucidate the nature of the water-soluble combined
formis of inositol in the animal body and the
Methods of breakdown and significance of both
Vater-soluble and water-insoluble combined forms.

Recent developments have, in fuct, followed on the
application of a microbiological technique [Williama,
Stout, Mitchell & McMahan, 1941; Woolley, 1942},
‘The chemical methods at present available for the
estimation of inositul in biological material [see
Noodham, 1923, 1826; Winter, 1934, 1940; Young,
1934a,b: and Gregory, 1935] are, however, tedious,
lengthy and involve the use of relatively large
amounts of tissues. The method to be described is
much quicker than previous ones and possesses

. severnl other alvantages, including improvements

in the extraction of inositol from tissues, the re-
mnoval of interfering substances by ion exchange
naterialy and the estimation of inositol, without
isolation, by oxidation with periodic acid.

.

METHODS
Principle of the method of estimation

Dricd tissue is extracted with water and the frac-
tions insoluble in 709, acetone and soluble in ether
both removed from the aqueous extract. Glucose
is then removed by yeast fermentation and both
acidic and basic substances present in the extract
removed by adsorption on a mixture of ion exchange
adsorbents. The free inositol present in the extract
is then quantitatively oxidized with HIO,, the
excess HIO, being estimated iodometrically. Suit-
able corrections are applied for any HIO, used in
oxidizing the glycerol which may be present in the
extract at this stage.

Water-goluble combined inositol is determined
after acid hydrolysis of the aqueous extract.

Experimental

Preparation of tissue for extraction. As soon as possible
after death, the tigsue is removed from the animal, sectioned
on a freezing microtome and the sections dried in thin
layers in Petri dishes in vacuo in the cold room over silica
gel. Drying is completed in an oven at 110°, after which
the material is powdered and kept in the cold until analyzed.
The waler content of another portion of the same tissue is
determined by drying to constant weight at 110°.

Extraction of inositol. An amount of dricd powdercd
tissue containing approximately 0-5-1-0 mg. inositol (i.e.
1-0-2-0 g. dry skeletal muscle powder) is brought to the
boil with 50 ml. distilled water. filtered under reduced
pressure through a small plug of cotton-wool in a funnel,
and the vessel and filter washed with two portions of 5 ml.
of distilled water. This process is repeated twice, the three
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extracts pooled and evaporated to ahant 50 ml, and acetone
added to give a tinal concentration of 709,. The precipitate
is filtered off and the acetone removed from the filtrate by
distillation. The extract is evaporated down to about 25 ml.
and extracted with ether. The ether extraet is washed once
with sbout 200 ml. distilled water, and the washings added
to the aqueous residue, which is then concentrated to
approximately 30 ml 1 it is desired to estimato the ‘com-
bined’ wuter-soluble inositol as well as the ‘free’ inositol
the aqueous extract can be divided into two portions and
one hydrolyzed as described below,

Removel of glucose, The only satisfuctory method for the
removal of glucose was found to be yeast fermentation, as
used by Younyg [1934a]. Rince some products of glucose
fermentation have to he removed on the ion exchange
adsorbents, the fermentation stage was carried out before
the adsorption.

A washed yeast suspension is prepared by shaking one
part by weight of pressed baker's yeast with five parts of
distilled water, and centrifuging; this process is repeated
four times and the suspension of washed yeast then made
up to the original volume with distilled water. The sus-
pension is prepared fresh each day and its potency tested
by incubating 2 ml. with 25 ml. glucose solution (containing
5 mg. glucose) for 10 min. at 37°, and estimating the re-
ducing power of the supernatant fluid, obtained by centri-
fuging, by Hagedorn & Jensen's ferricyanide method, a
blank being sct up at the same time with yeast suspension
and water only.

The tissue cxtract is incubated at 37° with 2 ml. of the
yeast suspension for 10 min. and then centrifuged. The
supernatant liquid is siphoned into a boiling tube and the
yeast washed twice by centrifuging with 10 ml. portions
of distilled water, the washing being kept separate from
the main supcrnatant fluid for the subsequent adsorption.

Preparation of ion exchange malerials and the removal of
interfering subslances from lissue extracts. After ireatment
with yeast, the extract is purificd by the use of ion exchange
materials, with a carbonaceous zeolite for cation exchanges
and ‘M.P.D. Resin® as an acid adsorbent. Both these are
obtainable from Permutit Company, Limited.” A brief
account of the use of these substances for the purification
of muscle extracts has been published [Platt & Glock, 1942}
The removal of ereatine and creatinine from muscle extracts
by this method proved to be much more efficient than by
the precipitation teehniyue of West & Petersen [1932] with
HgS0, and BaCOy,, which was employed by Young [19340].
Treatment of the extraet with a mixture of regencrated,
washed and dried carbonaceous zeolite and *M.P.D. Resin’

is more efficient than successive treatments with the twog?

manterials separately. With this technique, however, the
adsorbing materials cannot be regencrated.

250 g. or more of the carbonaccous zeolite are shaken
gently at intervads for a period of 1 hr. with 2 vols. of
2N HCL, filiered on a Buchner funnel and washed on the
funncl with a total volume ‘of approximately 5 1. of distilled
water, The final washings should be neutral to litmus., This
regenerated, washed cation exchange material ix dried at
100° and sieved so that the particles are of 2040 mesh
sieve size. The *M.P.D. Resin® s treated io a similar way,
but with 2N NH Ot instead of HCL At least 11, of hot
distilled water should be used to wash this reagent, in order
to remove excess m-phenylene disnnine which is liable to
Le present and which, if not removed completely, gives o
blank reading with 1110, These two regencrated, washed,

\

dried and sieved materials are mixed in equal part- v,
weight; this preparntion will be called the ‘adsorbent”.

15 g. of adsorbent are introduced into a tube apjuo,
mately 20 in. by 7 in., narrowed at the bottom to .
proximntely % in., and fitted with a small piece of bl
tubing carrying a glass tip and provided with a serew 1,
The material is kept in position in the tube with a loo .
packed plug of glass-wool. Before being treated with 1),
tissue extract, the adsorbent is washed with a total vobun.
of approximately 100 ml. of distilled water. The fin
washings must give no blank when allowed to react with,
5ml. 0-:01M HI0, for 10 min. at room temperature. ‘I,
prevent the formation of air bubbles in the column, whil,
would impede the passage of liquid, the tube shonld contu,
distilled water into which the adsorbent is poured, the
level of the liquid being kept above the top of the wl
sorbent. After the adsorbent has been washed safficiently.
the supernatant liquid from the yeast treatment is pourl
into the tube and allowed to drip through the column at .
rate such that the whole of the liguid passes through in
approximately 90 min. When the liquid has passed throuzh
completely, the first 10 ml. portion of the yeast washing-
is poured into the tube, and the rate of flow adjusted =0
that this liquid passes through in approximately 15 miu.
The tube containing the column of adsorbent is suckued iy
on a filter pump, and then a second 10 ml. portion of yeu-
washings is allowed to drip through the colummn, which i«
then sucked dry. The column is washed with the help ol
suction with 15 successive 5 ml. portions of distilled water.
This amount of washing is found to be necessary wid
sufficient to obtain quantitative recovery of 1 mg. of added
inositol.

The assumption has been made that the only H10,-
rooeting substances which are not removed from yvi
fermented musele extracts by the adsorbent mixture are
inositol and glycerol.

Oxidation with HIO,. At the suggestion of Prof. 1.
Raistrick, we investigated the possibility of estimating
inositol Ly oxidation with HIO,. Malaprade {1928« h
1934] found that polyhydroxy alcohols were oxidized quan
titatively by 110, at room temperature. Ileury & July
[1937 6, b] used periodate for the estimation of inositel
both in pure solution and in the presence of glucose, but
under the conditions used by them the oxidation, when
allowed to go to completion, used up much more periolate
than was to be expected from the equation

C.H,(OH), 1 6H10, == 6HT0, + GH.COOH,

and they came to the conclusion that sccondary reactions
oceurred. )

By allowing the reaction to go to completion at Lo
temperatures (6-8°), we have found that the utilization of
10, is quantitative. Formic acid, determined by titrating
to pH 55 with 0-01N NaOH, with a mixture of chlor
phenol red and browmueresol green as indicator, has been
produced to the extent of about 909 of the theoreticd
amount by the time the utilization of H10;, has reached
the theorctical figure, Thercafter no more formic acid 1
forméd. Some typical results for the reaction lhetween
H10, and inositol in varying concentrations at 8 and e
are given in Fig. L.

Differential oxidation of inositel and of ylycerol by Hio,
After the removal of glucose from muscle extracts I
fermeutation with yeast, small amounts of glycerol Femntn.
Some, no doubt, is extracted from the muscle and an

VRN
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amourd equivalent to approsimately 4%, of the glucose
fermented is produced by fermentation. Attempts to re-
move plyeerol by making use of its slight solubility in cther,
its reported solability i dry cthyl acetate, and its fermen-
tation by Bueillus protens, all failed, Glyeerol, in eon-
rentrations of 0-2-0-0 mg 100l solution, is, however,
oxidized completely and guantitatively hy 2ml 0-01M
HIO; at 87 in M0 min,

t20r-

s
T

=
7

S
=

~
<

Percentage of theoretical reaction
>

Time of reaction in hours

Fig. 1. Reaction of inositol with periodic acid. Extent to
which the reaction
CH(OH)g +6H10,=611.COOH + 6HIO0,
is followed.
I, 1 mg. inositol/10ml. + 5 ml 0-01 M HIO, at 30°.
11, I mg. inositol /100 ml. +10ml. 0-01 M HIO, at §°.
HT, Tmg. inositol/100 ml +5ml. 0-01 M HIO, at 8°.

The percentage oxidation of glycerol (0-8 mg./100 ml.)
by 2ml. 0-01M H10, at 8° at intervals up to 100 min. is
as follows:

Time inmin. 20 30 40 60 70 80 90 100
% oxidation 530 0686 79-8 956 930 100 100 100

The tine for complete oxidation of glyeerol depends on
the temperature at which the reaction is carried out and
on the concentration of Loth glycerol and H10,: e.g. at 6°
I mg. of glyeerol in 10 ml. water is completely oxidized
Ly 3:0 ml. 0-012 HIO, in 15 min.

Concentrations of inositol of 0-5-2-5 mga./100 ml. react
to the extent of 1-7-2:20/ with 2.0 ml. 0-01M HI0, at §°
in 90 min. It was therefore necessary to determine (@) the
total H1O - reacting material (inositol plus glyeerol) in
100 . of solution treated with 10 ml, 0-01 M HIO, at 8°
for 48 Lr., and (b) the material reacting under the same
conditions of concentration and temperature with 2 ml.
O-0IM HIOQ, in 90 min. (b) includes the whole of the
glyeerol wd approximately 29 of the total inositol. Thus
the difference between (a) and (b) multiplicd by 1-02 gives
the inositol content of the solution.

Abscuce of BIOreducing substances other than Hlycerol
and inositol from fermented efflucnt. 'Mhere is support for the
assumption, that glycerol and inositol are the only 110,
reacting substances left after fermentation and adsorption,
i the fact that the glycerol content of the purified extraets,
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caleulated from the HIO, reduced under the conditions
stated above, is identical with that calenlated from the
formaldehyde formed, estimated as the dimedone deri-
vative. The only other possible substanees which woull
react with HIO, are amino-acids. Tests for NH, produetion
(from  B-hydroxy amino-acids) with H10; in strongly
alkaline solution in a Conway unit were always negative,
as also were tests for amino-N by formol titration,

Estunation of free inovsitol, The efuent from the adsorp.
tion procedure is made up to 200 ml. in a graduated flask
and 100 mL. withdrawn. Both portions are cooled to 8§,
To onc portion arc added 10 ml. 0-01M HIO, {also at § )
and the reaction allowed to proceed for 48 hr. Ta the other
portion, 2 ml. H10, are added and the reaction is allowed
to proceed at 8° for 90 min. If a temperature other than 8°
is selected the time relationships for oxidation of both
glycerol and inositol at this temperature must be deter-
mined. The reaction is stopped in both cases by adjusting
the pH to approximately 65 by the addition of 5ml
phosphate buffer (12 g. Na,HPO,.12H,0 and 20 ml. X
H,80,/100 ml.), followed by 5 ml. 5¢, KI solution. After
5 min. the I; liberated is titrated with approximately
0-004N NagS,0, with 19, soluble starch in saturated NaCl
as indicator, the end-point being stabilized by the addition
of a few drops of saturated NaHCO, solution. 1 myg.
inositol contained in 100 ml. distilled water is also allowed
to react with 10 ml. 0-01)M H10, for 48 br. at 8°, and the
excess HIO, titrated as above.,

The HIOQ, reduced is obtained from the difference he-
tween the titration of the purified tissue extract after
reaction with HIO, and the blank titration obtained with
the HIO, alone.

Let x=HIO, reduced in terms of 0-004N Na,S,0, in
48 hr. at 8°,

y=HIO; reduced in terms of 0-004N Na,S,0, in
90 min. at 8°,

z = HIOQ, reduced by 1 mg. inositol in 48 hr. at 8°,

The approximate inositol content in mg. of half the
extract is given by (¥ -y)/z which should be multiplied
by 1-02 (scc above).

Estimation of ‘combined inositol’. For the estimation of
the water-soluble combined inositol, the extract is hydro-
lvzed with acid [Woolley, 19415]. Both watcr-soluble frac-
tions (i.e. ‘free’ and ‘combined’) are determined in the
same sample of tissue, with twice as much tissue as in the
procedurc outlined above. Before fermentation, the extract
is made to 50 ml., and one-half is refluxed for 6 hr. with
HCI (final conen. 189 HCI). The HCI is removed by dis-
tillation under reduced pressure, and the contents of the
flask are washed out with distiled water to give a total
volume of approximately 25 ml. and then neutralized by
the dropwise addition of N NaOH.

aperimental dicts

Albino rats were put on an experimental diot, containing
only small amounts of inositol, at 6 weeks of age and wers
in gool condition when killed after an experimental period
of 16} months. The dict consisted of casein (A°E, Glivo),
249 snerose, 6750, (replaced by maize dextrin, after
133 months on diet, for 2 months and by rice starch for
last month); MeCollum’s salt mixtuee (185), 495: wheat
germ oil, 2965 dried yeast (Poruda utilis, 959 dry mattern,
r n(’)' in-

containing not more than 2:7 myg. nositol ), 25
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creased to 69, after 2 months on the diet: ascorbic acid
2-5 mg. daily; vitamin A approximately 22-5 1,v. daily and
vitamin 1) approximately 4-5 Ly, daily (both contained in
2 drops of Radiostolenm diluted with peanut oil). Between
8 and 12-3 g, of this diet, mixed to a thick paste with water,
were fed daily to ecach rat.

RESULTS
Inositol content of rat tissues

Table 1 contains the mean results of analyses of the
tissues of four rats for water-soluble inositol, free
and total (i.c. including combined).

-

Table 1. Inositol content of rat tissues

Wuter-soluble: inositol
(mg./100 g. tissue)
A

L4 —
Free
Al

rDry wt. Wet wt. /Dry wt. Wet Wt.‘
{2) Rats given 5 mg. inositol/day

Y
Total

Tissue

Skeletal niuscle 493 12:9 81-2 213
Liver 852 24-8 178 52:1
Heart 141-3 34-3 186 45-3
Brain 241 55-8 286 670
Kidney 328 88-0 456 123
- (b) Rats given no extra inositol

Skeletal muscle 24-0 6-3 76-2 18-3
Liver 89-0 25-5 174 50-3
Heart — — — —
Brain 169 378 205 66-1
Kidney 316 , 795 426 _ 113

Our values for the total water-soluble inositol
contents of rat tissues are of the same order as those
found by other workers, including those recently

-

‘B. 8. PLATT AND G. E. GLOCK

Iyy,

obtained by Willisins ¢t al. [1941], with a i
biological method, on tissue autolysates. The e
portions of free to total water-soluble inuvsital 4.
also of the same order as those obtained i,
Woolley [1942], who also used a microbiolog. .
method. :

It will be seen that there is no important dif1.,
ence between the values for the total water-solul.
inositol for the rats receiving the inositol-dificic),:
diet, and those with added inositol. It thusappe.
that rats are able to synthesize inositol, whi |
confirms the earlier work of Needham [192
Woolley [1942] also Bhowed that mice could ~yu
thesize inositol in the gut if the diet was n.t
deficient in pantothenic acid.

SUMMARY

1. A chemical method is described for the vt
mation of inositol in animal tigsues. This posscsses
advantages over earlier methods in that the tin
taken for an estimation is considerably reducd,
the method of extraction of inositol from the tissuc-
improved, the tedious precipitation procedures re.
placed by treatment with ion exchange materiuls,
and the inositol finally estimated in solution hy
reaction with HIO, without isolation of the
inositol. ) :

2. Both free and total water-soluble inositol weie
determined in the kidney, heart, liver, brain and
-gkeletal muscle of control rats, and of rats receiviny
a daily supplement of 5mg. inositol. No appr
ciable difference was found between the total wuter-
soluble inositol contents of the tissues in the tw.
groups of rats.
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Lipotropic Factors and the F atty Liver
Produced by Feeding Cholesterol

By JESSIE H. RIDOUT, COLIN . LUCAS, JEAN M. PATTERSON axp C. H. BEST
Benting und Best Department of Medical Rescarch, Uni versity of Toronto

(feceived 1 May 1946)

The excessive depusition of liver lipids which is deposition of cholesteryl esters did not diminid,
produced in rats by feeding diets containivg  during this period, while that of inositol, whic,
cholesterol is inhibited by choline and betainoe initially was definitely less than that of choline,
(Best. & Ridout, 1933; Best, Chanuon & Ridout, progressively decreased. Under certain conulitioy
1934). Choline was shown to affect hotl glycerides  inositol exerted no lipotropic actio:
and cholesteryl esters but deposition of the former
was inhibited mnore than that of the latter. Many
preventive and ewative experiments were sub-
sequently reported and the results were in general  White rats of the Wistar strain, reared in our own colony,
agreement with those of the earlier investigations,  werc used. A few days before an experiment was started th-
In the early studies no evidence of auy significant  animals were placed in ipdivixluql cages, with a false botto
of coarse wire screen, in order to accustom them to the
environment. The groups in each experiment were then
bhalanced as far as possible with respect to weight and sex.

rd

EXPERIMENTAL

waning in thelipotropie effect.of choline was observed
with or without cholesterol in the dict (Best &
Ridout, 1936)‘, H“"S\,\'O”-h & (ﬂ.ynn (1944), how- Weighed amounts of fresh diet were given daily, in fee!
over; report that this occurs in cholesteral-fed trays designed to minimize spilling, and the following
rabbits under certain  experimenta] conditions. mo‘rning the amount left over and the scatter were weiglil,
Furthcrmore, it has been stated by McIlenry &  Y¥rom thesc duta themindividual daily food consumption-
Patterson (1944) that inositol but not choline has o were caleuluted. The average values are recorded in the
dofinite effect on cholesterol metabolism. It beczune  Tables. The rats were ‘group pair-fed” and cared for as
evident, thercfore, that further studies were described previously (Best, Lucas, Patterson & Ridont,
1946).

The composition of the basal diets is given in Table 1.
The supplements used in the test dicts are shown in Talles

neeessury to determine (¢) the relative lipotropice
effects of choline and inositol, and {b) the duration

of t]fe :u.tlm? of‘thesc agents when fed separately ¥-4. Choline was incorporated as its chloride, in molceulurly

a,n(;]‘ i combination. . . . equivalent amount, c.g. 0:3459, choline chloride was used
Fheso problems have been reinvestigated in in dicts stated to contain 0-309;, choline.

cholesterol-fed rats observed for periods up to 16 In Exp. 1 the test diets (see Table 2) were fed for period-

weeks, The effectiveness of chioline in preventing  of 3, 8 and 16 weeks in order to determine whether any

Table 1. Perecnduge composition of basal dicts N

-Content (9,) in diet nos.
e -

- [

— . R

Jomponent 1 1A 2. 2A 3 3A 3B -3¢ 3D
Casein 8 8 8 8 10 10 10 10 10
Gelatin 12 12 12 12 — — — — —
Suerose 60 5693 73 70 84 81 51 51 51
Salts 5 5 5 5 4 4 4 4 4
Cellu flour 2 2 2 2 2 2 2 2 2
Beef dripping 10 10 U { 0 0 30 — 20
Corn oil 2 2 0 2 [ 0 — 30 10
Vitumin powder* 1% 11 b b 0 1 1 1 1
C.1.0. concentrate§ 0-010 0-010 0-010 0-010 0015 0015 0-015 0-015 0135
Cholesterol 0 05 0 1 0 2 2 2 2

* The vitumin powder consisted of ancurin hydrochluride 500 mg., riboflavin 250wy, pyridoxin 260 my., calein.
pantothenate 1000 my, and nicotinie acid 1000 g made to 1000 g0 with very finely powdered (100 miesh) suerose, Rat
eating 10 ¢, of food per day receive Mhge. aneurin hydrochlovide and proportionad amounts of the other vitamins daily

T Diet< Tand 1A contained not only the nsual B vitaining but also per 10 g diet, 15 mg. vitamin B (z-tocopherylacet ite
and S0 e, vitamin K (2octhiyl 1, A-naphthoquinie), : )

I The rats reccived duily sabeutaneans ibjections of the following B vitamins in -5 ml physiological saline; aweurin
hydrochloride S0, ribofl in 28 et pyridosin 20 g caleiun pastothenate 100 00, and nicotinge eid 100 .

§ e cod-diver oil concentrate (Averd, MeReroa & Harrion, Ltd. Montreal), cintained 200,000 ian vitamin A sl
SL000 L vitimin Dy



Vol o CHOLESTEROI

waning of the lipstropic cffect of chaline er inositol occurred
duving this periods In Expo 20 of duration 8 weeks, @ come
parisorwas made of the rdative effectiveness of eholine and
inoitol, sinety and in combination, when fed at several
different levels, in dicts with and withont added cholesterol
(‘Table 2). The rats in Eap. 3 were fed o ration devoid of B
vitaming for o preliminary period of 3 weeks, Comparalile
groups of these antmels were then fed the chalesterol-
containing test diets (Fable b for 1 week to examine the
effect of the prddiminary pericd of vitwmin depletion
(<imilar to that used by MeHenry and his associates) upon
the relutive cflicacy of the lipotropic fuctors.

The animals were stunned and the livers removed im-
mediately. The Liver lipids were extracted with hot absolute
ethunol and analyzed as deseribed hy Best ef ol 1946,

RESULTS
The data for total lipids (Tables £ 4) are presented
as percentage of wet liver weight for ease of com-
parison with many values in the literature. The
individual eomponents of the liver lipids are
reported as myg. liver, From these values and the
other date in the Tables, each component may he
caleulated to eithor o wet weight or {at-free dry
residuc weight basi<. For many purpos. the latter
mmethod of expression is to be preferred. The
magnitude of nornad valies for liver lipids ex-
pressed as pereentage of drey, fat-free residue woight,
wits dotermined to serve us o hase for comparison,
Livers of ten vats (123-160g.) on a stock diet

. FATTY LIVER 195
(Master fox breed:
gave: total lipid-
phospholipids 11

beg), analyzed individuaally,

o 26°3 (range 20-1 31465

1-12:9); free choletoral
(-87 (0-73-0-98); desterol 1-02 (090 -]-21);
cholesteryl esters, ded as oleate 0426 (018
0:36); glyceride 12-4 (- §-17-7)., A stnunary ol the
more pertinent data, caleulated on the baxis of fat-
free dvy residue, is given in Table 5.

DISCUSSION

Ezxp. 1. Tho results (Tables 2 and 5) provide
further evidence that the lipotropic action of
choline is not evaneseent. They do not support the
claim that inositol is more effective tham choline
upon’ cholesteryl esters. . ]

Total liver lipids of rats on the cholésterol {ree
ration (diet 1, groups 1, 5 and 9) continued to
mereaso beyond the three-weok period frequently
used in previous studies. The value obtained at 8
weeks was, however, just as high as at 16 weeks.
As the glycerides accumulated in the liver, chole-
steryl  esters  tended to rise  proportionately,
whether dietary cholesterol was present or 10 (of.
also groups™2, 6 and 10, in which cholesterol wis
present in the diet). Comparison of theso two sets
of data shows that the amount of cholesterol in the
dict affects the ratio in which cholesteryl esters und
glycerides are deposited. A graphic representation

Table 2. Effccts of dictary suppleiseils o /Iu"zw(c of deposition and composition of liver lipids

(Average initia] weight of rats 150 . (range 123-175 ¢.).)

Liver
ey

Average
- Aver- fat-free Tofal Composition of liver lipids (mg. Tiver)
Addition to Avarage age  dry  lipids - - ’ ey

Basal diet foud  Weight wet residue (9 wet Phos- Cholesterol

diet  Group . —--—"———— Survivors/ intake  change weight weight liver Total pho- ~—e e 2 e
no. no. Substance 9 Starters (g day) (%) (z.) (g} wt) “lipids lipids Free Total Ister* cride

Test diets i

« for 3 weeks

1 1 None — 1202 10-4 2 104 1-748 2719 2833 210 146 31-7 2002579
1A 2  None — 11,12 10-6 ) 11-:3 19200 37-60 4248 248 200 1477 214 3765
3 Choline 03 10,12 115 12 85 1979 838 712178 165 896 123 304
4 Inositol -3 1112 104 3 11-1 1-651 30135 3373 248 2000 1175 164 2041

Test diets fed for 8 weeks
1 5  None — R/12 10-1 4+ 3 133 1-837 3700 4973 236 20-1 781 a7 4610
1A 6 None R 912 1u-G 9 162 2075 3750 GOs) 280 377 4121 631 514
7 Choline 3 10,12 0-9 27 781748 s0s 627 236 168 917 126 248
8 Inositul -3 7i12 100 6 13-4 1825 3431 B246G0 2700 3360 2780 405 453N

Test diets fod {or 16 weeks
1 9 XNonc — 1012 1@ 115 -6 2-042 3604 SE20 287 245 TG a1 su5T
1A -10 None - 0,12 10-t+ b 16:7 2001 3866 G163 230 45 4903 703 S
. 11 Choline 03 G2 10-¢ HE ] 87 2101l 771 G722 253 188 7 42 nos
12 nesitol -3 ;12 b3 43 g 2012 3629 Sl M6 341 4007 61T 10

In this and subscquent Tables, the Lol teryt sty t
maltiplyving the weicht of Lowod ol terol hy the factor )

adie hag Leen exprecod as choleteryl oleate, abtaingd 1y

RIS
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Tablo 3. Lipotropic cffeets of choline and inositol with und without cholesterol |
Li\;er o :
Average
Aver- fat-free Composition of liver lipids (mg./liver)
Addition to Average age dry Total . - A S
Basal ) diet food  Weight wet residue lipids | Phos-  Cholesterol

diet  Group ,—— - ~Survivers! intake change weight weight (% wot  Total pho- ———A  Gly..
no. no. Substance 95 Sturtvr.f (g./day} (%) (8) (g.) liverwt.) lipids lipids Free Total Ester* cril.

2% 13 None — 2122 11-5 0 105 1584 31-24 3238 240 186 77T 100 2874

14 Choline 01 9/10 11-4 +14 79 1792 830 659 266 138 261 21 359

15 Choline 03  12/12 113 + 9 7-0 1613 824 682 273 150 246 16 2%

16 Inositol 01 9/10 106 + ¢ 80 1-442 21:81 1744 228 148 389 41 1441

17 Inositol 03 1112 11-4 -4 .87 1615 2334 2084 264 176 416 40 1762

18 Choline 01 9/10 115 +19 67 1510 7-18 483 249 133 217 14 208

~ +inositol 0-1 ) . .

19 [Choline ~0-1 - 10/10 . 109 +17 70 1617 644 453 239 128 188 10 191 ‘
| +inositol 03 T .. - _ ' j
' ‘ . 20 Cholin: 05 11/12 117 +10 G 1615  6-20 . 415 - 252 150 182 o 142 i
+ inositul 03 - . . “
: 24* 21 None — 72022 1183+ 4 121 1691 3971 4824 283 289 3167 485 4027 1
: 22 Choline 01 10/10 .108 +26 7-0 1493 1500 1056 280 16-5 1125 162 597

23 Choline 05 11/12 11-4 + 6 62 1454 8905 556 241 164 568 68 231

24 Inositol 01 1010 10-8 +18  11-2 1-356 3486 3915 206 230 2500 382 3245

25 TInositol 03 11712 111 + 1 114 1-523 3604 4109 275 26-4 231-8 346 3462

26 {Choline 01 10/10 11-2 +25 66 1-481 1220 808 271 17-0 1189 188 352

1 +inositol 01
g7 ~{Choline 0-1 9/10 10-5 +21 60 1.375 10-28 620 241 143 -583 T4 200
& Y vinositol 0-3 ) .. ) . ’
8 {Choline 05 11/12 119 +11 66 1555 7-52 485 275 164 307 24 16y

W

| +inositol 08 -

* Limited availability of animals necessitated doing the experiment in two sections with a time interval of about u
month. The average weight of the 12 animals used in each group in the first part was 175 . (range 140220 g.) and of the
10 in the second part was 140 g. (range 80-200 g.). The difference in size of rats used in the two parts of the experimerit
did not affect appreciably the total liver lipids (the values in the two basal groups were: diet 2, 33-11 and 2874, diet 2.\, !
38-83 and 40-789; of wet liver weight) or the composition of the lipids. The figures given in the Table for basal Groups

13 and 21 are weighted averages of the two sets of values. ]

of another example of this relativnship has been 4, 8‘ and 12) was never nearly as effective as
published recently (Best et al. 1046). choline. At 3 weeks choline had reduced total

When the basal diet contained cholesterol (groups  lipids from 247 to 409, of fat-free dry residuc
2, 6 and 10) the liver lipids appeared to reach a  weight, while inositol had brought the value down

e maximum within 3 weeks, if caleulated as per-  only to 2049, and at 16 weeks the influence of
; centage of wet liver weight. If expressed as per-  inositol was even less (Table 5).
| centagr f fat-free dry residue weight, however, it Free cholesterol showed a small and possibv

will be : wted (Table 3) that the liver lipids con-  insignificant rise in the livers of the animals on the
tinued to increase throughout the test period, the  cholesterol-free ration (diet 1, groups 1, 5 and 9) as
values at 3, 8 and 16 wecks being 247, 204 and  the oxperiment was prolonged (Table 5). The
315 9%, respectively. This prestmnably means that, presence of 0-59, cholesterol (diet 1A, groups 2, 6
after 3 weeks, fut und water tend to he deposited in- and 10} caused a slightly greater and probably
the samo ratio. The increase in fat was due mainly  significant increase in the free sterol. Chanutin &
to accumulation of glycerides with smaller incre-  Ludowig (1933) have also noted increases in frec
ments due to cholesteryl esters. cholesterol after feeding cholesterol under sowc-
The inclusion of 0-3 9 choline (groups 3, 7Tand 11)  what different conditions. Choline tended to re-
in the diet kept the total liver lipids at a low level  store the level of free cholesterol in the liver to
(about 8% of wot liver weight, which is only normal (Table 5), while inositol Lad a negligible
slightly above normal) throughout the whole 16.  effect.
week period.* Inositol fed at the same level (groups The cholesterol intake (05 %), while considerably
* Himaworth & Glynn (1944) noted an evanescent effect smallor l:]luu in rome proviows experiments, was still
of 4 my. choline daily in vats fod a diet containing 509 lard. groutly “} excess of the amount” contained in the
Data to be published shortly indicate that this amount of  normal diet of rats. While cholesteryl esters wore
choline is insufficient to maintain liver fat at Jow levels  not reduced to normal values by 0:3%, choline
under these conditions. thero was a marked and progressive reduction,
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Table 4. Effect of prelindnary depletion of B vitamins on li}mlropié uctivity

(Average initial weight of rats at beginning of test period 65 g. (range 55-85 g.).)

Liver
A
Average

Aver- fat-free Total Composition of liver lipids (mg./liver)
Addition to Average age  dry  lipids ; A .

Basal diet food - Weight wet residue {9, wet Phos- Cholesterol
diet  Group .——*~— Survivors/ intake change weight weight liver Fotal pho- ——0 A Glye-
no. no. Substance 9, Starters (g./day) (%) (g) (&) wt) lipids lipids Free Total Ester* eride
3 29 None - 6/6 7-2 -13 49 1-226 483 238 151 79 82 1 79

. (Vit. B
depletion) !
34 30 None 12/12 10-2 +18 81 1.760 20-93 1701 199 1547 50-0 58 1493
31 Choline 05 1212 10-2 +18 6-2 1-308 1263 787 178 136 350 36 G55y
32 _Inesitodl 05 12/12 192 =420 6:3 1-280 1578 998 178 125 365 41 6o
3B 33 XNone — 9/10 5-4 + 5 61 0833 3243 1971 128 137 833 117 171»
34 Choline 05 9/10 5-8 +18 45 0852 1095 .- 400 123 1144 307 33 321
. 35 Inositol 05 9/10 b3 + 8 54 0785 2833 1523 117 126 764 107 1286
gg {Choline 05 10/10 50 418 48 1042 728 350 116 11.9 203 14 ogy
{ +invsitol 0-3 . :
3C 37 None — 8,10 50 + 9 6-8 1013 24-47 1670 131 123 807 115 1411
- 35 Choline 05 9/10 53 +21 51 1086 1640 769 163 135 347 36 557
39 Inosilol - 05 8,10 53 - +13 6-2 0922 3096 1931 118 138 872 124 1675
40 {Choline 05 8/10 6-0 +22 511133 - 871 449 118 109 359 42 . 274
1 +inositol -5 e

3D 41 None — 11,12 72 + 6 4 1076 35-96 2663 184 164 970 136 9327
42 Cloline 05  12/12 71 + 7 46 1092 832 38 173 120 431 53 148
43 Inositol 05 12,12 7-0 + 7 6-4 1051 3161 2088 173 148 106:3 154 1745

compured with the controls, throughout the 16-
week period; at 3 weels 0-3 9/ inositol was not as
effective in reducing steryl csters as was choline
and its effectiveness diminished ns the experiment
was prolonged.

The constancy of the phospholipid values (12-0,
11-3, 12-0, 12-09, fat-free, dry residue weight for
Groups 9, 10, 11 and 12, respectively) is remarkable

Jin view of the large changes in glyceride and

cholestery] esters. _

Exp. 2. The results of this experiment (Table 3),
in which cholite and inositol were fod singly and in
combination, at several different levels, for 8 weeks
confirm and extend the above-ientioned findings.
The firat c(nhparisons were mado using fat-frec
test diets (diet 2, groups 13-20) and a similur study
was made with diets containing 2080 corn oil
(Mazola) plus 19 cholesterol (diot 2A, groups 21-
2%),

On the fat-free diets vholine fod at the -1 % lovel
was ainost as effective on all the lipid components
as when 0-59 was provided (compare groups 14
and 15, Table 5). In the presenice of ¢holesterol
{eroups 22 and 23) the smaller dose of choline was
inferine to the larger. The latter hrought tho liver
Rlyeerides nearly to normal and «nused an 4590
reduction  in cholesteryl estors, 'Therefore oven

lirge amounts of dictary cholosterol (1) do uot

TR TR T ARG T W T

produce a condition as unfavourable for the action

" of choline as one might be led to expect from state.

ments in the literature {McHenry & Patterson,
1944).

Inositol at 0-1 9 dietary level exerted only a very
limited lipotropic effoct in the rats on the fat-free
diet (Group 16) and even less in the presence of tle
corn oil plus cholesterol (Group 24). Three times as
large an intake of inositol had no significantly
greater effcct on the glycerides and produced only
a slightly greater decreaso in cholesteryl estors.

In Tables 3 and 5 the effocts of various combina.-
tions of choline and inositol are also Ppresented.
Inositol (-1 9) added to the diet free from fut awd

cholesterol (diet 2) did ot augmoent the effect of

0-19, choline on total lipids or glycerides (compure
groups 14 and 18, Table 5). Thoe slight decrense in
cholesteryl esters is of questionable sipnificance,
When the amount of inositol was inereased to
0-3 9% a slight but definite effect on both glyeerides
and storyl esters wis noted {groups 14 and 19),
Addition of 0-3 9, of inositol to a die already con-
taining 0-5 9% choline brought both glycerides
cholestoryl esters within the norinal rango (gronups
15 and 20), : .

In dicts contair’ng fat and cholesterol (o)
21 28), s combined effects_of choline and inosifo)]
in the umounts mentioned winno wore qualitatively
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Toble 5. Claniposition of Heer Lipids

],i\'m’
Duration 'I‘Ut l] Free ('hu!( \h rl
Dasa Groun of exp. lipid cholesterol ester Glyeo
it ne. Suprplene it “ (laws) 9% fat-dree, dey recidue. weight
] 1 None - 21 162 053 1-7 14N
TA 2 Now - 21 247 121 124 21y
3 Chat 43 20 40 0-93 G-9 R
1 Inositol -3 21 204 1-21 89 178
] h None — 56 271 1-10 53 257
1A [ None a6 204 1-82 30-4 28
7 Choline 03 56 36 OG0 72 14
3 Inositol 03 o6 238 1-84 22.2 244
1 9 None — 112 260 115 45 247
1A 16 None - oo : 315 o217 36-7 255
1 Clioline -3 1i2 32 . 090 4.4 15
12 Inos ol 03 112 265 BGY 302 221
2 13 Naone - 56 218 1-17 6-3 195
14 Choline -] a0 52 078 1.2 35
15 Choline 05 a6 36 044 1-0 17
16 Inasitol 0-1 56 168 1-02 2.8 148
17 Inositol 03 o6 137 118 2.7 115
(Choline -} o - w . o~
18 1 ine-itol o1 56 53 0-83 09 35
{Choline (-1 - - " .
19 ] S inositel 03 H6 4()' ) 0‘19 ) -6 . 24
. {Choline -5 s 4 0 )
20 |+ dino=itol 0-3 a6 26 93 0-3 il
2A 21 None - 36 301 182 306 a0
22 Choline (-1 56 7l 111 l1o-8 40
0 Choline 05 a6 33 1-13 47 16
oy Lriosital 01 56 280 168 282 230
25 Inosital 0-3 56 270 1:73 2207 227
ot {Chlome 01 =0 o ~ . ‘
26 1= inositol 01 a6 35 1-15 111 '
. Cheline 0-1 o 4 = . .
27 {T e o 56 15 1-04 34 a1
o Choline (30 - O "
94 { ] o 56 31 103 16 I
3 20 None (Vit. I —_ 21 19 0G5 003 6
depletion)
24 30 N — 7 97 0-88 33 81
31 Choline 03 7 60 104 2.8 43
32 Jnosital -3 7 78 0-98 3-2 ({E}
3B 33 Noue — 7 237 1-G-4 141 2015
34 Choline () 7 52 120 34 31
35 Inositol -3 7 104 160 137 1G4
g Choliue 05 ¢ R ' . oy
36 e o 7 a4 11t 14 20
3C 37 None ~ 7 163 1-21 111 139
38 Cholise 0-5 ki 7l 1-25 33 s
30 Inosito] 05 7 212 1-51 136 INI
Choline 0-3 . . o
10 { Al o 7 10 007 37 5
3D 41 None - 7 215 1-52 126 216
42 Choline 3 7 35 I-1o q-8 1
13 Inosito} O 7 199 140 G i
stnilar to those doserthed 1 (he preceding para- nositol utow e Da o0 0 Fhe Jeved of ey et
graph, The Ievel of stery ] esters in the T ! sronpwaes Towered GG fardher when ololine 045 i
(21) was increasedd v e B0ld by feodingg chioleeodd, inositol O-5 00 were snpphic <l (roup 28) Ba 1t
AT profcinad decraan was produecd by G800 vidae vesnisdoed above norned, Thiee (e U

choline: "Phis effect was uol augmentod Ly 100 of chalino cred bren ol can !u cleaiy e
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arocortoe dosaes Jeveb, Dot hoere acan there 1o no
e nde ree of coffcet of pnesfol 0

any preferential
cholestors et

g8 Vs cxperivensanbesdamad o compaere
fhe robative eftec tiverees of cholivg aond hositol
;;‘f eroa [H"“ial:m
e vt (Hhee l.y.,y((]mnr folloma o) by A Hmn"\

fat
)

AWV Aas

v thrensyieck previed of lh-]lh {1011

sued his e coctitest The infloonee of dictary
vpon the Tiver Hipids of cholestosol B0 i
wlodetermine o Dot 84 contuined 20 eholeateral
vithout any fat, 313
sofurated Tat (hoef dripping 30900 3C contained
satvea{od ol (Muzok) and

contained  an eosentinlly
Phe sanre ot of an
A contained oomistare of these two fats (beef
deippiong 2000, Mol J0 00,

Davines (he dopletion period (dist 3), the Toad
coeustnnbtion ol Trom ahont 8 L per day te shout,

S The e b dost o weight and several Jied,
.
e

;_VIU“J'

sarvivors were  divided o comparable

toowhich the test dicty woere fed for T oweelk:

onlv.
In every case ehinline was more offective than
cited i redact refal Hvee hpide b che b ey

eoerss Phe presenes of fabin fthe Losal Jhets (08,
SO aad 3D e Ve totad Tive s lipide st
Foappoors to hive coased aoslipht aiee bothie e
cholesterod UTehle G and about o foer ot f
in the stors bostors (co opore grongs H0with 33
) The uatwree of the dich fid

rats v the haa! dics

PCpree
37,

s

5 mtheneod e
deposition of Ayeerides i
and, toa naneh soaRer cxivnt, thet of o estoern
33 and 37 The shighity

Lol

{conipne fonver

clalestery ! eator

J_I‘UHL)‘
e the vat. recoiving the corn
o (wronp 37) s coinpare ] with those on hee!
dripping (oroup 53) s probably o vefiesion of the
lower cdverride conten! of the Hvers of the earneoil

pronp’s Tewould sppear e the oo for wrong -
Sland 88 thot choline i< somewhat soae e e i
redicing elyveeridecin aniiads on hec Ui ppies than
Hoiw fat. ot
prochaced wosma ! deceenne o glyeeride: Borate oy

{hie

deposition of glvceride s in the S corn-oil e ap L This

when corn ol s the divta

the heel drippine, bt secowd o inerense
hien notodd

Plaondler,

eHect, which revuive s further sy, e

proviously  (Beseridge & Bucas, 1845

FATTY LIVER
1O16). The synergistio cffect of ¢loline
was again evident,

When the two fufe were precent (Dicad Brics Dby
mositol had sonne effect on dyeoerides, reeets
the lack of offect
group-=s 37, 39 with 1 43)0 Howevir, there v
Pt

presence of bheel dripping there apricios (o be o«

aned e 1t

on the "corn ol dict ™ (305 ol
Vi

lipotrepie offect of inositol on steryl ester -,

partial removal of the Dlockage of the lipotopi
effect of fosito! which is observed in the dice con
taining corpn oil alone.  An almost completely
saturated (at-feoction fron beel dripping and o
highly unsatwreated one from corn oil, have heon
preparved and their influence upone the lipofiog
activity of wositol is heing studied,

SUMMARY

1. No waning of the lipotropie offeet of ¢haolive
was observed in rats fed oo dict containing 08¢
cholesterol for 16 weeks,

2. Inositol, fed at the sanw level as choline, wo-
never nearly as active in Jdecreasing pfyveeric

o]
cholosteryl esters and its offectiv eoess dimini-lLicd o
the experbaent waos prolopged,

3. The cistic lipotropic effect of cehiodine
plos inecitohwvas clesriy deivonstratedin elioke oot
fed rats but inositol did not
effect on cholestory] esters,

4. Inexperiments, sbuilar to those of Mellens
Pattorsen (1014 and of Handlor (T046) i which {1,
rats were given o peedimieey peviod of defiodoaoy of

synery;

IE9R

cruerd any preforen

vitonin B, choline was uniformly neore offeetin.
than
cholexteryl estors i cholesieselfod vats voeeivin «
diets with or without fut. These reculls agee with
111«.~:(\.1‘(‘1’m1'|(ﬂ. by Handler (1946),

A0 Purther evidencetlat the nature of the dictogy
fat wffeets the Yipotropic action of inositol Las he oy
presented and briefly disevas

iositol in decveosingg Hver glyeevicles oo !

We are indebted to onr eolleague, I S0 MeAvt o,
whose inproverents in the Scheenheinor Sperry procedur
for detormining chiolestorad made 36 appbie o s e
contuitiue shbuorne Ty Lirge mneunts of fatc The expoas
of this investiation were defiuyed, inpart, hy a
the Paarting Researele Fonadation,

srant froon
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Inositol Con’cent of Blood Plasma!
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InTrRODUCTION .

The development of micro bioassay. methods for inositol has made
it poxsible to determine this substance in grains and other food stuffs,
veast, animal organs, clc., the content of which is of interest because
of the vitamin functions of this cyelie carbohydrate (1). We have
adapted the method of Woolley, with the modifications by Atkin (2),
to the determination of the inositol content of blood plasma. The
procedure consists in a nephelometric evaluation of the growth of a
struin (No. 4228) of Saccharomyces carlsbergensis after 16-17 hours in a
medium supplying all necessary growth factors exeept inositol. Various
details of the method and of the recovery checks, carried out with each
test, are described in the Experimental Part.

The range of inositol content in plasma from individual subjects
was 0.42-0.76 mg./100 ml. A wider range was found in determinations
on pooled plasma from miscellancous patients: the values were 0.54,
0.65, 0.66, 0.69, 1.00, 1.03, 1.31, 1.32, 1.42, and 1.87 mg./100 ml.

In :# number of patients suffering from amyotrophic lateral sclerosis,
the values were between 0.37 and 0.67 mg./100 ml. These patients had
been selected for inositol studies in view of a report (3) that per oral
mositol administration exerted a favorable influence on the therapeutic
offcets, and thus, by implication, on the absorption and utilization of
tocopherol in certain myopathies. No such therapeutic effects could
be observed with the use of inositol as an addition to tocopherol in
cases of amyotrophic lateral selerosis; a elinieal report will be given by
Dr. 1. 8. Wechsler elsewhere.

One normal subject and four with amyotrophie lateral sclerosis were

"hedicated G Professar Carl Nenberg on his 700h birthday.
3
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given daily LSO g of inositol for several weeks and the plasma level was
analyzed at weekly intervals. The table summarizes the results which
show moderate irregnlar inereases exeept for ease number 103,

TABLE 1

Plasne Tnositol Values In Normals And Patients Before And
After Drositol Administration

Mg. inositol in 100 ml. plasma

No After administration of 1.5 g
: inositol per diem
Starting level

* for 1 week for 2 weeks for 3 wecks
1 Normal 0.51 0.46 0.70 0.93
2 Normal 0.76 — — —

. 3 Normal 0.42 — — —_
101 Amyotr. Lat. Scler. 0.62 1.04 1.11 —
102 Amyotr. Lat. Seler. 0.47 0.50 0.82 0.75
103 Amyotr. Lat. Scler. 0.67 0.52 0.33 —
104 Amyotr. Lat, Scler. 0.37 0.80 0.57 —
105 Amyotr. Lat, Scler, 0.45 — — —

Values obtained by this method in materials, other than blood
plasma, have been accepted as true values in spite of the rigorous con-
ditions of hydrolysis. The purpose of this hydrolysis is twofold: to
liberate conjugated inositol and to destroy proteins, the presence of
which would produce opacity *during sterilization. In experiments not
reporfed here, we have attempted to avoid these rigorous conditions
for deproteinization of the plisma. In the course of these studies we
have reached the conclusion that a considerable portion of the plasma
inositol is non-conjugated and ultrafiltrable. Inositol seems to be partly
destroyed, or masked, under essentially milder conditions of acidity
and time than those used hy Woolley and by Atkin. Hence, the plasma
inositol values given represent a lower limit and the actual amount of
inositol in plasma may be higher. The forms in which inositol oceurs in
plasma need further investigation.

. 3
CXl’]'l]lIl\(EN'l'.\L
Individuul blood epecimens were obtained with potassinm oxalule in the fasiing

state in the castomey momer. Ten ml of plasma wore hyvdrolyzed with 100 ml. of
18T 1O for 6 hours 4

s the hydhvolyvnte GHored tuough a siigo ed gluss filter.

6T *96-€68T *WeYDoTg °*YoIy
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The filtrate was concentrated mraceo, tiken up in 30k of distilled water, treated
with & siall amouut of Norit, and after filtration, the volume was made up to 50 mb.
The pIl of the acid solution is brought to ca. 5.5 by a few drops of 109, NaOH.
Tenally, duplicate samples of 2,3, and 4 ml of this solution are placed in 50 ml
Trlenmeyer flasks, and 5 ml. of the medinm are added. Finally, all volumes are made
up to 9 ml with distilled water.

The medium is prepared by combination of the following solutions:

Sugarand salts. . ... 500 mnl.
Potassium citrate buffer . .. ... .. 100 ml.
Ammmoidum sulfete (3350 o o o 50 ml
Caleium pantothenate (200 y/ml). . ... on 25 ml,
Pyridoxine (10 y/mbj. ... .o 50 ml.
Thiamine (0 y/mL) . ... . 50 ml.
Biotin (1 y/mbL) ... .. 50 mlL
Casein (acid hydrolvzed) 109 .o 100 ml
Water. ... R to 1000 ml

Sugar and Salts Solution. One liter contains 200 g. of C.P. dextrose (anhydrous),
2.2 g. of monopotassium phosphate, 1.7 . of potassivm chloride, 0.5 g. of ealeium
ehloride (CaCly-2H,07, 0.5 . of magnesium sullnte, 0.01 g. of ferrie chloride, and 0.01
g. of manganese sulfate.

Potassium Citrate Buffer. One liter contains 100 g. of potassium eitrate (KsCeHOr-
H.0) and 20 g. of citric aeid (HCsll:07-1L0). :

Sterilization, inoculution, and incubution are carried out according to Atkin (2)
and the final nephelometric reading is performed in a Klett-Summerson photoelectrie
colorimeter with filter number G6.

In addition to the G flasks with aliquots of the unknown, 10 flasks are set up con-
taining standard amounts of 1,2, 4, 6, and 8y inositol in duplicate, and also 4 flasks
for recovery tests, two of them containing 2 ml. of the unknown + 4v inositol and
two with 3 ml. of the unknown + 2y inositol. In 26 tests the recoveries al both levels
averaged 909, with a standard deviation of 8%,.
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SUMMARY

The application of the nephelometric micro bioassay with Saccharo-
myces carlsbergensis to the determination of inositol in human blood
plasia is deseribed.

The rauge of plasma inositol in normals and certain patients is
0.370.76 mg./ 100 mb for individual fasting camples. Pooled plasma
fram miseellaneons patients ranged from 0 54--1.87 me. /100 ml

+
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Daily ingestion of 1.50 g. of inositol usually produces a moderate
rise of the plasma inositol level.
T TN W vyt M M N
Destruction of some incsitol during acid hydrolysis cannot be ex-
cluded. The state of inositol in the plasma needs further investigation.
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Klin, Wochschr, 321567 (1954),
Inositol and Blood Picture
by Helmut Staubach and Helmut Seckfort

Inositol, which belongs to the group of lipotropic substances,
has recently been granted, in particular under the influence of Amer-
ican authorék more attention in the treatment of fatty liver and
arteriosclerosis®, Also, in the therapy of malignant tumors, a certain
effect has been established wi huigositol - cancerous tissue should be
able to be damaged by inositol”’ ™'~

Thereby is raised the question, whether healthy tissue can also
experience injury through inositol application and whether any harm,
in particular bone marrow damage, is threatened under the conditions
of clinical use of inositol,

Tegt procedure and results: To clarify this questign we have
tested (see the particular details of the test procedure®) the cellular
elements of the peripheral blood for qualitative and quantitative as-
pects at regular intervals in, collectively, 24 metabolically healthy
or mildly ill subjects not only in individual tests (12 cases, each
one dose of 2 g inositol intravenously) but also during a longer period
of treatment (12 further cases, each 16 days long, 2 g inositol intra-
venously)., In particular, changes of cell structure, which could have
indicated damage to the bone marrow, were looked for,

It was shown that the inositol administration produced no struc-
tural changes of the blood cells which could indicate am injury to the
bone marrow, In addition, there appeared, in contrast to the observa-
tions made with choline and methionine application’, no quantitative
change in the blood cell concentration in the periphery.

Summary: Inositol administration to healthy subjects in the
above-mentioned doses caused neither qualitative structural nor quanti-
tative concentration changes of the peripheral blood cells,
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BIOLOSHCNL CONVERSION O INOSUTOL INTO GLUCOs1®

By MARJORH R STETILEN axn DeWrrT STITLTEN, Jx.

(Fram U Deparncnt of Biock miistry, College of Physicians and Surgeans, Columbic
University, New York)

(Reevived for publication, April 3, 1016)

The faet that the widely distribuded natneal product, meso-inositol,
is onmerie with 410 eome. o hexazwes hns provolked many - attempts o
demonstrate the pluecgenie natore of inositol in anirals, The vesults
of cardy investigntors indivate (hat when ine=itol is injected in large doses
info animels a maxinmsn of about 50 per cent is exereted unehanged (1).
Attempts o relate the fate of the romainder of the invsitol to the carbo-
hvdrate of the hody hiove be o numerons and inconclusive,  After admin-
istiadion of inesitol (o diabetie or phlorhizinized animals no inerease in
sigar exeiction coud be shown by Kitly (2), while Greemwald and Weies
formd o SHabit inerease in the €N padie (M- The searel for newly fornied
shveogen in the livers of previon Vv Fastad aninals siven jnositol produced
negative yeanlic in ol erees (2, 5 8) Anderson (6) found no increase in
the vespivatory quotiont »fter inositol administration.  The results of
Oppenb-imer (7), Faiabden and Crieshael; (8}, and Gricshaeh and Oppen-
heinser (9Y indieute e, mdile ghicose, inositol does not. bring about Tetic
acid formation when perfused through surviving livers,  On the other
hand, Starkenstem (16) ~howed an inerease in lactie acid simultaneons
wWith inceitol disappearmnee in musele oy Iver minee, and Mayver (11
isolated Jacetie acid from the urne of vbhits griven inositol subetitancoly.
[n swvizing hese vorions reenlis Needlumn (1) finds no proof of the
converion of inositol indo glucone in animals,

The recent elucidation of the configaration of meso-inositol, whieh
disclosed {he posstbility that elosvase hetwern o specific pair of earhon
wloms would give 1tse fo @ moleeule of the conliguration of d-glucose (12),
has stimaled o remvestigation of this problem by more sensitive {eeh-
HHGUes,

Onlyf veltively nissive amomnts of o foat, substince are rapidly con-
varted into slieose h the aniiual Doy will this conversion significandly
nfluenee {he quantity of glocose in the urine of @ dibetic animal or the
Grantity of glyeogzen in e Byver of o previousl fasled antml. H,however,
the fest subistanee could e stably Inboled witly isotope; s conversion to
fheeose even moamall anoun(. mishl he deteeluble By the aphearatioe of

CHhEs vork was eanied on with the ald of grinty fron (he Josial, Naey, Jr,,
Vomdation, cid (he Nudvition Favlation, Ine,

8
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isotope i the glicose exereted or the glyeouen - aed. Our enperience
with dcuti-:‘iu-"hu'o\‘(‘ and dewderioplveagen s aceond withe the iden
ﬂlat the 1!‘4.'?\] aoen atoms honnd to caorbion i heae mmalecnlo o nre hoth ehoans

/b

ically and ‘!)i(m,@l(‘;luv\‘ =table (I3), Ttwas thorelore defennined fopr
asample of mese-inositol in which the ecarbon-hound hydrogens were lat .
with deuterium, to administer this material to cuitable experimental animals,
and to investigate the isotopiec composition of the glucose exereted in the
urine and of the glycogen deposited in the tissues of these animals,

The preparation of mese-inosital by the catalvtie hydrogenation of hexa-
hydroxybenzene has been reported by Wicland and Wistooot (14). The
unique or preponderant formation of one out of nine postible isomers Was
surprising, hut the method seemed ideally suited to the present require-
ments and was consequently investigated, Noteworthy incongruities
in the original deseription are the fact that at one point the catalyst is
referred to as Pd and at another as Pt and the statoment that the Il
uptake wix greater than that required by theory.,  We have made several
attempts to repeat this eyntlosis) investigating hoth Pt and Pd eatalysts
at several temperatures und in varlous solvents, but in no case could
pure product identifiuble as mesodnesital be solated.

We therefore sought and found conditicns ander whicl the carbon-
bound Iy drogen atoms of inesitol would undergo exehange with deuterinn
of the =elvent.  After proluonaed shaking of mexe-inositol in DO solution
with Pt eatalyst at 130-150°, but litile deconpasition was found to have
occtrred sl there was no evidence of %altered configiration. Some hut
not all prepaaations of Pteatsloacd an excliange of carhon-bound biydrogen.
In aquecus acetic acid no exclhiunge occeurred, and the addition of alkali,
though increasing the decomposition, did nol cugment the exchange.  Iiven
when exchiange did ocecur, it wis notably slow. After 1 week to 1 month
of shaking incsitol with PL catalyst in D.O, deuteriim had entered only
between 4 and 17 per cent of the carbon-hound positions of inositol.

From surh an exchange reaction a sample of inesitol was ohtained which,
after cxhu<tive vemoval of deuterium from its hydroxyl positions, con-
tained 1.75 atomn per cent of deuterium.  This product has heen used
in the animal experiments to be deseribed. In cach case it was admin-
istered Dy intr:m:\r}hnmzll injection In vicew of the described intestinal dis-
turbanee efter oral adininistiation of nositel (2, 6).  Relatively large
amounis were given heemise of the abundant wrinary exerction of in-
jeeted inosital (5, 10). Two of the test animuls were glueosurie rats, one
rendered foow it phlovhizing the other with alloxan. The thivd experiment
involvdd the study of glve <»;»;)(-u iralated frong previously fasted rats,

2 e of deud o inesitol were injeefed i divided doses aver 74 hours
into a fasted phlorhizinized vad; the wrne wie collectad for 24 haues, daring
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i

which Gime 2 sre of glacoe woe exereled. Tominimize dilution of any

i this gliease, Hovwes dxolded ox p-;* it glueonade;
4

l"Hwi“ ]‘I'l‘\
Veordubn T OUTIG abon per cent DL Wheveas 3 was expected

”11‘ ratey Vi
OR PO I RTI TR »:uhi':;l'i()l‘\' =cpuration
of urinary glueosc from iy nesitol, 11 possibility was entertained
that he otope appaiently present in the ghieonate was actually in con-

The elnconie ‘\(‘lf] wis {herefore converfed info its

that conveision fo pole i

{taminnting inesitel,
l("".mm;w:v‘,'- devivalive (15) which was predicted to contain 0.116 X
11716 = 0.080 wionry par vent 1, 'H.v ;’iudl!i"' of 9.072 atom per cont D
in this (T(‘l”.'\::‘,z‘m confivins our conelusion that the denferium was indeed
present in the winny glhicose exereted by the rat. As the deuterium
comtent of the hody Doidowas essentic!ly notinal, the souvee of the deuterio-
glucose mu-i huve heen the deaierio-ine ol that had been injected.

Tischor Las <hovwn the configimational possibility of d-glicose arising
from meso-inveitol Ly simple ring fission (12). If the deuterio-glucose in
= having arizen e this way, the po-

dueose moleeules should have con-
taincd 1.75 X As the potassium
gluconiite isolated from the urine contained G TG cdom percent 1, 0.116,/1.59
X 100 = 7 per cent of the vy eheose may be aecounted for as having
arisen from inosttol. This is oominion figure, in that inesitel may have
- procedures involving the
Sinee 2 ora of glucose were mcrotod during the period of
study, at Jeast 2 gro. vt huve been synthesized, or at least 110 mg. of
elucose were fored from the inositol injected.  Of the 2 gm. of inositol
injected, therefore, o minimmm of 7 per cent was utilized for the formation
of glucosc.

An attenpt was made (o demonstrate siinilar formation of glucuse from
imosital in a rat made dubetic with alloxan.  Unfortunately the quantity
of wrinary glicose in the period following the injection of inositol was small,
necessi - ding its isolation as the osazone and further dilution of the sample
prior to its combustion for D anadysiz. The probable error of the analysis
thus Leeame too kuoge {o permit the attachment of any =ignificance to the
awdytical figure .02 atom per cent D).

In a third experin: ot inositol was given {o six previously fasted rats
which were Milled 3 hours thereafter. Incaeeord with the findings of others
(2,4, 5), practicadly no glireogon vwas recovered from the livers. Abundant
ghveogen was Tound o the neeles, hut o proved to contain only 0,020
atom per eent 1), which s too Tow avadoe Ffor interpretation.

We Lielicve aur evid hows elcaly thet) st Teatin the pldorhizinized

al, inesitol serves as a prccsor for ghieases Whens compined with otlier

A ; i 1
[

A not o VitE) IS IR Prreenr=or, as Is

the prescnt experient = pletured
{assiun ehconnte devived from saeh o

= L3538 atom por cont D,

been converfed futo ghivose by nore elaboratc
loss of isotoye.

”IU(U"(M\ st tinees i s RIDEEERTY
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N TP ¥ ; 1 g .
indicated | oy cose it codld be shown io arise

o [ :
vothe wan ; :
from the inositol adinicfered. V) oalter generons wiministration, only

some L0 g, of inoitol are el duy converted o ahacoee by the md, it

is not anpeizing that i glieon
by cutier workers. An fucrement in vy glucose of this order of mag-
nitude would, in the conventinl {ype of experiiment, he searecly signi-

ficant.

aie nadore showdd have escaped defection

EXPERIMENTAL
Attempts at Synthesiz— A nimher of attempis were made to syntbesize
n -inositol from hesals Jrovybe - e gl related rting materials, ae-
cording to the conditions of Wiclind and Wighart (1) snd with-vaiation in
the temperature, solvent, and catalyst., Triquinene and hexahydroxyhen-
zene were prepured from hydroquinone by a series of reactions deseribed by
Nietzki and Benckiser (16) and Henle (17). Part of the hexahydroxy-
benzene was purifiel by repeated recryztallization from concentrated I1IC]
containing SiCh, and the rmainder was converfed 1o hexabydroxy-
benzene hewaneetste,
pheric presswre in the prosence of plitimmn catalyst (Baker) either at
room temperatire or at 1007 with acelic auhydride; nectic acid, or dioxane
as solvent. Reduetion of hexalivdroxybenzene iaolf or of triguinone with
platinum ¢ pallictiom eatalvet in water at various feinperatures between
25% and 100° readted in Tadiagen uptuke, often more (han required by
theory for incsitol fommnation, but no pure product identifiable as mieso-
mositol cotdd be dsolated. .
Prcparation of Deol-rio-Tnosital by Eeclwige with fHeavy Weater—A number
of attempts weie made to introdice deuterinm into carbon-hound positions
by Carefully purificd meso-inositol was
sealed into Tulis in the presence of platinn catalyet in neutral, acid, or
alkaline 110, and the Bulls were shaken 1 (o 4 weeks at 150 -159°,
Inosited wolated from the solution was analyzed for deuterium.  In three
out of a totul of tvelve tiial:, carbon-bound deutorium was introduced.
Inall triak in which the plitinn oxide catalyst was reduced Dy bubbling
Tz througl the mivture of inecsitol, catalyst, and solvent, no excliange oc-
curred.
completely yeduced iy shaking inwater under an o mosphere of ITy and then
transferred {o the exeliange hallh containing the inositol,  This hus been
tuken to mican Lt complete reduction of (he catalyst is essential. In
sueh iy o evelinno wis found fo Tive fuken place s ith 50 per cond avetie
acid s solvent, whereas i did ocewr with distilled woder or 0.1 5 NaOll
Io the beat Goo Giad tse in v il Tow comrenbetione of ILOr were ey

The hexaacetatfe could nod Le reduced af atnios-

in inositol by exchange reactions.

meso-

Befter yeults were obtained when the catalyst was previously

Ployed, 1T.0 per cont of the C Do Badhrogen stons wes eaclumged in

MR STETIEN aXND o, fl‘f;'.’”l‘?,,\') Jir. &Q
water and 170 per cond vas exclinnaed U hrte (ki i o week, When
water was used us solvent, meso-inesitol wes recoverd in gond yiclds o 1

3

only slight decompasition s noted, whereas in dilote alhadi considerable

he reeoverad. One
attempt was made 1o introduee deuteriom by treadinting o solution of
inositol in DO with ~x-rays. When 1 gm. of inositol in 20 ce. of 1,0 was
irradiated with about 4000 Rocntgen units per minute for 1hour, no stable
D was introduced

The sample of deutesio nositol used for the Biclogie: expertments was
prepared Ly exchuange in 99 ators per cont D). S g of inesitol, sealed
in a bull with 25 gm. of DO and 1.6 g, of Pt catilyst, were shiuken at
130-150° for 30 days. The solution beeame light brown in color. The
recovered solvent was found to econtain 80.5 atom per cent D0, Waler
was repeatedly added to the residue and evaporated away to remove all
exeess D from the hydroxyl positions of the inositol.  Inositol was isolated
by precipitation from water with ethanol and reerystallized from sueous
ethenel 6T gny of a componnd were reeanered with propertics identical
with those of the me Sueso inositol originally vsed. '

decomposition fook pliee «nd Tocs mrso inosital coul!

Caleulated, €100, 1L 6.67; found, C 39.95, IT 6.44
Starting material, mop. 220-226°; jsolated material, m.p. 223-226°
Mixed m.p. 2242967

The inositol contained 1.75 atom per cent of D, all of which must have
been hound diveetly to C atoms.  The concentration of D in such positions
was therefore 1.75 X 12/6 = 3.50 atom per cent D, and conscquently,
3.50,80.5 X 100 = 3.9 per cent of all the arbon-Lound hydrogen had
undergone exchange.

Inositol Administration to Alloxan-Diabetic Rat—An adult white rat

was made dishetic by the injeetion of 15 mg. of alloxan monohydrate per
100 g of body weight. Tt was found to cxerete 6 to O gm. of glucose per
day when on a diet of Rockland rat pellets.  The rat was fasted for o 9
hour preliminary period, after which 2 g of denteriv-inositol in 16 ce. of
sterile water were injected infraperitoneally in four equal portions at 2 hour
intervals.  Drinking wafer was given ad lilitum Hut no {ood was allowed;
the urine wus colleeted for 24 hours after the first injection.  Since only 78
mg. of glucose were present in this urine, isolation as glucosazone was
resorted to, a procedure that necessaily diluted any deuterium that may
have been initially present in the glucose, and the 68 g, of reerystallized
osaizone obtained had to be diluted further for analysis. The analytical
vahie of 0.02 atom per eent D in 1his sample wais {os low for inferpretation.

TWe wisht to el DT O By oF e Depaitnent of Bdiology for the ad-
minizstration f the N-rays,
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Inosi A 7,
for a pre ‘mmm,\' 49 Imw peris '1 was e o “ by the hypodermic & Euladen, G, Guieshos b W2 ] Clone, S1, 251 (1l
injection of o sesame ofl emulsion of 0.01 . of phlarhizin per 100 gm. of O, G Lol AW aned Oppac b T, Sy Biseho . 700 85, 303 (1610
body weight, 2 gur of deuferio-inositol in 16 ce. of waler were injeeted 10, Sterkewsicin, I X ceps Potlov Flecop., G, "7“ U
intraperitoneally in forr doses ¢ atintervals of 23 hours,  The urine colleetod 11. Mayer, P., Bigclem. 7., 9, 533 (1005},

12. Fiseler, 11, O, !,‘} j]ur.(:, Loviarca, 40, 150 (10110,
13, Stetten, 1Y Je J0 Biol. Chon, 158, 123 (4617
14, Wielansd 11 oed \,:;-:wt H Jw. T L AL

i

for 21 hours after tie fint inositol mjeetion was found to contain 2.0 gns.
of glucose. A sample of water distilled from the urine contained 0.004

atom per cent Do The wriiery sugar was oxidized 1o ghiconie acid and 15. \oore, §, and Link, . P, T, Rl ihen, 158,

0.916 gm. of potassiom glueonate was isolided. Part of the I gluconate 16. s ard Bonekioe '

was reprecipitated from water with ethanel and ywas found to contain 17, - ’17 (}"{;":J" . Bl i 1BA, 931 (1044)
1 1 - T p 18. Stettern, D, dr, and Boxer) G / col o O D ABR 2310 (1044

0.116 atom pev cent 1 The vemainder of the K gliconate was converted ;

to its henzimiduzole derivative (15).  The glueobenz iniidazole, after re-
erystadlization from water, contuined 0.072 4 tom per cont D) as compared
with the valie 8 0.0 peeticted oy the hasic of " the D analysis of the I
glucore.

Inositol Adirins fration to Normal Teastod Ret After ¢ix adult rats had
been Tasted for 17 hanre, cael wis injected intraporitoneddly with 370 mg.
of dentericinaiial in 2 col of water, The rate were killed 3 hours later
by a Dlow on he head ape! szt ol ted Dram e total combined livers
and from the coeases (180 Some mdeon T floid was noted in the
peritoneal cavity, A sample of Ly \‘.:z(m contained 0.014 atom per cent
Do Therewes ol o h aceof phveosthin the Heers, Trom (he evisceraterd
carciies TAS gn of glveogen confaining 0.020 alom per cent D were ob-
tamou

SUMMALY

mesa-Tnosi ol t-un(:xiv;?;.;; an
positios: has hee s propared
at elevaded tenmporature,

i

ceess of denterium in its carbon-hound
v platinam-catalyzed excha nze with D0
The adniiuistration of denteris inosital o q phlorhizinized rat resulted
in the wppesinec of Sonificnat concentrations of 1 in the urinary glucose.
It i conchdled that conversion of meso-inasitol info glucose takes place
in the Lody of the .
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DIETARY REQUIREMIENTS FOR FRERTILITY
AND LACTATION

XXXNL FURTIHER STUDIES ON THE ROLE OF P AMINOBENZOIC ACID
AND INORITCL IN LACTATION AND GROWTH OF THE ALBINO RAT:®

BARNETT SURE
Departwent of Agricaltural Chi mistey, University of Arkansas, Fayctterville

(Received for publication Tebruary 27, 1943)

In 1941 it was shown that as a source of the vitamin B com-
plex, adequate daily doses of pure crystalline thiamine, ribo-
flavin, pyridexing, choling chloride, ealeium pantothemate and
the ““W77 fuctor from Hver extrnets reanlted in complote fail-
ure in lactation of the albing rat. The missinyg factor, tenta-
tively designeted as “Bx?’, was fonnd in rice polishings, de-
fatted wheut embrro, dried grass, and brewers’ veast, but
most abundantly iniver and vice bran extracts (Sure, '41).
Following the sugge:tion of Anshacher (’41) that p-amino-
benzoic acid may be a component of the vitumin B complex,
experiments were carried out to determine if this aromatie
acid ix a constituent of or ideutical with the “Bx’’ factor.
Definite responies to p-aminobenzoie acid were obtained in
lactation (Snre, 41); these have. been now confirmed with
numerons addifional experiments, the results of which are
presented "n this coimmnnication.

The report of Woolley (°41) that inositol is an essentinl
factor for growtli of the mouse, as well as the elaim of Paveek
and Bawm 7( 1) that inesitol is a growth-promoting substance
for the rat, warrianted s frial in lactation. ITowever, the pre-

P Researell posper o 773 Journn] Series, Urdversity of Arkansas. Published with
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iy pecitve vonpoises in (he caso of only a few ditters of
NWHINE Vouns were ot confivned by muh move extensive
studies in which inosio! wis need throughout the growth, re-
production, and Inctadion periods. The resulls of this mvesti-
gation wre presented in tables 1 and 9.

TABLY 1

Compositing of Swre's solls no., 2.

NaCGl oo RN MuSO, (anbiydronsy .o, 8.0
PO, (anbydronsy -0 ¢ auCly oo 0.5
CalllPOL2ITe oo 100.0 CuBS0, (anbydreus) .......... 0.4
MgSO, (anhiydrous) ..., 99.0 ALSOG RSO, oo 0.4
CaCO, ... 600.0 NabF oo 0.5
Ferrie citrate (powderedy ...  55.0 Cobalt chloride ... ... ... .. 0.5
KI oo 1.6 Rodium tetra horate (anhydrous)
(Na,BOHY ..o 0.5

Before the uew series of lactation expoeviments were initi-
ated, a modification in the salt mixture was made, increasing

~the MnSO, from 7.0 to 8.0 gin., and addiug cobalt and boron

as trace elements, as a factor of safety, to Insure optimum
mineral requivements, althongh horon has not vet been shown
to be essential for the animal organism. The composition of
the new salt mixture, designated as Sure’s salts no, 2, is given
in table 1. To further insure adequate mineral intake, the new
salt mixture was fed at o 5 instead of a 4% level. Because of
the high moisture content and the lack of absolute purity, the
blood filvin rations were fed at a 259 plane of intake, which
was the equivalent of 209 profein, calculated from the total
nitrogen content. :

Tt was realized that the “Bx" factor may be a composite of
several wnknown components of the vitamin B complex,
Thercfore, in order to sceure a response to a single ehemieal
substance sueh as p-aminobenzoic acid, sall mounts of nat-
ural foods or extracts therefrom, were incorporated in some
of the rations, i.c., 29 dried graxs in ration 13, 297 dried liver
inration T4, and 177 Tiver concentrate in radion 120 Rations 19,
13 sond T aleo contadne J010 ancorhie acid., Numerous othor

EH6T *€92-6L21(€)92 uoTITAIMN *Inop
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]‘}( fil from rhic i s g AN e radions con-
B - acltatron Povivy Sisenrin el IEARERER! ' : G - ‘
X B Sone f P ! wmall om0 wieatinie acid. The exstie additions
! ; ST N B R N ftamed anad! aonn! oy A e ion
: TR S e § Bladning ciein wore made only during the repro-
R i3 T o ]‘:M!H}:F(‘()“'\‘(L]H»:\.\\u;‘l A \ drntos
5t Tuct nd lactotion perinds. Two sotrees of carboly drates
aonoe Hhett At aaetotres pespods. 7 )
2 1m e " Y A YoIoonon e Auetieon g IR P < and Lo (e Lttoy pre-
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= o paved in the laboratory by ¢ [
= — T 1T 1. e 1110
=g TRE R BE 2 obpos RS alt 15 1o 17 ponnd« presaure, . '
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The subedituion of SO0 heenee with o o
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rearing of younz S 100G 056700 Bviden !y he polizhed
rice furvished an unlmows factor or faclors of the vitamin B
complex exsential for lactation. The addition of 0.2¢7 inosi(cl
reduced lactation efficicney hy ahon! 5077 Tlowever, the addi-
tion of 0.29% p-aminobenzoic acid juercased lactation efficiency
to practieally complefe success. Also, addition of 0.9% p-amino-
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benzoie acid to a vation containing 0.270 inositol not only
counteracted the harnitul effects of the latter but showed al-
most all of H= cupplementary offoct,

Growtl coperiinesds with p-aminclienzaic acid and inositol
The influence of paminoh
h
]

enzoie acid on growth of weaned
albino rats, with initial weizlt

s of 24 to 46 amy, was studied by
the paired feeding method o niue pairs of fonales and twelve
pairs of yeales for 100 to 120 day<, This stwdy was earried
out on a pvificd syuthet! diet contadning 1879 vitanin-free
casenn The daily dosc of the aronudic acid was 2 mg. to the
positive coutrol animols The dails duscs per anhnal of the
rest of the compoints of the vitainiv B complex were as fol-
Jows: 20 e thivmine, 20 e vibaflavin, 20 pe. pyridoxinve, 6
mg. choline ehlovide, 0.5 mz uicotinic acid, 100 pg. ealeium
pantothenate, and Wng. inositol. The growth was exeellent
but there was no additions! growth produced hy the adminis-
tration of p-mminebenzoic acid. Similarly, inoxitol addition,
m {he presence of pninahienzoic acid produced no growth
responscs inoseven paies of fanales aud eleven pairvs of males
during « period of about £ nouths, but there was no injurious
effect ¢ growtl precipitated by inositol, as has been ohserved
in lactation. The daily doxe of Inositol to the positive con-
trols was 10ng. These vesults are in harmony with these of
Unna, Richards and Sanpson (°41), Fmerson (’41), and
Martin (*122). The veazon for p-uminobenzoic acid heing
essentiad for lactation and not for growth of the weaned
rat is not cloar of present;, unless there is a difference in the
efficicney of svnthesis of this substuree Letween very small
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nursing voung and weaned rats whore eapacity for synthesis
lias heoyn osfahliched ot {1t sae and weieht,

Tt s of interest to note Qrt Marvtin ("420), working with
growing animals and the anthor with lactating animals have
noticed dictary disturhances following inositol addition to the
vitamin B eomplex mixture, which hovever, were cownteracted
by administration of p-aminebenzoic acid. Marvtin offers the
hypothexsis that inositol sthmulates the growth of microorgan-
isms which utilized and destroy some meinber of the vitamin
B complex, known or unknown, thus precipitating a deficieney
of that fuctor. It is also possible, liowever, that excess inositol
may interfere with the <ynthesis of biotin, folic acid, or some

" other unknown mewher of the B comiplex. The response of

p-aminobenzoie acid conld then he interpreted as supplying a
factor essential for <vnthesis of sueh substances as bhiotin and
folic acid rather than for neutralization of a toxin (Martin,
42b). The syndrome produced by Martin followine addition of
A 1 . T ;
p-aminobenzoie acid to the Rockland strain black rat was not
confirmed by the anthor’s ohservations on the weaned or lac-
tating Wistar strain albino rat. -

SUMMARY

pP-Awminobenzoic acid has a nmrkedly favorable influence on
lactation of the albino rat. On the other hand, inositol has a
pronounced injurious influence on lactation, which is ecounter-
acted by p-aminohenzoic acid.
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b URING the past few years, the unsolved problems
s of nutritional deficiency states have been vigor-
oaxly and successfully attacked by the biochemists and
oiher investigators in related ficlds of science. New
+itaming have becn isolated, synthesized and adminis-
tored to animals under varying experimental con-
ditions. Although the preliminary reports of these
fudivs scem confusing and at times contradictory,
they are of great interest to the clinician. They
~Lallengre him to clarify and correlate this new knowl-

~hee and to evaluate its use in human deficiency states..

1t is the purpose of this report to describe such clinical
mvestipations.

The therapeutic value of riboflavin in cases of chei-
litis Jod us to study its effect in the treatment of de-
~ubitus with ulceration (7). Cases were accepted
irrespective of the severity of the associated con-
Jditions. No case showing any clinieal improvement on
ordinary ward care was included in this series. Six
rses are deseribed in detail of which three were con-
soolled rigidly. In these three cases no other vitamin
supplement was given and no local treatment of the
deer wag permitted. In the other three cases the
ovirinal disease required additional treatment which
ray be interpreted as having bad some influence upon
iLe decubitus. This additional treatment is described
in detail.

CASE REPORTS
Case 1. S. G., white male, aged 69, diagnosis—inoper-
Wl earcinoma of the sigmoid. Palliative transverse colos-

tomy was performed on 1.9-41 and shortly thereafter a
Jdecubital ulceration directly over the sacrum was noted.
"he uleer progressed steadily and on 1-22-41 measurcd
i1 v 5.2 cms. The base was pale and unhealthy but the
currounding tissues seemed normal. The usual oral dose
of § moms. of riboflavin was started at that time and con-
tinued daily thereafter. After four days of therapy the
uteor measured 5.7 X % cm. and from then on continued
Laprovement was seen, until on 2-19-41 (after 28 days of
‘iheflavin iherapy), the ulcer was completely healed.
Fhree days later the patient was transferred to auother
wspital with no evidence of the previous sacral ulcer.

Cose 2. A, J., white female, aged 66, diagnosis—arterio-
clevotic heart disease with decompensation, bundle branch
huck, Admitted 4-22-40. Decubital ulcers which became
progressively worse were observed on each buttock. On
5.2 10 an ulceration measuring 2.5 X 1, em. was noted on
{he left buttock, and on the right buttock a smaller weer
pmensuring 1.2 x 0.5 em. On this day the daily oral dose
+f 5 mems. of riboflavin was begun. In three days he-
cinning improvement was noted and by 5-8-40 (five days
l'ter) the left buttock ulcer measured only 1 em. in length
sud the right uleer was almost healed. Gradual healing

“Rewd before the American Grstro-Knterological Assuciation aut At-
lantie City on June 9. 1942

From the Medical Scrvive of the Hospital for Joint Discages.

The Inosital and the Caleinm  Pantothenate were supplied by the
Abbuott Laboratories.

continued until by 5-24-40, after three weeks of treatment,
both ulcers were entirely healed and the skin of the
huttocks appeared normal. This patient was observed
until discharge on 6-2-40 and no evidence of the previous
decubitus was noted.

Case 3. M. R., white male, aged 60, diagnosis—arterio-
sclerotic gangrene of left lower extremity. Enormous de-
cubital ulceration, shaped like an inverted triangle and in-
volving about one-third of lower back was seen, Skin and
subcutaneous tissue were missing over cntire uleerated
area which varied in depth from one to three ems. Chei-
litis at angles of the lips and outer canthi of bolh eyes
were noted. On 4-8-40, nine days after admission, 5 mgms.
of riboflavin daily were given orally. Patient was under
observation until death on 4-15-40. During thesc scven
days the purulent discharge from the ulcer ceased. Necro-
sis diminished and small arcas of granulation were ob-
served. At the time of death the ulcer was found to be
reduced more than one-third in area and the cheilitis of
the lips and canthi of the eyes had disappeared.

Case 4. J. C., white male, aged 44, diagnosis—thrombo-
phlebitis of inferior vena cava with marked brawny indu-
ration of entire body below the costal margins complicated
by suppuration in left thigh, probably secondary to the
deep thrombophlebitis. On 2.94-40 beginnng bed sore in
sacral region noted. On 3_5-40 incision and drainage of
abscess in left thigh. Progressive development of bed sore
which became larger and deeper. On 3-20-40 this round
ulcer over the sacrum measured 2.26 cms. in diameter; its
edge was beveled and its base appeared unhealthy. Five
mgms. of riboflavin by mouth.started and continued daily.
Ferrous sulfate and a whole B complex preparation were
alzo given. In three days the ulcer began to improve. On
9.95-10 it had decreased to 1.75 c¢ms., on 3-29-40 further
decvease to 1 em. was noted. On 4-2-40 (thirteen days
later) the ulcer was completely healed. At the time of
the patient’s discharge from the hospital (4-23-40) the
sncral area appeared healthy and had remained free of
ulceration.

Case 5. G. S., white female, aged 58, diagnosis—oblique
fracture of left femur. Admitted 4-12-40. On 4-30-10
pressure erosion was first noted in sacral region and over’
left lateral epicondylar region of the thigh. During the
next ten days these lesions became progressively worse,
At that time the sacral lesion measured 4 x 2 cms, and the
uleer over the left thigh 3 x 2 ¢mx. The surrounding skin
was healthy., The daily oral administration of 5 mgms. of
riboflavin was started on 5-10-10. From 5-10-40 to 5-13-40
one tablet of Brewers yeast was given three times a day
by errvor but was discontinued on the latter date. During
the period of riboflavin administration, estrone, which had
been given for some time, was continued. By $-17-10 the
sacral uleer was almost entirely healed and the thigh ulcer
was reduced to a size of 2.6 X 1.3 cms. Seven days later
(5-24-10) the ulcer of the thigh was completely healed.
Riboflavin was reduced to 2 mgms. daily. This patient
wis observed until discharge on 7.30-40 and the skin in
the affected areas remained healthy.
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Case 6. 8. C., white male, aged 15, diagnosis — con-
gostive heart disease with eirculatory collapse, pulmo-
nary edema tollowed by pneumonia, interlobar pulmonary
effusion and thoracentasis.
an area of gangrene was noted over the sacrum. On
12-11-40 the decubital uleer measured 5.1 x 3.2 ems. Its
central portion had o depth of 2 ems. and the base of the
ulcer at this portion was covered with foul-smelling ne-
crotic tissue. The oral administration of 5 mgms. of ribo-
flavin was begun on 12-11-40 and continued daily there-
after. Six days later this patient was placed on a high
vitamin, high calorie diet. In six days the foul center
slough had become elean and by 12-19-10  (vight days
later), the uleer hud decreased to 3 x 3.2 cms. in size. On
12-20-40 sulfathizzole 0.5 G. ti.d, was given for two weeks,
and on 1-11-41 & transfusion of 250 ce. was adso given. By
1-15-40 the ulcer measured 1.25 ems. in diameter and
tixsue Joss was only superficial. ITmprovement continued,
with complete healing of the lesion noted on 2-3-11 (seven
woeeks later), but sulfathiazole had been resumed on 2-2-41
in doses of 1 G. Q 4h. and was continued until 2-8-11. The
following day he received an additional transfusion of 500
¢e. This patient remained under observation until dis-
charge from the hospital on 3-6-11, at which time the
sucral area was healthy.

DISCUSSION

Six cases of decubital uleeration were treated by the
daily oral administration of 5 mgms. of ribotlavin.
Five of these cases showed complete healing of the
ulcers in from seven to thirty-four days of riboflavin
therapy. The sixth case died after seven days of treat-
ment with riboflavin and at death the decubital ulcer-
ation was reduced in size and showed evidence of
healing,

Since improvement in these six cases was noted
within a few days after the institution of riboflavin,
it would scem likely that the healing of these ulcers
wis due to the vitamin therapy. The continued and
progressive development of these lesions up to the day
on which ribotlavin was first given should be empha-
sized. It is unlikely that the improvement in the local
lesion could have been an expression of a generalized
systemic improvement. On the contrary, the general
condition of Case 2 grew progressively worse and
ended in death; Case 5 had an inoperable carcinomi of
the sigmoid.

11 is not to be inferred from these observations that
decubital ulceration iz a  clinical manifestation  of
aribotlavinosis, nor are these results to be interpreted
as evidenee that ribollavin is a specific in the treat-
ment of bed sores. It is interesting to recall that early
in our clinical experiments with riboflavin many ob-

servers believed that cheilitis was o clinical state
characteristic of ribeflavin deficiency. Subsequent
studies have been reported in which the adminis-

tration of pyridoxine in cases of cheilitis has been
followed by the disuppeavance of these lesions.
Furthermove, cases of cheilitis whieh have bheen re-
sistent o ribotlavin therapy have shown complete
healing when pyridoxine was given (b).

It is extremely likely that other members of the B
complex as well as ribotlavin may exert a favorable
effect upon decubital uleeration. Quite probably the
addition of the entire B complex to the ribofluvin ad-
ministered might have resulted in a more rvapid im-
provement in the local lesions of these six cases. Such
clinical possibilities are in keeping with our incruis-
ing knowledge ol vitamin therapy.

Bed sores are penerally slow-healing, indolent
lesions and their rapid response to ribotlavin thevapy

Admitted 11-21-40. On 12-6-40 .
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"gives rise to speculation as to the mechanigm involved.

Ribollavin is an essential factor in nutrition and is of
great importance to the oxidation enzymes of the
body.
xanthine oxidase and thus establishes a closer link
between vitamins and tissue enzymes (1).

The lesions of the skin and subcutaneous tissue in

cheilitis have a parallel in miniature to the tissue
changes seen at times in decubital uleeration, and the
clinical response in both of these lesions to the ad-
ministration of riboflavin serves to emphasize this
parallelism. Further speculation seems to relate the
various members of the B complex to tissues of
original ectodermal origin; thiamin to nerve tissue,
nicotinie acid to skin and mucous membrane, riboflavin
and probably pyridoxine to skin and subcutaneous
tissue. Now that inoxitol and pantothenic acid are
available it seems logical to conjecture whether these
two newer members of the B complex are not also
possessed of an influence on epitheliunt or similar
tixsues.

Although inositol was first isolated in 1850 (19}, it
was not believed to have an essential role in nutrition
until Woolley in 1940 identified it as the mouse anti-
alopecia factor (13). The alopecia produced in mice
by a deficient diet was not influenced by biotin or
p-aminobenzoic acid. This diet contained adequate
pantothenic acid, in addition to other members of the
I complex. However, when inositol or some of its de-
rivatives were added to the diet the alopecia disap-
peared (12),

Pure inositol was made available to us for study and
it scemed logical to explore its possible value in dis-
eases ot the skin and hair. On the basis of present
concepts the daily adult requirement of the humun
being is about one gram. Several volunteers were
asked to take this amount daily and no untowurd
cifects were observed.

In a recent communication, studies on animals sug-
gested that inositol appears to stimulate intestinal
peristalsis (6). This question has been followed clini-
cully in twenty patients taking from one to two grams
of inositol daily. In not one of these cases was any
change in the normal bowel habits noted, even-though
many of them had mild to moderate constipation.

Gavin and McHenry found a similarity between the
action of inositol and lipoeaic in preventing the
“bhiotin® type of fatty liver (3). With this in mind
inositol was administered to a 58 year-old female dia-
betie with a blood cholesterol of 398 mgms. This
patient also had a bilateral symmetrical thickened
eruption of the lower extremities and back. Afler the
patient had received 2 grams of inositol daily for three
weeks the eruption had cleared. The cholesterol was
315 mgms. several days after discontinuing the inosi-
tol. Further studies are in progress and will be re-
ported.

Cases of alopecia have been selected for study and
daily dogses of from one to two grams of inositol have
been administered to these patients for several weeks
and in some instances for over two months. Definite
conclusions are not possible at this time, but on the
basis of our early observations there are not sufficient
changes to indicate that inositol is the human anti-
alopecia fuctor.

With the aid of our associates in the field of derma-
tologry a svstematic survey is at present being made of

It is believed to be a basic constituent of the .
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the possible value of inositol in a variety of skin dis-
eazes hitherto resistant to treatment. These detailed
studies will be reported later, but our preliminary
observations scem to indicate that inositol may have
a value in some skin discases. Two examples of such
a response are described in detail.

An 84 vear-old female suffering from an extensive
reneralized  pruritic eruplion with thickening and
desquamation was treated by a dermatologist for four
mionths, The eruption failed to respond to a variety
of local medication, X-ray and Vitamin A orally. She
volunteered for inositol therapy. After all other treat-
nient had been stopped for three weeks and no change
in the eruption had occurred, she was given 0.5 gram
tablely of inositol orally, twice a dayv. In ten davs
there was a lessening of the pruritus, in two weeks a
modification of the eruption, and at the end of five
weeks the eruption had almost entirely disappeared.

A 51 year-old male diabetic had a pruritic thick
sealy symmetrical eruption involving both ankles and
the inner aspect of both feet, Smears and cultures for
tungi were negative, and treatment for two vears by
viarions dermatologists had not moedified the eruption.
He volunteered for inositol and was placed on one
pram daily by mouth. Within two wecks there was a
reduciion in the amount of the eruption and at the
end of nine weeks the eruption had almost entirely
disappeared.  Medication was then discontinued in
order to evaluate clearly the effect of the inositol upon
the eruption. Within two wecks the eruption again
was manifest and at the end of two months had de-
veloped to its original extent and severity. Inositol
has been resmined recently with its original beneficial
effeet.

Since the chemical identification of pantothenic acid
and its synthesis two years ago (9, 11, 10), it has
been confirmed over and over again that pantothenic
acid is one of the factors primarily responsible for the
prevention of nutritional achromotrichia in animals
18,2, 4).

llecent studies in animal experimentation indicate
that inositol and caleium pantothenate exert a definite
inflience on tissues of ectodermal origin. Woolley has
emjhusized the relationship between inositol and pan-
fotheric acid, gince the quantity of pantothenic acid
fed influenced his animal eases of alopecia (14, 15).
In vome instances, with inclusion of large amounts of
calcium  pantothenate in the diet, no alopecin de-
veleped, even though there was a marked absence of
inositol in the rations fed. The explanation for this
tends to emphasize more emphatically the inter-re-
Itionship of vitaming of the B complex. It has
recently been reported that mice are able to synthesize
tnositol, if sufficiently high levels of pantothenie acid
are fed, by means of intestinal micro-organisms (17).
These reports are so very recent that they are
mentioned here only to show the trend in animal ex-
perimentation. Thus far, no human clinical research
in this direction has been reported, Woolley has shown
that mace fed on a low pantothenic acid diet developed
signs of Inositol deficiency. When these animals are
given further supplements of inositol by mouth their
signs of inositol deficiency continue unabated. Woolley
raiscs the question as to whether there is interfercence
af innsitol absorption or destruction of the ingested
inositol.  In this connection Martin has varied these
experimenls in an attempt to answer this question,
When his mice on a low pantothenic acid dict de-

. veloped signs of inositol deficiency he injected inositol

intramuscularly and observed the disappearance of the
signs of inositol deprivation (18).

Calcium pantothenate was made available for study.
One hundred mgms. of pantothenic acid were given
twice a week by intramuscular injections to three
volunteers for six weeks. No effect upon the gray hair
present was noted. In one case of alopecia totalis (a
54 vear-old white male) one gram of inositol was
given daily by mouth and 100 mgms. of caleium panto-
thenate were injected intramuscularly twice a week
for six weeks. At the end of this test period no change
wias noted and the experiment was discontinued.

A 45 year-old white male with alopecia areala for
three years volunteered for treatment. Before treat-
ment white hair had regrown in some of the areas of
alopecia. 655 mgms. of calcium pantothenuate were
given by intramuscular injection during ten wecks in
varying amounts, and at the end of this time there
was an unmistakable new growth of black hair in a
central white streak. In the next two months 950
mgms. more of calcium pantothenate were given. At
the end of that time no new growth was noted, al-
though the previous old black hair was about one inch
long. The treatment was stopped for two months and
at the end of that time there was no change in the
hair. In the next two months 42 grams of inositol
were given in divided doses by mouth, and no change
wax noted. Then caleium pantothenate was again
given by injection in doses of 500 mgms. intramuscu-
larly twice a week. Twelve injections (a total of
6000 mgims.) were giverr and a slight new growth of
black hair was observed. During all this time no pig-
mentation was noted in the arcas of white hair present
in this patient. Further studies are in progress and
will be reported.

DISCUSSION

Although inositol has been known for many vears
and used extensively in animal experiments by Woolley
in the past two years, no reports of its use in humans
have appeared. Since we have reason to believe that
this is the first time pure inositol has been given to
human subjects, obscrvations were made on doses of
inositol that approached physiologic amounts, From
analvses of the human diet it is assumed that the daily
requirement of inositol is about one gram. All our
observations were made in cases receiving one or fwo
erams daily and the inositol was given in the form of
0.5 G. {ablets in divided doses, irrespective of meals.

Our preliminary observations indieate that in these
doses there is no apparent harmful effect of inositol
in healthy subjects, Furthermore, the bowel habits of
our paticnts were not modified by this amount of
inositol and therefore in these doses there is no
clinical confirmation of the previous report thatl inosi-
tol stimulates intestinal peristalsis,

The results of animal experiments with inositol
present two outstanding facts—firstly, that the signs
of inositol deficiency in animals scem to be mainly
chinges in the skin and hair: and, szecondly, that
inositol is used by animals to make more complex
tizgue substances, One such substance has been identi-
fied as phosphatide, found in the brain and nerve
tissue; it appears {o be a combination in sonme complex
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form of inositol and phosphates (16). This combi-
nation is lipid soluble in contradistinetion to the water
suluble compound in muscle which is made up of
inositol and other as yet unidentified substances (18).

After we were convineed that inositol has no
harmiful effect in our doses we administered this vita-
min to a number of patients with alopecia both total
and regional, and to a number of patients with chronic
bilateral skin ernptions of unknown etiology hitherto
resistant to all forms of therapy. In the cases of
alopecia we did not observe any regrowth of hair. In
the ciases with various skin diseases we have noted
both negative and positive results. Several examples
of rupid improvement in chronic eruptions following
the administration of inositol are detailed. Our ex-
perience is still too recent to permit definite state-
ments that inositol is or is not of benefit to any par-
ticular skin disease. However, it offers a new approach
to the problems of dermatology and it is hoped that
continued and extensive clinical trials will be made
by the workers in this tield.

There has been much comment as to the value of
calcium pantotlienate as an anti-gray hair factor. In
our hunds this has not been the case. Even though
we used huge doses, from 100 to 500 mgms. per in-
Jection, we have only rarely noted any response in the
hair. When response was apparent it occurred as a
new growth of pigmented hair but no change in the
existing gray hair was seen.

CONCLUSIONS

Riboflavin appears to be of value in the treatment
of decubital ulceration. Following. its administration
the bLed sores show rapid healing. The combined use
of riboflavin and the entire B complex may be of even
greater value in decubitus.

Inosital in doses of from one to two grams by mouth
has no apparent harmful effeet. In alopecia no bene-
ficial results were noted. Rapid response in a variety
of skin diseases following inositol administration were
observed. It is hoped that the dermatologists will
study this vitamin and elarify its field of usefulness.

Calcium pantothenate seems to have little value as
a human anti-gray hair factor.
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DISCUSSION

DR. HARRY SHAY (Philadelphia): Mr. President,
Ludies and Gentlemen: I think this contribution of Dr.
Vorhaus uxtxemely important. We are beginning to recog-
nize the 1mpor ance of some of the newer members of the
B group, in animal and in human metabolism: We have
had some experience with inositol in the human being, not
in relation to skin changes, but were tempted to tvy inositol
for its effect on fat metabolism based on the work of Me-
Henry and his group at Toronto.

McHenry was able to produce cholesterol fatty changes
in the liver in Vitamin B deficient animals given Biotin.
He was able to prevent and cure these fatty livers with
lipocaic and subsequently was able to do the sawe thing
with inositol.

On the basis of these obbervations, we were prompted
to study the effect of inositol in the diabetic, particularly
in the diabetic with enlarged liver. Not knowing the re-
quired dose for the human being, we calculated our dosage
on the basis of McHumy’ results. He was able to pro-
duce beneficial results in his rats with a 5-milligram dose,
and, considering the average rat as a half pound, we de-
cided upon the use of L2 grams a day for the avernge
paticnt.

We administered 1.2 grams per day to humans for a
considerable period, without any ill effects, but, unfortu-
nately, without being able to produce changes in the blood
cholesterol levels or in the size of the liver.
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Absorption of Tnositol
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The uh:\urphun of inositel monophosphate was also studied. From

150 to 200 mg. of Hw incnosphosphute isolated from seybean lipositol
(2:) was administored tooeach of eight 200 g rats. The rate of absorp-
o apype o o ho maore rapid than for ine-ital, especially during the
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apperared that the phospharie ester wiis rapidly hydrolyzed in the
intestine. The initia) rapid disappearance of inositol might indicate an
extremely rapid absorption of the inostol monophosphate per se with
subsequent sdow absorpfion of the free inositol which was presumabhly
liberated by futestine? phosphitases,
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removed from the living sninish, By emploving this teehmique i seened possible that

any shght inercinent ncdiver ghy eogen reslting from inosttol would be deteetable.

White rats weve fusted for 24 hours and then given aqueons solutions
of cither inositol or glucose by stomach tube. The dosuges were again
proportional to W5 and for a 175 g rat amounted to 2H mg. of the
compound fed a2t the lower level and 590 mg. at the higher level.
Control rats were given cqual volumes of distilled water. At various
time intervals the ruts were anesthetized by intraperitoneal injections
of sy tal. The livers were removed rapidly and immediately frozen in
a bath of dry ice and acetone. They were then erushed and digested in
hot 309 potassivin hydroxide. The glveogen was separated and
hydrolyzed by the methipd of Good et al. (31). Reducing sugar values
were determined by the copperdodometric method of Shaffer and
Somogyi (32). The results are swnmarized in Table T.

TABLI T

Liver Glycogen in fuesifol-Fod Rets

Per ernt liver ,
Ne. of rat Material fe e ORI
of livers)
[ Water — 4-6 14,05
10 Water > — 8-16 08+.01
i Water — 19-28 06+.03
3 Glucose . 5.7 2-6 51,10
3 Ghicose 5.7 12-16 1305
1 Glucose 13.8 4 1.25
2 Glueose 13.8 §8-12 .604.20
2 Ghicose 13.8 16- 24 09+.03
4 Inositol 5.7 4-8 09:£.03
5 Tnositol 5.7 12-16 A14.04
5 tnositol 5.7 19- 28 00-4£.02
2 Tue 1ol 13.8 1-6 07401
2 Ino-ifol 13.8 8-16 L08-4:.02
: Tnosito! 13.8 20-24 .07+.01
2 Inositolanonophosphate 5.7 2-4 064-.03
1 Tnosttol-ionophosplinte 5.7 6 .16
1 Inositolananophe-plindn 5.7 8 .08
1 ]m)&il(A]—hn»ml])ht!«plm‘.c 5.7 21 .13
1 Inosose 5.7 21 07

YA snimads e aldeeted o a prddinainary Geting period of 21 Lo,
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Incrensed glyeogor was found in the Tivers of the animals given glu-
cose but no such increase over the control was <hown by the animuls
given inositol at two levels of dosage. Tn the few animols given inositol
monephosphate the fiver glveogen dppearsto be sustained at a slightly
higher level durine the 8 21 hour reriod than in the ease of the con-
b but the difference = very % it

Anti-Ketogenie Activity of Tnositol

Since Stetten and Stetten (23) had found only a relatively minor
conversion of adiministered inositol to glucose in their experiment and
our absorption dute indicated comparatively slow absorption of
inositol it was concluded that a hetter measure (than glycogencsis) of
the possihle wilizution of inositol as a carhohvdrate would be its
cffcet on ketosis. o '

A series of white rats (average weight about 180 g.) was fed the
high fat-low protein diet of Tidwell und Treadswoll (33) for 18 days.
They were than fasted 48 houis and divided into four groups which
received the following troutments vespectively: T, 625 mg. of glucose
by stomaeh tube; 11, 625 mg. of inositol by the same route; 111, 625
mg. of inositol injected intraperitoneally; IV, distilled water by
stomuach tube. The rats were kept in metabolism cuges, given water
ad Libitwan and {he urines were collected during the following 24 hours.
Total ketone bodies present in the wrines were determined by the
method of Tidwell aud Treadwell (33).

The results are summarized in Table TI. A marked antiketogenic
effect was observed in the group which received glucose. Inositol given
orally or intraperitoneally definitely alleviated the ketosis. The rats
receiving ghicose exereted less ketone bodies to the extent of 65 mg.
Jess ucetone than the controls, while those given inosital (Lots 1T and
ITT) exereted an amount equivalent to 23 mg. less acetone. On this
basis, inositol appeared to he approximutely one-third as effective as
glicose in alleviating ketosis in white rats. :

As a cheek on the possibility that the differences in levels of the
ketone hodies found in the urines might have been due to gluconco-
genesis from body proteing, the individual urines were analyzed for
total nitrogen by o semimicro Kjellah]l method as deseribed by
Unibreit and Bond (30, The data on urinary nitrogen, also given in
Table TH show thed the adnbidatyation of cither glueoe or inositol
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Most of the rescarch on vitamins and nutrition is
directed ulumately to the solution of problems of human
natrition.  In a war situation such as ours it is par-
teularly desirable that we he able to apply \vlml(‘vu'
we mav know or learn o practical ends.

A fully adequate idea of the requirements of hmmn
beings for the various vitamins could presumably e
obtained only as a result of a series of extended con-
trolled studies using human subjects. Even i it were
feasible to plan and carry out experiments of this
type just as animal experiments are pliumed and carried
owt, mdividual diffevences, assuming that small numbers
of subjects were used, would doubtless make the results
very nhrvegular,

Recently we have developed assav methods for a
mumber of the B ovitinins,” and heeause of an increased
accumulation of wmformation from various sources it
becomes possible Lo state more definitely the vitamin
contents of various foods and tissues. Tt appears now
that this mformation makes it possible to obtain very
simply a considerable amount of desived information
regardig probable hunun requirements. '

A study of the vitamin contents of (1) a well rounded
mixed diet which might be recommended for human
beings and (2) o widely used commercial animal foorl
which promotes excellent performance i onmivorous
anunals shows that these more or less wdeal diets,
when compared on an isocaloric basis, contain a rela-
tively constant amount of the various B vitamins,  This
comparison is made more striking when the carcass of
amaninal (ra) is alko compared. Again, on the same
calory Tasis, the content of 13 vitamins agrees approxi-
mately and never s there disagreement by more than
a factor of two. Where there is good  agreement
between these three independent materials there is a
strong presumption that the awmounts associated with
2,500 represent the approxinate human
luglmunun, asstiing of course that the substance
(uestion i3 actually o vitamin for b heings and
Ginnot be synthesized i the hody.

The indicated well romnded simplified dict, made up
of natural flm(]\ wis lmnmLxlul on l])c ll.ms nf mn(](]n

calories

I lieve reccived valvable assistanee from my eolliagues, The \\llh.m'
Yran Fond ol Researeh Corporations made o \|><(ll| prant aud the
A3ton Foondation of Houwsron, Texas, furpishod the support which bas
nl« CNTSUBE propiing |u(~'? le.

s Studies on the Vit Contant of Tiseness 1,
|an atien 4Y37, 1vd),

\\

Coivernity of Fesas

nutritional knowledge hat \\1th<mt regard to 1ts content
of B vitamins. lrt‘hllllhl])l_\ any one of a number of
other mixed diets would yield results similar in this
regard. Tt is doubtful if any dict could be selecied
which a priori would be known to be superior to the
one chosen. It contains “protective foods™ hut not in
obvious ¢xcess and s sufficiently diversified so that
every nutrient should be amply provided. Inough nilk
and orange juice were included to insure good supplies
of caleium and ascorbic . acid 1('\1M11\L1\ hut nl}m
considerations  regarding  specific needs  were  disre-
garded.  The diet as indicated was completely setiled
on belore any calculations regarding its content of
I3 vitamins were made.

No claim can he made that the assayv values are with-
out crror or that the total values derived from their
consideration are in any sense final.  Individual san-
ples of foodstufls vary in their content of B vitwuin,
but since the dict is made up of a number of constitutents
and often a number of samples were averaged, these
variations doubtless tend to cancel out. There is no
reason to think that the values obtained for any of the
vitamins are consistently high. 1 enzymatic extraction
is incomplete in any case, 1110 values, of course, would
tend to be low.

The animal food chosen (two samples obtained at
different times of year) was a widely used conmiercial
article suitable for rats, mice, dogs, cats and monkevs
and which yields mast excellent results, at least with
the commoner laboratory animals.  Jt is a mixed mat,
milk and cereal diet containing various special additions
mcluding yeast and vitamin concentrates.  Because the
dict is lhc Tesult of a large amount of rescarch and vicelds
excellent results, its general adequacy cannot be ques-
tioned.  There are cconomic reasons why it would not
be expected to contain the vitwmins in excess.  Con-
centrates and special additions are expensive and wounld
naturally he used only on the bisis of proved value,

An inspeetion of table 2 indicates that the {ollowing
probably  represent perfeetly “safe” levels for daily
mtake of B vitamins by human beings, even under con-
ditions of pregnaney and lactation: thiamine 3.2 wg.,
nicotinic acid 40 mg. riboflavin 3.7 me., pantothenic
acid 11 mg., hiotin O mig., imositol 1,000 mg., Py T
doxine 1.5 m;. and Tohe aeid 1O mg, unit. 1t i~ nit
certain, af course, that adl the B vitionins in the last fom
substances are actually vequined by Luman beings,
Regardless of this fact, the vitamins actually oceur 1
foods to about the extent indicated,

The National Rescareh Counedl Committee on Foods
and Nutritton has recently given carcelul study 1o the
vitamin requitements of human heings. On the basis
of availible information the thimmine requirement, on
a 2,500 calory hasis, has been estimided w13 mg,
daily.  buring pregmancy and Jactation (his is raised
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(figured on the same calory basis) to 1.8 mg. and
1.9 mg. respectively. The lowest figure is about the
content of cow’s milk and 1s higher than the content
of human milk and therefore wmay be high enough.
However, on the basis of the hHgures giveu in table 2,
one might conclude that the values given are too low
for absolute safety.  Considering the whole rat carcass
as i “complete” Tood, its thiamine content appears low
in comparison uutil the low carbohydrate content s
considered.

The National Rescarch Council Committee has esti-
mated the nicotinic acid requirement of man as 15 to
20 myg. a day (2,500 calories).  Flvehjem has placed
it at 25 mg. a day. The two diets furnish an adequate
supph even on the latter basis. The higher content
of the rat carcass may be correlated with the rat’s
ability to synthesize nicotinie acid,

The Iuman riboflavin requirement has heen estimated
at 2.2 to 2.3 myg. daily (‘,,.OO calories).  According
to the figures given in table 2, one would conclude that

TasLe L.—[7tamin B Content of Ioods
A & . W,
I , 8 B, % A &
g8 B gy ¢ £3 A o g2
<E = a2 c™ g =2 “r
35 s S, ¥ £ B 5 = o~
re F& £ E4 ST OE O§F Ed %
Constituent A3 HE ZA EFR A A ST 0 A
Whole milk....... 20 08 04 14 22 006 100 020 0.100
Whole wheat.. o 1.0 115 0.3 3 24 001 350 044 0366
Lean meats
Beef.. .......... 9 0.07 10.0 0.4 1.0 0.01 21 021 004
Pork...... 9 1.5 7.0 0.2 0.7 001 8 011 0.5
Liver........... 2 007 5.0 1.0 24 013 25 002 0.057
Potatoes......... 10 0.2 3.6 ... 1.0 0602 87 0.6 0590
Bulter. . 3 * » * * ’ * * *
Fgegs.....ooi i 0.2 * 0.04 0.2 0.002 1 * *
Fresh peas..... .. 4 0.15 20 0.14 0.7 0014 162 003 0.1
Fresh carrots. ... 1 0.1 0.6 015 0.6 0012 225 015 0285
Orange jusee. ... 2 * * * * * * * *
Taotal........... 100 5.6 401 367 112 023 087 LTT 148

* P'he amount of these foods is small enough so that they contribute
s negligible wmount of the BB vitamin in question to the diet.

for perfect safety this figure should he inercased by
about G0 per cent.

No one has, so far as 1T know, ventured an estimate
of the human requirement of pantothenic acid, but it
appears safe now to conclude that it cannot be far from
1C mg. a day. The v didity of this estimate is increased
by the fact that cow’s milk yielded 10.5 lng. per 2,500
calories, and human milk 10.9 mg. per 2,500 calories,

The p)n(lo\mc requirement, f()]]uvnn" the same line
of 1(‘a\(mmg, appears to be about 1.5 my. a day, that
of “folic acid” (asswming it to be 1((11111((]) about 1 mg.
unit a dayv, and that of biotin about 0.15 mg. a day,

Inositol is pn donmimantly from vegetable sources, as
shown i table 1, and the amount associated with 2,500

calories of fnn(l varies tremendously, depending on the
souree. L\ good mixed diet yields T Gy acday or mowe,

Assays of various orgamsins from different portions
of the biologic ng(lum {mammals, mscets, bacteria,
yeasts, higher plants) indicate that all cight of the
B ovitumins  considered  are always  present. There
appears, partiendarly in the case of thiamine, nicotinic
acid, riboflavin ind pantathenic acid, a definite tendeney
toward parallelism in the content of whole organismes.
Yeasts, for example, are five to fen times as rich as
the mixed diet i cach of these four vitamins,  Insects
(cockroaches and termites), on the other hand, are in
every case two to four times as rvich i these vitanuans

Jour., A, M.
May 2,
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as the mixed diet.  The other B vitamins tend to be
mure evenly distributed in the Tower and higher forms
of life. 1t thus appears that the tentative human require-
ments mentioned are parallel to but muceh lower than
the amounts (figured on an isocaloric hasis)  which
inseet cating birds or yeast cating inscets obtain.

Tanee 2-~I7itamin B Content of 1Tarious Materials
(2,500 Calorics)

b
|
'
f

Mg.
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. . & g 64 @ =

g L8 i~ E,_ A —_ E T

E 87 2 ¥ ¢ : & i

. B8< . £ b T OE ., g~
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Mixed diet........ 3.6 40.1 3.67 11.2 .25 7 1.7 1
Dog food......... 28  40- 37 10- 0114 L170- 186 04
4420 62 105 014 200 113 09

Rat carcass...... 1.86  GR.0 $.03 119 0.124 217 0,93 156
It is obvious that for various reasons (economic
inability, use of decorticated grains, losses in cooking
and cooking water, use of refined sugar and other

“refined” foods) most people do not get as much of
the various B vitamins as they probably should have.
What can be done to supplement this lack?  One
of the means which has hecn indorsed by some mem-
bers of the medical profession is the prescription of
vitamin B complex preparations, which are usually
derived from yeast or liver and often fortified with those
synthetic vitamins which are available.
Unfortunately, while yeast and liver are rich sources
of I3 vitamins,” both known and unknown, they do not
necessarily  yield extracts which are extraordinarily
rich.  The B vitamins occur in bound form and arc
freed only by some type of digestion (autolysis or othet-
wise).  When digestion is used to free the vitaming,
much other soluble material 1s formed which contami-
nates the extract. One commercial brewers’ veast
extract (from autolyzed yeast) was assayed for the
cight I3 vitamins considered and found to be a gooil
source of each. A caleulation showed however that,
in order to get enough of the B vitamins to equal the
mtake on a good dict, one would have to consume

Tasre 3.—Counstituents of Averaye Daily Adult Dose of
“Vitamin B Complex™ as Sold by Siv Repre-
sentative Drug Houses

Nivo- Panto-
T'hiu- Ribo- tinie {henic Pyri.
mine, flavin, Avcid, Acid, doxine,
My, M. Mg, M. Mg,
................. 2.0 0.4 5.0 0.0 :
................ 1.0 1.0 0.15 .25
................ e H 20 20,0 1.4
e e, [ [ ..
1 2 "n 07 $3.0
oo e 3.0 1.0 10.0 [IXN
Amounts  contained  in
well rounded diet (2,500
ealories)y. oo 3.0 8.7 40.0 1.0 1.4

10 per cent of one’s ealories in the form of this veusd
extract (7 10 8 teaspoons of dey poavder). Taa prepa
ration snch as this the physician could hardly expecet to
find a therapeutic agent of pronounced value.  Fxtracts
or preparations whicli are worthy  of - consideration
should be planly labeled as to their content af (he
arious BBovitamins and enough shonld be
FFor correction of o deficiene

present o
allow significant dosage.
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o U he desiralle tr some cases to "nc several fimes
the ordinae daily intake,

A svey ol i number of representative vitaniin 13
cerdes preparations with regard 1o their content of

B it 1n ST wized in table 3. 10 i s apparent that
o preparitions are ingeneral wholly inadequate as
conve . of Ilu vitinim 3 complex, Several of them

o ho ol valve Becanse of their fmllllmlmn with thia-
gt nicatinie acid or viboflavin, Dot they farl to contuin
avthing bl “halineed™ amounts of the various B
N RIS ’

My purpose i this article is to point out that {he
,_,-ﬂ.\'im:m human requirements for various of the
B itamins can now he estimated with some reliahility.

Jon American diets are doubtless low in these essen-
tia! subiionces. Attempts 1o correct these deficiencies
perist be made inelligentty and with full knowledge of
wiat the vegeivements ave and the contents of the. pro-

soch rernedial agente The present cconamic waste
imvelverd il the production and sale of preparations of
queslml Lic lllm miust be large,



