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SUCCINIC ACID

5 umma ry

The human body is regularly exposed to succinic acid as a con=~
stituent of fresh meat and certaln wvegetables and contalns sueclhnic
acld, Tn the mitechondria, functioning as an Intermadiary metabollte
in the citric acid cycle, Although its role in the citric acld cycle
has besan studlad extensivaly, litTla infermation on other aspects of
its biochemistry or foxleoclogy are avallable.

Several authors have reported that succinic acid is utilized by
the intact organlsm (435, 360, 224, 225, 18}, bowever, the pathway of
utilizatTon has not been elucldated. Al+hough suchnTc actd has long
been established as an intermadlary metabollte Tn the cltric actd cycle,
no studles have been reportad which indicate that it is incorporated
inte the cycle as such.

The Injectlon of succinate has been reported by Brahmachari
and Sarma {47} to produce & hypoglycemlc response In rabblts and by
Gessa et al, {134) to result In a depressant effect on the central
hervous system and a signiflicant increase in braln dopamine Tn mala
rats.

The absorption by man of iron from orally administered ferrous
sulphate was found by Brlse and Hallberg (51} to be increased by
the addition of succinic acld +o the iron dose, while Boddy and Will
(40} reported that the effect of oral or intravencus succinlic acid
on the absorption of iron, from ferrous succinate, by non-anemic,
symptomless, adul+t subjects was not sufficiently large compared with
Indlvldual blological variation fo be statistically significant.
Brahmachari and Sarma (47) reported that in vitro mixing of sodium
succinate and Insullin pricr fo Tnjectlion Into rabbits decreases the
effect of the Insulin, although stmultansous but separate injection
of the two compounds has |I+tle or ne effect on the Tnsulin activity,
Chick embryoe tests by Landausr and Sophar (207} Tndicate that succinate
dacreases the teratogenictiiy of 3-acetylipyridine, &-aminonlcotinamide
and sulfanitamide and potentiates the teratogenicity of tnsulin.

The available Informatlen on the acute toxicity of succinle acid
is very |imited in amount and 1s of guestionable value. The remalning
toxicological [nformation conststs of one article by Dye et al. (100
which includes reports of three studies. in a short-term study 15
rats were injectsed s.c. at 7 days of age with a dosage of 0.5 mg of
succinic acid (in sesame of ) and dally thersafter with increasing
doses untl! they were receiving 2.0 mg/day at four weeks of age (100).
This level of dosage was continued unti| the rats reached 60 days of
age {100). As controls, 20 rats recelved similar doses of sesame
af b only (100}, Mo significant differences between +vhe treated and
wontrol rats in growth, time of halr apps#arance, tooth erugtion, eve



apening or vaginal opening were cbserved, sxcept possibly in the
opening of the vagina {(57.2 days vs. 49.4 days for the controls)
(100) . In anether study, daily vaginal smears were made on 15 two-
month-cld female rats for a pericd of 2 weeks, after which 5 of the
rate ware ovarlectomized (1003, After z pos+-opera+iva perlod of 7
days the 5 spayed rats were injected s.c. with 5. 0 mg succinic aclid
{(Tn sesame ol |} dally for 3 weeks (100}, Dally vaginal smears and
micrascopic examlnation of sectlons of uterine horn, cervix and vagina
trom animals sacriflced at the end of the injection period revealad

no significant changes (100). in a chick embryo test, Dye et ab. (100)
injected 0.05 ml of a solution made by dlssclving 1.0 mg of succinlc
acid In 1.0 ml of phosphate buffer solution {(pH 7.4} inte the alr sac
of 40 fertile sgys on The tenth day of incubation, Altthough the
tregted chicks exhlblted slightly |lower body weight than the controls,
no abnormal Tties of development were noted at hatching and of those
chicks which ware saved, all developed +o maturlty without incldent
(1007,
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SUCCINIC ACID

Chemlcal Informat!on

Nomenclature

A, Common Namess

1. Succlinlc Acid

2. Amber Acid

3. Ethylenesuceinlic Acid

B. Chemical HNames

1. 1,4-Butanedlolc Acid

C, Trade Names

Hone

D. Chemical Abstracts Registry Number

000110-15-6

Emptrical Formula

C4H60¢

Structural Formols

HOOCCH,,CH

5 Eﬂﬂﬂﬂx

Molecular Weight

118.04

Speclfications
Food Chemical Codex

Assay

MeltTng range

Limits of impuritles
Arsenlc {as As)
Heavy metals (as Fb}
Residue on ignltion

HNot less ‘than $9.0% of C4H6C}4

Between 185 Jegrees and 190 degrees

Mot mars than 2 ppm
Not more than 10 ppm
Not more than 0.025%



Description

A. Gereral Character!tstics

Sucelnlc acid exIsts tTn the form of coim%ﬁé55 or white, odorless,

8. Physical Propertles

minute monociTnlc prisms having a very acld taste.

The following values have been established for the physical

properties of succinlc geid:

Malting Point
Beiling Point

pH of 0.1 M ag soln
Speclflic gravity, 4

Bulk Density
lenization Constants

N

2

Heat ©f Combustion, delta-E

15
4

185-187 degrees

23% degrees with partial
conversion inte the anhydride

2.7

1.564

35 165/cu. ft,

6.5 x 102
2.3 x 10

=357.1 keal/mole

Std. free energy of anton formation
(delta-F degrees ), 25 degrees C -164.97 kcal far ag soln

Buffering Index 2.00

Solubt ity One gram dissolves Tn 13 ml
cold water, 1 ml boillng water,
18.5 ml alechsl, 6.3 M methanal,
6 ml acetons, 20 ml glycercl,
113 ml ether; practically tnsol
in benzena, carbon disulfldae,
carbon tetrachlorids, and
petroleum ather,

C. Stabl ity

Store in well-closed confainars.

Vi1, Analytical Metheds
The offlcial methoed for the determination of succinic acld in
eggs and egg products invelves extractlion wlth ether, separation by
celumn chromatagraphy and, finally, t1+ration with Ba(ﬂH)z {cee
ADAC 16.037 (14),
Wilt. Ococurrence

A, Plants

Succinic acld 1s found In broceoll, rhubart, bests, sauerxraut,
fungi and |lchens,



B. Animals
Fresh meat extracts contaln succinle acid.
C. Synthetics

Juccinic acld s manufactured by the catalytlc hydrogenatien of
mafelc or fumaric acid. |t has zlso been produced commercially by
aquecus alkalf ar acid hydrelys!s of sucelnontirile. Succinonitrile
s derived from ethylene bromlde and potassium cyanide.

0. MNatural inorganic Sources

Succinic acld cecurs In fossils,



SUCCINIC ACID

Bioiggical Data

Acute Toxicity

Dasage mg/ky
Substance Animal Sax & MNo. Route  Body Weight Measuremant Raf.

Succinle Acid  Frog - 5.¢C. 2000 MLD 246

Herman et al. reported that rabbits can tolerate 0.54 g of succinic
acld when injected T.v, as an 0.5 N solution or 1.63 g of an 0.25 N
soiutlon (1607,

On the basis of tasts in which rabbits were given up to 4 g of
neutralized succlinle acid subcutansously, Rose concluded that succinic
acid is non-nephrepathic o rabbli+s, I+ was suggested that the fallure
of succinic acld to produce nephropathic effects results from the rapid
oxidation of succinle acld within the organism (308).

1. Short-Term Studios

fats

tn @ study by Dye et al., 15 rats were injected s.c. at 7 days -
of age with a dosags of 0.5 mg of succinic acid (In sesame oil) and
dai |y thereafter with increasing doses until they were receiving 2.0
mg per day at four weeks of aga. This lsvel of dosage was continued
until the rats reached 60 days of age. #s controls, 90 rats received
similar doses of sesame cil only. The rats were weighed and measursd
week ly and the time of halr appearance, tooth eruption, eve opening,
and vaglnal opening were recorded for sach rat. No significant
differences between the treated and the control rats were cbhssrved,
except passibly in the opening of the vagina. The average age of
opening in the test rats was 57.2 days as compared to 49.4 for the
controls (10071,

Iti. Long=Term Studles

. Mone

1%, Special Studies

Raproduction

Using rats, Dye &t al. conducted an experiment to test for
possible estrogenic properties of succlinic acid, Dalty wvaginal
smears ware made on 13 fwe-month-old female rats for a period of 2



weeks, after which 5 of the rats were ovariectomized. After a post-
operative perfod of 7 days the 5 spayed rats were Injected s.c. with
5.0 mg swccinic acld (In sesame ol l) daily for 3 weeks. Daily vaginal
smears were made and at the end of tha injection psricd all of the
animals were sacrificed and microscopic sectlons were made of the
uterine horn, cervix and vagina. The dafly vaginal smears showed no
changes in the diestrus smear of the ovariectomlzed rats as compared
to the controls and microscoplc examination of the tissue sections
revealed no slgnificant changes (100}, '

Chick embryg

To test the effect of succinic acld on chick embryos, Dye et
al, injected 0.05 ml of & sotution made by dissolving 1.0 mg of
sucetnle acid in 1.0 ml of phosphate buffer selutlon {pH 7.4) into
the alr sac of 40 fertile eggs on the tenth day of incubation. Two
groups of 120 eggs wore malntained as controls; cne group receivad
phosphate buffer alche and the other was left intact. At hatching,
the average weight of the chicks treated with succinic acid was 39.5 g
as compared with 42.3 q for the intact contreis and 44.3 g for the
controls injected wlth phosphate buffer sofution alone. Na abnormal 1ties
of deve |opment were noted at hatching and of those chicks which
were saved (one-fourth!, all developed to maturity without incident
{1001},



SUCCINIC ACHD

Bigchemical Aspects

. Breakdown

Mo Information Avallable

il. Absorptlion - Distribution

Mo |nformaticon Avallable

111, Metabollsm and Excretlon

[n tests using weanling male rats, Yoshlda et al. determined the
aval lable energy value of succinic acid to be 3.4 kcal/g whan fed as
5% of the diet., The gross energy of succinic acld was reported as
2.99 kecal/g (435},

According fo Stoehr, feeding of 0.15 g succinic acld neutralized
wlth NapCl, to fasted young male rats resul+ed in 4 haurs In a marked
increass o? liver glycogen (360},

The results of tasts by MacKay and Barnes Indicate that smal |
doses of succinic acld (42,4 mM) are entirely converted to dextrose
in the phleridzinized dog. When larger doses (424 mM) are given a
smaller percentage s excreted tn the urine as sugar, but its anti-
kefogenlc and nitrogen sparing activity Tndicate {ts conversion to
dextrose befors belng burned {224},

MacKay et al. reported that when fed in gquantities of 10-50 g
per day succinic acid has no antiketogenic activity in the human
diabetic when measured by the ketonuria, while in the normal fasting
person [+ fs as antiketogenic as an equivalent amount of glucose. The
authors suggest that the antiketogenic action of succinic acld in the
Intact crganism indicates its conversion to glucose. They alse found
that the ketoslis of fasting rats which previous|y had been recelving
a fatty liver producing diet is reduced in the same degree by glucose
as by an equivalent amount of succlinic acid and that these compaunds
are almost equally good glycogen formers (2253,

After consuming 5 g of succinic acld, Bafassa collacted his urine
tor 24 hours and tested it for succinic, malle and fumaric acid.
Analysis revealed no succinlc or malic acld and only small guantittes
of fumarlc acid, amounting to less than 1% of the admiristered
dose. The urine, which is normally acid or neutral, reacted alkaline
to litmus, Tndlcating that the succinic acid was burned {19).



¥, Effects on Enzymes and Other Blochemiczl Parameters

Brahmachari anrd Sarma reported that the injection of 100 mg of
sodium succirate into rabbits (average weight 2 kg) produces a
hypoglycemic response amounting to a 22.5% reduction n blood sugar
(477, .

Gessa et al. reported that infraperitoneal -injection of succinic
acld {4 g/kg) resulted in' a depressant effect on the central nervous
system and a slignificant increase in brain dopamine in maie Long—
Evans rats weighing 180-220 g. The mechanlsm by which these effects
were producad was net determined {134},

¥. Drug Interaction

The abscrption by man of Iron from orally administered ferrous
sulphate was found by Brise and Hallberg to be Tncreased by the
addition of succinic acld to the lron dose, the degree of Tncrease
betng directly related to the gquantity of succinate added. On the
basts of thelr tests, the authors concluded that the promoting
effect on Tron absorption was due to a direct actlon on the transfer
of I'ron across the mucosal cells. |+ was suggested that succinic
acid exerts its actien by increasing the ntracellular mucosal
matabalism (517,

Boddy and Will reported that the effect of oral or Intravenous
succinle acid on the abserption of iron, from ferrous succinate, by
non-anemic, symptomiess, adult subjects was not sufficientiy {arge
comparad with individual biclogical variation to be stafistically
slgnificant (403,

Grahmachari and Sara reported that In vitro mixing of sodium
succinate (100 mg} and insulin (2 units} prior to Tnjection into
rabbits decreases the effsct of the Tnsulin. Simultanecus but
separate injection of the twe compounds, however, produced lttle
or no change in the Tnsulin activity (47},

In tasts in which succinate was Injected into the yolk sac of
chick embryos simultaneously with certain teratogens, Landauer and
Sopher determined that sucelnate decreased the teratogenicity of 3-
acetylpyridine, &-aminenicotinamide, and sulfanilamide and potentiated
the teratogeniclty of Insulin, The authors suggested that succinate
inhibTts the teratogens, which exert their sffects by interterence
wlth mitachondrial energy production In the tissves for which they
have specific affinity, by belng fed inte the resplratery chaln of
the mitochondria and thereby providing the affected tlssuves with
an extra burst of cellular energy, compensating for damage done by
the Teratngans {(Z07}.



¥1. Ceonsumer Exposure

Succiric acld is added to food products as & buffer or neutrafizing
agent.

The following Tabltes were complled from date submitted by user
firms. Food consumption values for sach food category were derived
from the Market Research Corporation of America (MRCA} data on
frequency of sating and from the USDA dats on mean portion size of
fonds in each food category. The food consumpticn values thus derived
were coupled with the usage level data obfalned Tn the surveys to
calculate the daily Intake of each substance,

Table 2 reports the usage of suscinic acld Tn foods and table
11 reports the annual poundags data, Table '3 reports the possible
datly Intake per food categery and total dietary based on food
consumption by total sample.
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on the Imte of sueeinte acid in the human body®,

e

by G. Balapsa

Accordine te the views of older authors (1}, succinie aegid i
burned not only by normal, tut alsoe by Aiabetic organisms, Kore recotLlr
Flancheniracrer ant perrhard {(2) otudied the exerebion of diearbonic
acid by the dop and by man, Fron their investigations it ceems that urn
to C5 the dicaruonic acids are nokbt excreted, bul are rrobably desrndod,
Flaséhertraeser and Bernd 4id not Tind the adminigtered suceinie ncid
or its esters in the urine,. Since suceinic acid is quickly oxidirén To
fumaric acid in the tisuues and this is converted through fumarage 1o
an eguilibrium mixturs of fumnric and malic acids, there exists the
possibility that the inrorporated succinic acid is excreted as fumaric
ar malic acid, For these roasont, 1 inveslirated in self-tesis the fate
of gsuceinic acid and determined in addition fumaric and malic acld in
the urine. Twice T tock 5 g of succlnic acid as the sodlum sall anid
tests the urine excreted In ok houra. No succinic or malice acid could
be determined in the urine, gpall quantities of fumaric acid could be
found in both tests and indead ‘n the first test 36 mg and in the sec-
ond 26 mg were found, representing 0,724 and 0.52%, respectively, of
the consumed guantity, The normally acid or neutral reacting urine wag
alkaline to litmus after aodiom succinate intake, indicating that the
euecinic acid was burned,

Teasts

in order Lo be able to carry sut the determination, there must be
a} & methed for the extraction of the cubsiance concerned, b} an appro-
priate micro-method for the determination of fumaric acid.

a) The oxtraction of the organic acid wac carried out by the Wid-
markschen (3) principle - namely oxtraction of the acid solution with
gther and removal of the preanic acids in alkaline water, Fifteen mi
of urine which was evaporated 3o 1/5 of ity original volume wAS stronsly
acidired with H2504 and put into a flous cylinder 106 cm high and 12 cm
wide with a countersunk stopper (a glasy fer anntomical preparations),

T put the lye (504 aand) in a 4 oem wide, 1 cm high Petri digh, which
stood on a 0.5 cm high glass stand, Eirher siands are urizuitable. Then

T overflowed it with excess ather, csuch lhat the Petri digh was evenly
covered, Possible emulsification conld bo preventod throurh the addition
of several ml of aleohol. The entire apparatus wWis rhaken on an oscil-
1atine machine (10-15¢ in both directiong, anpronimately 40 pericds per
minute). After termination of the teats, 1 neutralipzed the Iye with
concentrated HECGq and anrried oul the fumaric ncid determinaztion,
gavornl cxamples ol such testo:
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Weighed Muearic aeid dn mE
Dotnrmined fumario acid 1n mT

By trnebion time in hours

Remarks

Frem distilled waler :
From urine evaporated to 1/% volume

Tah ea Do

B) For the mioro-dotermination of fumaric acid the method of von
gzaredy (B} must bo ndanied for amall quantities, The procedure was as
follows: To yicld A solution to be deternined {neutral; volume ApDTOX=
imately 5 wl) contalning less than % mr fumaric acid, 2.5 ml, previously
z ml, of 1055 mercuro-nitrate golution (in 5% Hwﬂj} was added to a contri-
Tuze tube, This a0 ution was mixed with 107 HNQs3, the volume of whirh
was equal to the volume of the solution to be analyzed, This selution
was heated on a water bath, then the heated fumaric neid-containing
anlytion added, and the mixture again heated on The water bath; if the
geperation of the precipitate took place slowly ceweral ml of alcohol
ware added, The precipitiate was centrifugzed and stored in a refrigera-
tor 10-12 hours, The cupernatant was drained fvom the precipitate
through a filter, The precipitate was washed twice with 3 ml of oeh HNO
snd twice with an gqual amount of distilled watler, the liguid drained
through the filter, Then 5 ml of hot n-Kall solution (containineg 10 ml
of n-NaCl in a 1iter) was added. the shredded Tilter paper of the pre-
ninpitate added and azsin heated, pfter cooling 1t wes filtered irto A
100 ml mounted Erienmerer flask with a countersunk stopper and washed
3 times with 3 ml of hot distilled water., After addition of 2 ml ¢.7m
EHoFOL and 0.5 ml of 0,2m KaPop, 1 mi of hromine solution (0.1n in
n=KBr) was added from a microburette, With opering of the stopcbck a
stop watch was atarted, After 460 seconds the flask was closed, The
solulion was stored for cexractly » hours in the dark, then U1 g KJ in
5 ml of iee-cold rn-HCl wase added and titrated with G,1n or 0,050

' Nap8p0-. The titer of bromine colution was determined in a blark test,

Each ml of bound bromine solutlon corresponded to 0,0058 g fumaric acid,
For examplet
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4,0k
A,
4,01
4,00
4 f1ik 4
4,00 LR

1, Weighed fumaric acid in mg
2. Determined fumaric acid in mg
3, Weighed malic meid in my

The essential differcnce from the procedure of van greredy lice
ip that I carried out the titration in bulfer solutlon, “ince the pl
must be accurately regtrajned for a micro-determivlion, This {17 BUT =
ported throush the following example 10 me ol Tomnric acld were gitrator
at various pH values, Findings were:
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1, mr of fumaric acid :
2, Tn 0.,2m phosphalc hulier
3, In 0.2 horate buffer

T titrated thes? resulte at pH 6,24, because pere small pH changes
infiuence the test results onliy 2 Little.

The malic acid determirations were carried out according te Straubd
{c}, the succinic acid determinations according to Moyle {6)

# This work was supported by the Josiah Macy, Jr. Foundation.

: Literature
For example, MNeuberl, mhe Urine, 1, 276(1910).
this journal, 159, 297(1929): Sho,'103(1937)1 216, 133(1937).
gkand, Arch. Physiol. 48, 61,(1926)1 Biochem,Z. 215, L34{1929}.
7, anal, Chemn. 103{1937).
Thig journal, plyl, 117{1936),
Biochemic., J. 1&, 551 (1924).

oriuh ELd Do e



. Soot, mad 7., 1967, IE3 A~ 115

@b

SUCCTSIC ACTD AND TRON AESORIPIIN™ - -

P T AR A P L L

G ez Rl Begirmrs aesd Ere Sost il U pioesines” Bescn e Besee 1o bl

s~y ot aral iron wpibe using solitions

af 1o gt sreparatians Rrise und Hallbere
{902 domonataated that therd were great
differcnees in ghe absarbability of ditteccn
i compounds. More iron wias absorhed
from o soturien of forcous suecinade than
from any otler compoand, including ferrous
sulphate. e absorption of iren fnem tablets
ermbwinang ferraus succinaie wis nat grealdr
than o ferrous solphate mblets, however,

Because of these findings if was suggested
that spcvinic jons per se influenced the ab-
sorption of iren gnd [urther experiments were
catried vut to st this hypothesis (Brise &
Hallberg, 1962, In these siudies the addition
of succinic acid g0 solutions of furrous sbecin-
aie was shown to increase irof absorption,
the increase heing proportional to the amount
oF succimic acid added, Intravenausly wd-
tdnistered succinic acid was alio shown 1o
increase the absorplion of iren tfrom ferrous
sulphate solutious given orally,

in an attempt to ulilise these observations
in practical therapy a commercial preparation
{'Ferromyn-5"-Calmic) containing terrous
sugcinate and suecinic acid in tablet form has
tecently become aviilable,

This paper describes an investigation of the
el 1 of suceinic avid an the oral sptike of
il -, using Fe* lahelled terrous succinite ail
5 whole body menitor Lo measug it ab-
CRURMTT B

KUVTERIALS AND METHODS

' uid preparations of Errous succinute wery nhed L
o 1he pousitle effect o iren e plion uf sl
alegration of a pill coating. The lerrous sucenale
o Tabe|led with Fer® so thal cach dowe asntinel
T cadiacte ity
“hsorption wirs studied at Lwo Jeveds ol i1am1 oo,
sy clomentul iren 420 g 1TITOLY sucsrmley aend
g elermnewtad iroo | LS ;g fernans suayinatey To
e lalF aoF b s oif Ferpaus sueeendle, e sipcint
wod wak added e moanls based on the apliniuis
v dHrae & HulTherg, EH20) s thal Lhere wore m
Wl § reparule prepdcalions cootaming: (1) LVRTITS
Loty sursinate; (23 20 g, fereTs siicinale with
15 eng suggin wcid: 13y 15 mg. Forims Shociile .
i tdp 130 mge Terzaus succindbl with PHE e

s mend. % sl aean ey b etk el s
auded 1 el deee e proevent e ol ul e T
jurn.

TR T TN STTITNT] LT B LR (TR
selowlud Tor the nees e

Tig dursca ol woll W sivem b val’s g
alter an eagongal Gt The mon salutmn s B
dircells rom a spntll heaker wfo ol e then raand
with dmr st aml e 1wt als nen The
Fnsing prosedure aas calod a1 the ol
codune ingerad s S5l B band e drih wis
Cihen far F Taues afwers ands, The poresniage alreorg.
D 4 TR gts eaben bt Tram e 3 Tane aned 2 kay
whale Buds Fe' rdieset aily coonts o prcvirsly
dewcribed (W1 8 Boddy, 19671

Each snbjuct was Beal gmeen iosolulian comiaining
Terraws suvsre e o The oo wmobe e,
Afver an micrva] of thout 2 etk the uptake stady
ws fopestted . 1og suhjeet Being mrei on ihr wecond
Prshn i Solutien creriaining e e uantity ol
Fermans syecinade an belome byt with the gpproprdc
amonnt of Mree stvvii avnd wddud, The g iron up-
takse resu#s were e vomparned.

Toy sty 1ie efeet of inbrcenas suecinie seid an
aritl ron ghsgepiio o slotile sultien al pli T oeen-
Lbiming in ik millihoss 30 mg ol snccines acid aml
foisg. ol Sedaanm clthoride wis waed. The <ubject was
firat given an urdl dise ol 5 g, Sepres oan labelled
i I g, Fe? aml the poocentags nom ahpention
mrcssnred by w ol hody counting Tae mmantls Tater
w samiler oral Jose of Fe™ wbelled iron aas given but
ot T gocisiun 11w pregsded By The sloes Inkra-
verras Iection of 5l ot 1he sucsdn awid solution,
e injecion serling 5§ ntirwes bofire o i miinasleie
tiasty oof Ll orad ey doec.

RITSEL TS

The whsorplion ligares uf e 5 subjeos wil
were pive i Slie 20 me deses b T rroe s =1nein-
e are shavan i Table oln 4 subjects imen
slertion s ncredad by the alabition al
e aeik [l ey abaeeption Toam the

Table Lo Tla cllect o 15 e st acid w1
ahsgip o per b ME s lorrenla suoenEie

| FEET RR TL  R|
i
RARTIT
R NEE AR IR RTINS
[P TR PR ET L Peang
: el nd
1 ' |-
N o .
HE |
1] (] 1



Baddy and Will

e

e wonitlinaang ferraw sk inale only Wik
oA e et Anunge 340 o P30 and ihe
mrean lrarption T the desss crnladning
Ui e of ekdal susciniy awid wars 130 per
cemt A 39 e 1720 Seanistical wnalysis
ol 1l 2 st o restlts weing the Stodent lesl
gave 4 vilue for vol 182 which indicates
{hat U dlHTermevs are sl slatistically sipni-
icant.

In 6 sulyjecls iron gbsarption from solu-
fions comtamng 130 mg. ferrous succinate
wis studied. Only 2 showed incroased ah-
surption from ihe doses containing the added
suceific aeid. I the remuining 4 the pereent-
age iten aheoTplion {zll. The mean iron
absorprion Moo e solutions containing 150
mg. ferEms seeinaie only was 7.2 per cent
{range 0.2 10 15407 and the mean absorption
feim 1he duses containing 1350 mg. forrous
sucehtate plus 110 mg. sueginic acid was 6.0
per cent {range 1010 827y The 1esulis are
shown in Table 11 The Student Ltest fave a
vubie [or tal - (.46 showing that no sratist-
cally significant diflersnee wis ohscrved.

Tuble 1L The elloet ol THEmME wpcini.r Acud o oihe
abspemjon of 150 nig fereous wucginale.

Irom alsacepLian § L0

oane - - JUR
1500 myg.
| S0 1g. [Lrresils SLCCDALY
[Erils Boc L 110 mg.
succiming weid

| b Tu
1 0.8 31
k) 1= W2
k| e LAl
= b e
i 150 b7

Tahle HL e vlbeci ol mibrasc s alyeinie vl on
piral e absoTEien
[ abssaorplaodt 25,0
L. .
151 snE
siecinsy acnl RS
= e follovwd rally Ty
lLrtiv i S ber 2 enm
H b | .
N [ 114
L .t ||
) [ M
- HER T
3 121 o0

L5+

The resulis ubtained From the Gosilpe
who took part in the inlravenous S UGS @kl
absarption test are shawn in Table 1L T,
mcan absorption from the 5 mE doses of
{orric iron was 128 por cent frargs %! L.
15.3"%), When the oral duse ol bran wi |t
ceded by the intravenous injection of F50 o
succime acid the sublects shawing a deeroa |
iron absorplion. The Student 1 iost gy
valu::l‘urtuf—L]Z,indicalinglhatany.'-:‘ '
wus statistivally insignificant.

Two patients with rheumaltoid artlen.
were given nral doses of 3 mg. labelled lupiis
iron both with and without intravenous .-
cinic acid. In otie the iren absarption rema b
virtually unchanged. 1.7 per cent wiuhnu
succinic acid and 1.9 per ceat following intia-
venous succinic acid. The second patient hyd
1.7 per cent iron absarption from the 5 mg.
fertic izon alone Falling to 0.6 per cent when
the oral dose was proceded by intravenous
suceinic aeid, -

ASCLSSION

The investigation was designed to assess the
influence of free succinic acid on the orat ab-
sorption of iron at hoth phrsiological and
pharmactogical dosage levels, -

Five mg. was chosen as the physiologieal
dose becanse this is roughly the iton conrent
of a notmal full meal (Pirzio-Bircli er af,
1958), while 37 mg. Wwes reparded a5 a satiy-
faclory therupeutic dose of iron (Kerr &
Duvidson, 1958),

all doses were of uniform volume and were
piven Lirthe fasting subject Lo eliminate as lar
s possible the influence of local masiro-
aiiestinal Fiolots on iron absorpion.

Farlier comparative studies of iton absarp-
vion have wsuilly been based an the deler-
minarion o hacmugloun regenenadion inirm
dueficient palienls Juring inm therupy (Foller
fem, 1904 Dlader, 1952 Will & Vilier, N34
The hacmwglohm repeneralion rale . -
ever, infemesd B nany Bt irceding
e severity ol i, slide af e ron
stenes, vontinue ] beeding, e pee- - ul
infectivnn, whiel itk snterpaetitne sl
resubls alifiwnll, e eaing a0 whw
e LT L obain o dieet cehirdl ol
whnarpLan a1 nepsesoe (N1 T ERN R
aveided hese it s of e,
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While vur tesults wowhd wppesr b cortra-
d& those of Brise and Hallberg, attemion
Meuld be drawn ta the Jdiffeeence in the
meilods wsed T measuee v absirption’,
The measarciment of iren uptihe with the
e gle-body 1nemilor represents febil oy
voLike Jhs Brise amd Hallberg empluasive,
vt mctland dogs et estimate o] abserp-
vt bl poekures enby the fruction of ab-
soisend ween ntidised 1 aemoglobin formathon.
L i difTerenee may lie the apparent conMict
of the finehings, Hrise und Hullberg™s observed
increwse in seon wlilisation could be eoplained
by suceinic deid increasing either the availu-

Bitiey of jren 1o the murrow or the rate of

wtilisition of iron by the marrow. Their find-
ings thur it cnous suecimic acid inereises
the niilisation oF orally administerad iron also
saggests that the effect of sucuinic acid s not 4
local one on the gastro-intestinal tract,

The administration of a4 sinple tracer dose
as in the prosent stidies may require coni-
parisan with the 10 duoses each given on
sbocessive days as reported by Brise and
Hallberg. The possibility that successive dises
of suceinic acid may have an increasing cflect
cannot be excluded. Fusther, these wuthors
showed that individusl vavistions in utilisa-
" tinn may be about + 16 per cent with succes-
sive deses and they estitnated (hat with single
dit.os the variations may be ubout - 35 per
cent. If similag conclusions apply Lo absarp-
tien, the effects of succinic acid may not be
s Figiently large compared with the biological
var‘alion Lo be readiby detevted. To test these
I rotheses, a new series af investigalions is in
r zress which will involve the sdmimsiration

of sucesssisve by dese o e d 1y
sl mgdsnrenneal of gilotfoen sl
b TPl
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‘Effects of some intermediary metabolites on _
the ‘exogenous insulin response’ of normal rabbits

H. I+ BRAHMACILARL & L. RAGHUPATUY SARMA
Bigchumistry Svctiun, Hirla College, Pilani

INTRODUGTIOHN

Continued daily injections of sodiim B-hydroxybaryrate in gradually increas-
ing doses has been found lo initially increase the inselin content of the pancreascs
of guinea-pigs and then bring about a gradoal decrease of artive insulin/gm. of
pancreas tisspe!.  Similar experiments by HSchwartz  &f al.? have roccently
confirmed these findings in both guioea-pigs and alkitg rats,

These findings have lent fresh support to the hypothesis put forward by Nath
and Rrahmachari®® that the pathological accumulation of some intermediary
metabulites, especially keto-acids like acctoaectic acid, B-hydroxybutyric acid, ete.,
may produte 4 continual stitulating cfiect on the B-cells of the islets of Langerhans,
“thus producing an initial hypertrophy of the insuhin-secrcting cells and increased
production of insulin. This is finally followed by an eventual overwork atrophy
and degeneration of the g-cells, accompanied by a decroased insulin sceretion and
consequent clinical symptoms of diabetes nellitus.

Detailed studies have, therelore, been undertaken in this laboratory to investi-
gate the efccts of various intermediary metabolites on the mechanisim of insulin
action, The preliminary results of the varly investigatiens on this line have heen
published clsewhere®. The present communication gives the detailed results of
{a) the immediate efierts of injections of the metabolites alone and combined with
exogenous insulln 7 wivy and it vitro; and (U] the effects of profonged daily
injections of same metibolites on the exegenoud insnlin response of norminl ratbits,

MATERLALS AND METHODS

(v Effects of injertines of e mefabolites  alvie  and  in combination ith
exogenans insulin i vivo” and ' in vifre " — Purc evidium salts of the weta-
Golites concerned and erystalhne insulin olution (Lily) were used in the cxperi-
ments on healthy normal rubbits.  Vive rabbits {aversge weight ? kg) were used
in cach case and each experiment  wils peprated tevier as i CTHs5-0ver tosts in
insulin assay®,

In one sct of experiments sodimn salts of metabaolites concerned {issolved in
5 ¢.. of normal saline} were mjeried in [asting {18 hirl normad ralibits and U
binod suwgar Jovel studivd at Towrly intervads for proint of 31
30 PROC, Wa] Moap. 01 vorRox, fTOL mahem LbS
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In the second sct of experiments, the metabohites conoered were injected
simultancousty hut separately wilh two anits of insubn (in normal saline} in the two
legs of the rabbits to study the fa vivo cflect on the insnlin response.

In a third set of experiments, the metabolites concerned were mixed 6 vty
with two units of insulin {dilnted to 5 c.c. with normal saline), the mixture incubated
at 37°C. for 30 min. and the clear soltion injected in vne leg of the rabbits. The
blood sugar level was then examined as in the previons cases.

Control experiments were carried out simultaneously with cach set of the above
experiments to study the hlood sugar respunse on injection of two units of insulin
in § £.c. of normal saline alone.

The micro methad of Folin and Malmros® was used in estimating biond sugar
in samptes of blood drawn {rom. the marginal car veins of the cxperimental rabbits.
The tesults of these pxperiments are summarzed in Table L

() Effects of profonged daily injections of some metabolifes on the exopenons insilin
response of wormal rabbils .- Four rabbits (average weight, 1-5 kg.} for each st
of experiments and ong set ol controls (injected with 5 c.c. of normal saline only)
were ysed.  The substances studied were the sodium salts of pL-8-hydroxybutyric
aeid and pyruvic acid. ‘

Initiuily 15 units of crystalline soswlin {Lily} were injected into normal healthy
youny rabbits and their normal insulin Tesponse caleulated Ly the standard method
of Marks {loc. cit.). Groups of such animals were then given daily injections of the
cuhstances concerned dissolved in 5 c.c. of normal saline in gradnally inereasing
doses starting from 150 mg.fanimal/day and the imsalin response to 1-5 units
of insulin was studied at regutar weekly intervals for five weeks to determine the
efiect of these injeclions on the response of such unimals to exogenous insalin,  The
resutts are summarized in Table 1L :

REBULTS

TapLk I -~ BEF#ECTS OF IRIECTIONEG OF METABCLITRES 0N THE Tnsupid RESPONSE OF
Noasil RaBpits

8L Substance injected Average pereenlage Teductions in blood sugar

Ha, ~— — -

' 2 units 100 mg. 03 mg. 100 mg-
af insulin af subslande and 2 units and 1 units

anly of imsulin of insulin

in fivo in vifro

1- Imsulin {control) 269 14 — — . —

2 Sod. z-ketaglutarato = 67414 6250 : 1k 45324 1)
3 Sed. pyruvate — 809811 G TH 4 12 S0-R0 - 3-4
4 Sod. lumarate — 83| 23 alrig 28 £e.2] g 1-h
5 Sod. p-hydroxybutyrate — 1284 115 o753 5 5143 21
6 SHod iso-citreice — 17-12: 20 57511 12 4900 : 2.8
1 Sod. sucrinate — 22-54 | 1-6 Bil4 - 32 4606 ;30
E Sod. malale — 27924 40 B3 dh 1 &K S1-41 1 36
9 Sod. citrate — 30- 14 13- 510K - 31 #EIL DN
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TapLe T[T — EFFeCTS OF PROLONGED IH)ILRCTIONS OF A-H¥DBROXVEUTYHRATH AND TVYRUVATE
{SeD1uM SArTS) 0¥ THE Frspowsp 70 KXoGRNOUD INSULIN IRJECTIONS 174 RaRntTS

Sl Subelance Average respense to 1§ umits of injocied insulin in terms ot
Na. injected ©porcentage reduction ol blood segar
S
“o days 7 days 14 days 21 dave 28 deys L1 da}:a_\
1 Contral 4722119 4910417 4638101 450017 4842115 A59Ei iU
1 S-_:dt S.hvdroxy- 4559121 404118 565516 4011101 56:55. 14 M-124 137
ulyrate '

3 Sod. pyruvate 437420 5390422 55-16--1-5 STH17 5745118 5874121

DIBCUSSIONGS

From Table I, it can he surmised that all the metaholites when injected alone
produce & hypoglycaenic Tesponse which is greatest in the case of citrate and
progressively lesser in the following arder:

Citrate = maleate > succinate =~ isp-citrate =
g-hydroxybutyrate > fumarate = pyravate = y-ketoplotarate.

This effect may be due to a direct or indirect stimulation of the insulin activity
produced by these substances. The resulis given in Table II alsa support this
stimulation hypothesis for sodium B-hydroxybutyrate and sodium pyruvate.
While 8-hydroxybutyrate scems to produce an initial stimulation followed by a
decrease in insulin activity within 35 days, the stimulating efiect of pyruvate séems
to be more prolenged since it has continued till the end of the perind of observation,
e 38 days. These ohservations have corcoborated the previous findings on tha

_effects of f-hydroxybuatyrate and pyruvate on the production of mitial hypertrophy
followed by an overwork atrophy of the f-cells of the islets of Langerhans
(Nath & HBrahmachari, loc. cit.). :

The results obtained in the i vive and in vilre cxperiments are difficult
to cotrelate with the gencralized ghservations given above. In vitro mixing of
w-ketoghutarate, pyruvale, feo-citrate, succinate and citrate appeats to decrexse
the potency of exagenous jsulin, while that of fumarate, ﬁ—hydmxybutyrate
and maleate appears to have no eficct on such activity. )

Cin the other hand, the i vive effect ol a-ketoglntarate, pyruvaie, fumarate,
B-hydroxybutyrate and mulcate seoms to enhanee the potency ol exogonous
jmsulin, while that of iso-citrate, suecinate and citrate seoms to produce almost
no effect. _

1t may he interesting to ohrerve here that some of these metabolites, particularly
sgdium succinate and sodinm citraie, have been repord 1o he suecessfully used in
the treatment of diabetes mellitus in human heing:'.  This is supported Dy
the present observations of The effects of injections of suecimite apul citrute alone
on the reduction of the blomd sugar level of normal fastg rabbits.



PHAHMACTIARL & SARMA — EFFECTS OF METABULITES 0N RABBITS 9
SUMMARY

1. The cffects ol injections of some intermediary metabolites alone ansl in combi-
antion with insulin s vive and fn vitro have been studicd in nermal fasting
rabhits. : _

2. The cffects of prolonged daily injections of sodium  S-hydrexybutyrate
and sodium pyruvate on the * xogenous insulin response " of normal fasting rabbits
has also been studicd.
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Browust the conditions for the wheorp. .

sipn A lron ane oty favourably in the
LT [ of the gowtroinicstine tract
g, dower pH.greatir arca fiur aborp-
-,un} the tine Tactor will e of boportance
frr the wheorption of iron. The time for
(he disintegration of the tablets sl the
Ajsolut ion of the it conpound can thts
i expeeted to mfluence the amount of
fp shaorhed, The great difference in
e of dissulution of ferrous succinate and
s snlphate will thus be probable
waplanation fur the abrence o the ex.
T rlIt‘d increased absorption of iron from
Lerpuas duveinate tabiets. ‘
The main part of the present papeT
contsheted of studies designed to aualyze
the mechanism of action of suecinie aeid
on irr 8 bestrption.
© Roughly. the aleogption of iron will he
inrreased:

a1 §f the conventration of iron ions in the
ga=trojntestinal lumen iy Hereased jor
wwre exactiy i the produoct of the
voncentewtion and srea of absorption
is inervased).

if the tramsfer of iron acruss the
mucueal cells i stimulated or

i the elimination of absorbed ron
from pinama to other aites of the body
is enhaiesd.

_The firet alternative explaiation for the

' M"rmn of suocinic acid — invreasing the
xmumimt.um of iron ions in the Hdst -

intestinal traet o= wan stadisd in earione
ways,

The uhmrptit.m.pnlmui.inu effeet  ul-

i O

puveinic seid oo ot be a sinple acid
offeet, Dowaunc Olher neiekh rolalisl te
sueinic neid did not inerease Lhe abwory.
ton of jron (seetion [¥). Neither in it
probable that suceinic acid avte Bf o
rotdueing agent i the gnstrointestinnd
hunen, inssmuch as the oifect of sureinic
acid was pot less when almost optinal
anounts of weeorbic soid- es a Tgucing
agent were alke given together with the
jran [mection ¥} )
The result in fectipn I that the absarp-
tion of iron wes ipereased also when
suceipic acid wis edministered intrave-
nously indicate that the absorption pIomo-
ting cffect of suvcinic acid cannot he due
to an netion on the gnstrnlnwatlmlrmn- i;
tent (the ion jon cunme-ntrnumn} When
* given intravenously the euunentmtafqn of .
suecinie acid in the gastrointestinal eon:’ B
tont must be.mueh lower than when the
acid i given oradly, -Ig section I it was
found that no effect of succinic achd was
observed when doses lower than 60 mg -
wore given orally. Qniy 130 mg suecifiie ..
arid was injreted intruyvenously aad an
absoyption promoting otfert was eﬂmt
in mast cased, An inernaed area uiu,?nm'p
tion is uot a probable explanation. thu
effect of succinic acid, beranae 1o F
in intestinal motility wae ohaan'{-d l!l- ]
renult of oral sduministration of 180, og

“-'5‘ i -*'-#

anceinic acid (section V). Tt can thua be 'g

conciuded, that swecinie neid dees " not’
exer® its action through an incrcased uu?a
juty voneputration in the gnﬂtrmnt,u_ Al
cuntent or throngh slistribution of ':' :’
uver & greater grstoointeatined mrhwl B Y

The two main remaining altuma,ti'rm :.
nttempting  to explain the pmmntmg.

effeot of mieeinic avid on icon absorption 5

arv thevefore () an increnad  transter -

e e

it




arrui < the maessal eelis mnd (5} we in-
openaeel climination of iron froo . pleone,
The jatier wey studiéd in section M, und
new effort o sueeinic asid on o ornove!
could b ohbaureed.

By & process of elimination the prestinble:
explanation for the action of succinic neid

on iron shsorption. will then he nodiect

stimulativg of the tranefer of iron through
the muvrsal celbh.

Thix interpretation of the present duta
fits in with recent olsePvationg sugesting
that thi ghsorption of iron is zp active
proces - rlependent upen OX idative metd-

" toliar. and the generation of phosphate-

hoind ensree®

Sgevinic meid i= an integral part of the
citpe acid evele. Addition of sueeinic aid
can thu~ be expeered to incpease the
encipy  available for the intracellular
eral tronsfer of iron. However, the
observation in section 1V that uther arids
comgmised in the Krebs' evele did vet

inGreuse the abrurption of jon, makes n
protuble that pucinie weid  exerta it
action in sonw: other wtgp o the intra.
rellnlar netalnlism, Huceinic achl i for
instance slso linked with the eytovhrome
system. There may als be other steps in
which the awmount for ctnoentrution) of.
yuevinie weid has o determining influenes:
on the tate of celluiar melatiolism, Hows
ever, a further analvsis necessitates the oae
of ather methods then this smployed in
the pm‘wrlit ntrestigation,

The faet that rurrinis acid incresses the
active transport of iron acmss the mucosal
cefls supgesta that the whsorption of
other substapces Tay wlso be bicvensed
by surcinic acil. It i4 alsu poesible that
suceinic acid ts o mte lmiting factor
for the wotive tran-fer of swme sabrtanes

througn other coli= bepides those of the

erstrointestinal mocoes because tile eneTEy
metaboism af ail cells i the hody follows
the e setcTal pathwave. -

SUMMARY

Enecinic acid was fowd to ineresse the
absorption of i, The increiss Wwar
refated to the amount of succinie neid
added to the oral ivon dose. (81 snbjocts),

The mechanisu uf action of soevinie
acid on iron absoeption was studisd in o
peries of vEperinumts in 45 rrbjects.

It was coneluded that the promoring
cffevt on iron absorption was due v 3
direct action on the transfer of iron across

. the moeveal cells, Bor the Bollow g veasone

(1 ruectmie acil disd net abect itonr Tru-
ever of mtestinal motility,

12 intragenously  administered  puecinie
avid alse inereased the absorprion of
i

(A} vtler organic seids related to sOMILC
avid  (when  pgiven  in cguivabent
atmnrants  -- one mithimeld died el
i Ledae Jron adsorpaioo,

It s sugyested thal suecinie avied eerts
ite action by invreasing the mtencelhilar
mvoend metabobism, Tis passible that
the abworption of othet anbstances
alk B pronneted Ty stnecinie acid,
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INJECTIONS OF CERTAIN PLANT GROWTH SUBSTANCES
IN RATS AND CHICK EMBRYQS
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Lrepavementy of Awatvmy and Horlienlivee, Univerdiy of Misgourf, Columida, Mirsouri
. {Becrived for publicatfon on May 31, 19430

A. InTRODUCTION

The purpose of the present experiment was to study the effects
of certain plant growth substances on animais. Studies were made
on growth effects and estrogenic properties of these substances.

It was shown by Boysen-Jensen (1911) and Paal (1919) that by
placing the cut tip of the plant stem asymmetrically on the stump
the growth of the lower zones was accelerated by a substance coming
from the tip. They also demonstrated that this substance was a
diffusible agent since it could be transmitted actoss gelatin, Sub-
stances (auxin g and &) having similar properties as the active prin-
ciple in ihe coleoptile tips were isclated and crystallized from utine
by Kégl and Haagen-Smit in 1931. .

Kogl, of alf (1934} discovered that indole-acetic acid has the prop-
erty of promoting growth in stems and illustrates lack of specificity
as to chemical structure and related activities in plants. Thimann
(1935) showed that indole-acetic acid was produced by microorgan-
isms, as Rhizopus suinis, in a peptone medium rich in tryptophane.

Many compounds have been investigated and are summarized by
Zimmerman and Wilcoxon (1935), Zimmerman and Hitchcock
(1937), and Went and Thimann (1937). Indole-propionic acid's ae-
tivity was studied by Hitchcock (1935) and found (o have the same
ability as indole-3-acetic acid in producing bending, proliferation, and
rooting responses in plants. 1o the case of naphthalene-acetamide
and naphthalene-acetic acid, Mitchell and Stewart (1939) found the
former was associated with secondary thickening, and the latter with
cellular proiiferation. Maleic acid, a dicarboxylic acid, was found to
be active in inducing renewed cell division and cell extension in certain
plants (English, Bonner, and Haagen-Smit, 1939).
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In order to study the relationships between plant growth suh.
ctances and their effects on organisms, many methods of attack have
been employed.

Ball (1938) studied the effects of 3-indole-ucetic acid on Esci-
richia coli and {ound that cell division of the organism was more
than doubled in the media containing the chemical as compared with
the contrals, Continuing these studies on bacteria, Beckwith an
Geary (1940} found that indole-3-acetic. acid not only increased the
growth of Escherichia coli, but alsc Eberthella typhosa. Workinu
with protozoa {Euglena gracilis), Elliott (1938) ohserved a matke !
acceleration of growth using 3-indple-acetic acid, J-indole-propioni;
acid and 3-indole-butyric acid. Certain other shecies were inhitite .
however. Du Pan, ef af (1935} found that hormones of orchid pui-
linia introduced under the ectoderm of certain Batrachian embryo:
“during the blastula stage,” accelerated cell division.

Recently, Naral and Chobot (1939) have contributed very im-
portant observalions on the effects of certain plant growth substance:
un general growth, as well as local cell growth in rats, Thev used
potassium naphthalene acetate and potassium indole butyrate. Growth
in rats was not accelerated with injections of either chemical. The
effect on local cell growth was pronounced in that both chemical:
shortened the healing time of artificially produced burns 35 per cent.

The effects of plant growth substances on tumors have alzo hren
investigated. Robinson and Tayloer (1941} found that indole-3-acetis
acid inhibited normal tespiration of both sarcomas and carcinomy-
in mice, being effective in the undissociated acid form. The efiests
of potassium alpha-naphthalene acetate on mouse and tat carcinmmi
were studied by Suminari (1941). He ohbserved inhibition of the-e
carclnomas using this compound. Kogl, Haagen-Smit, and Tonnis
(1933) have shown, however, that certain indole compounds occut
in carcinomatous tissue in concentrations iwice that of normal tzsux.

Another interesting aspect of the relation of plant growth sub-
stances to animal physivlogy is the enhancement of the cifet ol
pituitary gonadetropic hormene by certain plant growth hormones a-
observed by Breneman (1939). He found that the effectivenc-+
of pituitary gonadotropic extract was increased in the immature ru
after admixture of indole-butyric acid and alpha-naphthalene-acetic
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acid. ‘The aclion of the plant growth hormone when given separately
was questionable.,

B. MATERIALS AND METHODS
The experimental work was divided into three series. The sub-

stances tested in gach series were as foilows: {a} Alpha-naphthalene-

acetic acid, (&) Amide of alpha-naphthalene-acetic acid, (¢) Beta-
indole-acetic acid, {d) Beta-indole-propionic acid, (¢} Maleic acid,
and (/) Succinic arid.

' 1. Series |

This series consisted of 180 rats, 90 being injected and 90 being
controls, Each litter was divided into two groups, one group being
injected, the other serving as 2 control. The animals were weighed
and measured at the age of 7 days, and therealter once a week up
to the age of 56 days, then on the 60th day. The time oi haiy
appearance, tooth eruption, eye opening, and vaginal opening were
recorded for each rat. Weights were made accurately to 0.1 gm.
The rats were measured by vernier calipers, measuring from the tip
of the nose to the base of the tail. Variations possible with this
method of measuring were noted to be in the range of 3 mm. Tooth
eruption was recorded as the time of appearance of an incisor.

Six groups of 13 rats each were injected with each of the substances
listed. Each tat was started at 7 days of age on a dosage of 0.5
mgn1. {in sesame oil) and injected subcutaneousiy each day. This
dosage was increased until they were recetving 2.0 mgm, daily by iour
weeks of age, and was given daily until the rats reached 60 days of
age. The control rats received sesame oil only. Preliminary work
using larger doses of 3.0 and 10.0 mgm. over a period of three weeks
or more produced toxic symptoms in the younger rats. Some of the
rats died and others showed retardation of growth and patchy distri-
bution of hair.

2. Series Il

The total number of rats used was 40, 30 being injected and 10
being controls. These rats were all females and approximately two’
syanths old. This series was used to test possible estrogenic properties
of the six substances listed.

Daily vaginal smears were made on the 40 rats for a period of two
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weeks, At the end of the two weeks, 30 of the rats were ovariecto-
mized. A post-operative period of seven days was allowed to elapse
before injections were started, Vaginal smears were conlinued to
confirm the expected diestrus smear following ovariectomy.

Six groups of five spayed rats each were injected subcutaneously
with 5.0 mgm. daily of each of the six substances (in sesame oil} for
three weeks. Daily vaginal smears were made. At the end of the
three weeks injection period, all 40 animals were sacrificed and micro-
scopic sections were made of the uterine horn, cervix, and vagina.

3. Reries 117

This series consisted of 480 chick eggs, 240 being injected, and 240
serving as controls. Fertile eggs were obtained from local hatcheries
and incubated in an electric incubator at a temperature between
100-105° F. Solutions for injections were prepared by dissolving 1.0
mgm. of each of the substances per 1.0 cc. of phosphate huffer zolu-
tion {pH 7.4). The resultant pH was 7.0 approximately. These
solutions were sterilized by boiling. Injection was carried out on the
10th day of incubation as follows: A hole was made over the air
sac by means of a small electric drill, and then with a sterile tubercu-
lin syringe and needle, 0.05 cc. of the solution was injected inte the
air sac, the hole then being sealed with cellulose tape. Six groups oi
40 each were injected on the 10th day of incubation with each of
the substances used. Phosphate buffer solution alone was injected
into 120 eggs on the same day of incubation. The other 120 egg:
were left intact. Weights and observations on development were
recorded at hatching time.

. REesuLts

1. Series I—Rats

The average weight, length, and rate of development of the injected
rats compared clesely to those for the comrols (Tables 1, 2, and 3.
and showed no zignificant variations. In regaed to the rate of de-
velopment, there were no significant differences between injected and
control animals, except possibly in the opening of the vagina in the
animals injected with succinic acid (Table 3). The average age of
opening in the injected animals was 57.2 days as compared to 49.4



TABLE 1

TrRE EzFecT oF ALFuA-NAFaTHALERE-AcEric Aco {SoL. 1}, Awine oF ALPIA-NABSTHALENE-ACETIE AcIb {Sor. 1), BETA-INDOLE-
Aceric Acto (Sor. 3), Beta-TwporE-Prortowic Arm (Sor. 4], Maloc Acio (Sor, 5}, awp SvocIiNIc AcIo (Soc, ) ox

e Bony WEISHT oF Raos

Average body wt, in gma  Under cach average wi. Lhe zange in wis is giver [ 1 = Mo, rats.  Ingctions—daily (rem 75
days of age. Dosage—increased from 0.5 mzm. to 2.0 megm, during the St 4 weeks of breabment.

Age .
{dzys) Contruls Lol & Sol. 2 Sol. 3 ol 4 Sol. 5 5ol &
7 9.8 (90Y 109 [15] 12 {15} 11.3 {15) 90 (15) 75 (15} 104 (15}
T0-12.8 104113 yO- 73 100-123 va=1i.32 T.0-35 10.3-114
14 199 {38} 206 (14} T4 {15) 225 [15) 159 (15} 125 (15} 204 {1%)
i18-253 05214 169-180 103-23.4 118240 13.0-140 1024
i | 1349 (RS} 315 {14} 1.5 (14) Fi1 (15 210 {14} 313 (15) 332 (15)
16-18 3 05311 I6,2-200 JO0-355 1303718 I7.5-36.0 J0.0-36.4
. 1% 455 (85) 479 {14) 40.7 {13) 519 {15) 344 [13) 450 {15} 481 (15}
A2 y-504 442496 39.0-44.1 47 8416 193401 d1.2-4% 0 43 4-510
35 71T (BG) 669 {14} 500 (13) 1R [15) HE3 [(11) 00 (15 652 (15}
45 7-353 564-7F19 567616 662-74.1 52.5-78.1 S6.0-65 0 a3.0-ev.0
42 114 {85 0312 (14} r T33 (13} BT (15) 124 (13) e (14) B3z (14}
6651000 Bl3-o72 TLO-F5.0 723-823 68.1-F4 1y 72.2-833.1 68.2-90.1
49 8.5 (50} 1080 (1) BER {13) 1002 (15} 0.4 {13} ROG [14) o2 {14}
T9.8-115 7211527 B5.2-911 ch.o.TI0R AZ-06.4 734-8%0 9l.1 106
41 1165 (28] 1214 (14) 1128 (1N 1213 {15) 1134 {13) 101.5 (14) FIH-.I 14}
00.5-136.3

L4 E-113.5 106 4-1165 11101350 102-119 GR.4-105 102-120

MOSKIA 0 "3 ONY 'HASTOFSHAD 'd "W 4l A0 9 &



TAEBLE I

TeEr EFFrzcT or ALFRA-NAPHTRALENE-ACETIC Arit | Sox. 17, AwnpE oF ALPHA-NAFrRTRALEWE-ACETIC ACD (5oL, 2], Brra.-Ivoovg-
ACETIC Acin (Sor. 3), BEra-Ixoute-Dmortosic Acto {Son. 41, Mausic Acti (SO0, 81, awp SUCTIMe ACID (5oL, 6) oy

TAE Bopy LExcte oF Rats

Avtragt body lesgth in mm.  Under each averaze fenpth the range n lonpths i given.

from T-80 days of ape, [dosage—inore

{ } = Ko rals
ased from 0.5 Moo to 2.0 mpme doring the first 4 weeks of trealment.

Injections—ilaily

_Age
(days)

7
14
21
28
15
42

49

Contrals

609 {90}
56.0-70,3

BJD (38)
G 0-93.0

4.2 (83)
BL-1om

119.1 (36}
9130

136.2 {86)
116-1438

1427 (B
132-1533

149 (B4}
139-161

16500 (B&)
142-172

Sal. 1 Sol. 2 Sol. 3 Sol. 4 Sol. & %ol &
61.0 [15) 30 (15} G146 {15} 6.3 £15) S0 (15} 5903 (15)
B0-64 F4.5-53.3 6053049 56-78 Sh-61 55.1-65
FE RIS ) 77.2 {15} w0y {15} 102 (1R TR {15} ¥E.2 {15}
¥E.3-80 T0-74 Th.B2 5B8-F& Ti-B1 ih.1-&2
1052 (14} 036 {14) 101 {135} 3.0 [14) 68 [15) Y.l {i5)
10051016 Bu-g97 4105 68-105 G- 1061 al.107
1253 (142 L1200 (13} 11%-415) 1000 (13} L2 {15} 1190 {15}
120-119 111-113 113173 o0-110) 107-11% 105-124
1306 (14) 1258 [11) 1317 {15 1270 §13) 1200115 IZE.l {15}
175-135 123-117 126-134 119-135 114126 122-134
1440 {14} 1336 {3 1395 (15} 1341 (13) 1360 (14} 1410 {14}
142-146 132-13% 155-143 120-141 L30-141,2 133-144
1623 {14) 1453 (13) 1302 (15} 1442 {13} 1400 T14) 148.1 {14}
144157 145-148 146-155 130-152 133-14% 141-154
165 (14) 1550 {13} 1567 {15} 1500 (13) 155.0 {14} 1560 (i5)
133-170 150-168 144-161 150-163 L5i-154

146-165

SHITHI THY SIVHE NI SYINVISANS HIM0HS INy1d



W, E, DYE, J&., K. b, OVEKHOLSER, AKD C, G, VINSON 7

TARLE 3
Tiie Hreker o#F ACrHAXarsTiaLkNeACETie Acip (50L. 13, AMIPE oF ALPA-
RArrrmalee-Reefic Acw (Sor, 2), Bera-Ixnore-Acemc Acw (Son 30,
Hevaif WBROFKIONIC ACTs (5oL, $), Mazic At (Son. 5D,
© Ash Buoceniw Acie {84L, B} oX THME RaTE oF
: DhveLorsesT or Rars

{ ) u Nu, al ribs, Injeclions und dosage same as Table 1 and Table 2.

Hair - Eyés
At S m:l  opened Vagiha opened
Conirok & dejh 9 1e 1O (1111 17 daya 474 dava (av) .
#al W) sm 45-56 [ravge) {40}
Bal. 1 B dayl 9 to 40 days 17 day: 501 dava (wv
T [$LY) ' (14} 46-5F {range} (6)
541, 1 § days 0 ta 10 doys 17 days 484 davs {av) -
(13} {13} (13} | . 47-56 {range} (7} -
Sol, 3 o ddyn ¢ Lo 10 ity 17 days 54.1 days (mv.)
(13} {13} (18} 4538 (range) (2)
Kol 4 & tays ¢ 10 i0 deya 17 days 51.2 dave {wv.)
13§ ) . 13 4B-34 (range) (&)
fol. & © B Yk 't 10 10 dayy 17 days 520 daye fav.)
14}, i4) f14) 4755 {range) {6}
Bal. 0 4 iy U 1e 10 days 17 days 57.2 duve {av.}
, 414 {4y

P T L e

(i4) ($0-61 (range) (4}

for the corttrila, Hl;lwwtr, ohly four animals were used in the in-

jebtett group.
' ' ¥ Sévies H<Rats

- Daily vaginit smears showed no change from the diestrus smear of
ovariéctopnized rais as Lompared to the typical 4-day cyclic changes
i the vagindl sibedts of the controls. Microscopic sections of the
uterine hosn, Setvik, and vagina of each of the rats showed no signifi-
cant changes. In the dyatiectomized animals, the vaginal epithelium
was atrophic.and Ui walls and lumen were infiltrated with teucocytes.
Fhis s in cahirast to a cntrol rat killed while in estrus. Here the
vaginil epithetliiri was greatly thickened and cornified. The uterus
of the ova rat was small, anemic, contained atrophied
glands, wnd iy wall was infilirated with leucocytes. The uterus of the
fat in ethd W Hyperemiic, increased in size, and its glands were
hypetirophi amd hyperplastic. :



. TARLE 4
THE EFFEeT or ATrEa-NaFATHALENE-AFETEC ACID (Sor. |}, AMSE or ALFEA-NarRTHALENE-ACETIC A {Sor, 11 Brra-
Ixoore-AcETe: AClo {50, 3}, Brra-Inveer-Promerxic Acip (Sor. 4}, Ak Ace {505, 5}, amp Socconic Acm
(S0L, &) ow-tRE Booy Wocmy or Crrcx Emanyos .
Dosage = 005 cc. of 3 111900 aolution (in phosphate Bufer solution) injecled into the air = o the 10kh day of incoha-
lion. Averaze body wt. at hatching in gms. Under each average wt the range in wits, js given. ( } = No. of chicks

Bufler Sol.
Contrals only Sof. 1 Sol. I 5ol 3 Sol. 4 Sol § Gal. &
423 (120) 443 [120) 400 (a0] 43.5 (48] 403 (40) 430 {40} 440 (#0F 39.3 (M0

33.0-%42 11.6-47 {3 AB-41.2 +0-456.1 3554 AT-44.0 41,7456 6412

SMILIIO UMY SLvd N1 STIMVISENS HLMOED ANV}
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3. Sevies HII—Chick Eggs

- The average weights of the chicks from the injected eggs compared
clotdly with thie tontrols with the poskible exception of the chicks
[Foin tké'tﬂi jlﬂoil whth soliition No, 6—suceinic acig (Table 4);
Hese the avehige wedight o the chlcks was 39.5 gms. a5 compared
with 42.2 gns. lor the intact conttols, and 44.3 gms. for tha controls
ihjected with phodphute bufler solution aldne. No abnormalities of
_ piient wete tioted ul hatehing lime. One-fourth of the chicks
weke saved, and.all developed without fncident to maturity. e

D, Conctusions :
Alpha-niiphthzlene-acetic acid, amide of alpha-naphthalene-acet]c

acid, beta:dhddleamtetic acid, beta-indole-propionic acid, maleic acifi,
dnt] siecinic ¢id produckd ai significant effects on growth and rate bf
develogment il alddho kats ddd chick embryos, nor did they exhibit

afy esttogenic hropertiss in the doses used,

E, Susuary ;

. L The eftecis of aik plant growth substances on gtowth and de- *
vetopivrit wefe stiudied in 150 albino rats, Ninety of the rats were
injected {6 glougs of 15 each) with the substances. The other 90
setved s dontrols. -

2. The rats Whre injected with 2 maximum of 2.0 mg. daily of edch’
of the substances, nd 2] werd weighed and measured each week. Ng
significant differences in the rate of growth and development betwsen
the Injecied and coritrol animals were found,

3. Injeetiohs of 5.0 mg. daily for three weeks into 30 ovariecto-
niized rats did et change their typical diestrus vaginal smear.

4. Injections bl 0.05 ce. of a 1: 100D solution of each of the six
substznces were malle lato 240 chick eggs on the 1DIR day of incuba-

tion. Controla Botisidted of 120 intact eftrs and 120 eggs injected with

phosphaté bufler soliuthn. No significant differences n weight ot
thte of deévelopitent beiween the chicks of the injected and control
eggd were bdtedd i hatching,
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FLANT £ROWTH EUBSTANCES [N RATS AND CHICKS

_ REFPERENCES

B, E. hfb Hl-uurc'uhtln (3-indbke-wectic acld) and growth of Escherichia
coli, J: Kaf 4 i H!-ﬂﬁ;
Brekwatn, 1, O, & Ceanv. B ML 1940, Feel of indole-3-acetic acid on mul-
:‘ﬁﬁnioﬁ oi ctichla col knd Ebcrihells cyphoss. . fafect Dis, 88, J8-5y,
Riarnrbor, A. 1934, Sur I preseice d'Adde [ndol-3-acetiqus dans lp Sang.
“eonpl Renll, Ser Bk‘s;, 9%, 847849,
Béveex-Jonmest, P, 1916 Cber die Leilung des phototropischen Feizes in
h_':.\rwlliﬂaﬂlﬂ*n. Ber, Her Dent, Bolgn, Geerll, S8, 118-120,
chpman, W K, 1839, Aupmentatiot of pituitary gonadetropi hermone by
Hﬂ:ﬂr.[‘;ﬂp plm ll'i*ﬂt hortwohps, and hemin, Eadocrinology, B4, S0-494,

- Diidtoodm, M, & Veooursaas, }' R. 1941, Amide symihesis in planis: 1
: #f‘* m'mm rod, Fwlign Acod, Sci, LAR, 345-38v.  [Cited
ebm -Gty Abstr, 36, 8021}

bt Pax, B ML, & Mansivsm, M. 1935, Hetberches sur Vinflucnce des hortnones
: bed ﬁfﬁ I developpement du getime des Hatraciens, Compt,
, 118,

. Excwrr, A . i93B. The inflience of cectaln plant hormones on the growth -

ol pretesos, Fhyi Eoll, 11, 3h-3%

Bwatiow, Ji Jm, Bosxes, )., & HasozsiSacrr, A F. 1936, Wound harmooes: IV

Stiwciete aBd symibiedls OF & trmurimiin, J. Amer. Chen, Soc, 61, 3414-3435.

Hifewenow, A B - 1935 Tzdele-d-n-Propionic acid as a prowth hormone and
;IH ﬁ;ljiﬂﬁ'! meensitbeiment of gl response. Contrit, Boyce Thempron I,

] E i L0 . '

"Ry, F., Edkizesy, B & Huacex:Ssiir, A, J. 1984 Uber die Isolierung dec
Au L ind b ava plamzlichen matérlaien: IX. Mittetung. 2. f. Physol. Chem,
o, 21k,

Kikén, F., & MassexaSonar, A J. 1851 Uber die Chemie des Wuchsstoffe, Proc,
Kon, dAddd. Ampirduw ., M, 1911-116, (Cited Trom Chem, Abstr, M, sy

Kadl, ¥, w-iﬂ:h‘ A ). & Enooes, B 1934, Uber eln newes Auln
“Hilereaiah®) «us Hurs, * 2. J.Phydiel, Chen., 238, 50-103,

Kooy, F., Madasx-gday, A J. & $ovxm, B, 1935, Chber das Verkommen von
Aw wall ven Wathitomitiofen der Bios—Gruppe I Carcinomen. 2. F
Phjrtal, Chet, TN, 182-172, .

Mireria, J, W, & Stbwikr, W. 5. 1939, Compariteon of growth reponsds §i-
M& i by saphibalene-déetamide and naphthalens-acelic acid.  Boten,
Gat:, ML, 414ty

Mexam, T. 0. 1938, The stquence add climatic distzbution of some plant aslds.
Aw. I, B, Bid0bi4 :

Xamar, 1. K. k €uudor, G 1939, Biudies o6 the growih stimulating eflect of

wiphibalene avetale and pitamlum indele butyrete.  Surg., Gymec, &
» B8] S35, '

Pasz, Al 1849, Uber phototropische Reizletung, Ffehrd, Wiss. Bot., B8, 406-458.
¢ by Weni zhd Thitesns, 1937.)

Rowxpon, T, W, & Tarrom, 4. A, 1941 The cffect of indole-3-acetic acid on
timbar méapiralion, A=, J, Physiol, 1B, 429,

gvaivak, T, 191 The induknce of petasdum atpha-paphthalene acelate on Lhe

[m »f th:;ﬂl and tel varginema. M mod. Aked. Kigie, 3R, 17T6-135,
[l rddm Ehew. Abity, 3, T0i9) _

W, & DYE, JR., M. I OVERHOLSER, AND T, ¢, VINSON 11

ThiMaky, K. V. - :
;-' LA :-. ﬁ;‘}?‘mlrﬂnm #rowth hurthons produced ly Rhisopus suipus.

Weed, F. W, & Taithasy, K. U 192 :
. W, h .Y A7 3 - ] N
IH:: 5 ”h“ué f 1 Phplehormones. New Yok, Macmifun,
Zrsnauerad, ¥, W, & Hurcueock, AL B 1 i
. AL B 108 Comparative eBective
Eﬂdl. ewlcss, arid sals, &s growth substances and methods of cem?alzz:;nt Mtsée::f
onttib, Bayce Thambpsdn Frsr, B, 337, o '
Lowaersans, P W, & Witcoxox, F. 1935, Several chemiral grawih substances

whith vibbe imitimtion of roots snd ol i f i
Frompean i iy ! other responsds it plants, Coniefp, Blryce



| g | r

bilre Scicibes Yol. ¥, pp. SHD-L08R, JtHik, Pz eess
| rripted in Gireat BDeitaiag .

FNFEGT OF _i A=FUTLYEBIGH AND OTHER BUTYRIC AULHD CONGREXENS
' TV BRYIN CATECHULAMINES
| G.L, Gazsn, IFL Spang, 1. vhrgip, I, Crabal, A, Topliamooté
‘ . md L., ﬁgmeli
Inmtitote af Phurmutulngr,'Unirenhltﬁ'ur Cagliari (Italy) -

{Ih;elvnd 13 “eptonber 19h% 1.n rinal Torn 22 Dau.mhu mm)

é . : uummnahrdfﬁiyﬁutyrhiu E{-GH} unﬁagennua matahcl;te
agmunlian brain (1} possdsas ahdntiva. Mypootie and anegthetic
Iﬁrupurtieu {3}, 1hﬁ¥&fufq Lt Ras baen iatroduced in clinie as
» depredaant smd anesthetic ageht {3}, We hava shown that CY —QH -
1ﬂduglﬁ g welsetive increage in brdin dopamine (DA} in different
wiimdl dpecise {4}. '
After iﬁde&iing K-#H, UA rises faBEier than snd reachas
highet Levels than afthr the miminintraticn of monoamineoxiddse
iAnibitors (MADI). DA Gocdwmslation is temporally correlated with
I ' tha andsthetic actien af this kompound. Tha meéhunlsm by which
5 I-ﬁH produces ive effact on brain DA is not yet clarified: 1t
' foes not depend 3h an inﬁih;tinn eithar of MA0 or of catechol-0-

- ——
N\

methyl tranaferase (5). Pifially, we have demonstrated that the
#ffact of ;LGH on htain DA is obt medimted through 1ts inteTme-
l : . dinte, 6ﬁhutyrdiac1una {JEBL} {c).
: fr the srperiménta reported in thia paper, we have

Bt |

inrﬁenad H 1urgi-nﬁmbtr bt bButyric acid congeners in hoped of

. _ alﬁiifrinﬁ tHs relatishehlps af chemical wtructure, aneeathotic
: ! property end taparity to dodify Di.

Lo ' . The hnﬂ‘pﬂmﬁs ctudled warn:

[} ol 1 .’5 Az a’-hycr-dryhutymtu, od-hdrexy-icobulyrates;

LJ diuh;,rdruxg.r aleshasl gengenkis of JJ—DH 1, 3-tutanediol {1,3 BD}
b ' and 1,4-butshedisl {1,4 BD): :

-._-._i'-.. L

thiany

-l
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¢) disartbzylic agids: sucdlnate and mnlaic.acid;

dl lacﬁépa gangenerh 8f YLQH: thutyralactona {J;BL}i Jﬁbutwrn—
J.ad:tq’z;ia-i r-kcarhburiin acid ( fuDl- J/-ca.r'rmx}'lic 2.) 3 el nostkyl .
ﬂ{*mﬂihri- 3ﬁhut#fulactunu;

u) amingted prd diingted-rydromylated derivatives ol tutrric a.:
of ;ﬂ and J’—miﬂu'mt;,rfib - T J’-mﬁinm-v _;3 ~hydroxybulyric =,

We hiave f.ad 41 .% @li comeounds endewed with madalive
properties, and anly thosd ehdawed with such action, raisa sale-
ctively liain BA.

thrialk 4 pethpds

- 5555_}a¢ Ne used nale Long-Evahs rats weiwﬁlnr 180 to 220 o, up]
pobbits of our colbny weishing 1.5 o I & Kr. The E*1¢uu3 arurs
usad wers injacted as indizated under the results. At various
intervales after’ traatiehts tha apimals were sacrified: rats by
decupitntion and rabhits with 1.v. injeetion of air. The brainy
were remsvst For tha Tlusromeiric anelysis of cstecholomines L
serotonit EﬁHT}'ur for ensyme activity determinztions. ;

-ﬁgggs_égggg& praind from two enimals were hmnogenized wilk 4 wvol.
af cald 0.4 N HGl; the homogknates centrifuged at %,000 x g for
g 2 wl of the super-etant were uaaﬁ for the catechclaning
analynia and § ml for the determination sf ST, This was measurs’
by the methed of Smyder et AL, (7}, modified as Toliows: 4 ml o7
the perchlorié phate ware alkalynized to pH 10 by the nddition
af 1.5 ml of H He@d and 3 ml of 0.5 I hovate waffer p¥ 10, BHT
was sxtritted with the butonol extroction described by Bordanszy
at Al. (B8} ahd 1 &kl of the finzl seidic fase was reutralyzed

Cwith 1 @l of 0.1 M phocfate balfer pf 7,4, followed by the pinti-
drid rhaction as deserlbed by Snyder ot Al. (7). Crtechelunine:
wareg Gctlerminad by the methdd deseribed by Brodie ot Al. fai.
Enzime antivity, FAC a#tiriiy was seasured with tiun wethod of

Lovenbery et Al. {10} whnen Troyrtaaioe o e alnoooo suTs LRt

wher incten] D owan asned, HAD and atcotinnuade were oumitted o
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of thy toevloting: #eﬁia._

Hooplig

i

Bagh gowpound listed in tarle 1 was injeected i.m,
into rats up te the caxiabn tolerated dose (L.a. a dose that
kille 147 aof the aniowls in 24 hours). The behavioural effects
ware scored oand the effdést on brain amines was clogkad, As
expactsd the fallawine tcompounds praﬂ::eﬁ.anﬂesthetié afloct:
¥-ort (23, X—EL (113, #,44B2 {12). Noreover, succinic a., J-BI-
K-caruuxylim as andd —Hebutyric s, prodused sedation, AL
other dompounds deBted rave no sedptive TRILONYE . '

It appedrs thet those compounés endowe? with sedative

~and, o ahcostagiie mitidh are 210 ¢apable of incraéﬁiﬂg'selacti—
vely brain DA thép are in dngreasing ovdar of notency:ﬂ"uﬂH,
1,4-0D, KHEL,ﬂuuﬂinic By X—EE- J;carbuxylic a. and o ~OH-butyric
AHa . .

BB and 9HI ldvals are much lese influsnced. Ko effect
on brein atined wis notdd with any of tne other compounds lack-

Ing secative motion,

1,4 butgnadiol wag gtudied in some cetnil because it
posseste= hnagsthelis proverties very soinilsr to X;GH (t12) and
influehces brain TA to n siwilor depres, ¥ith the following
sapisn of experiments we have tricd to esbaplisnh:

8} whether the sedetive sdtten of 1,4 BD s rorreloted to the
ehanpe 1n Hrain DA

b) whether the incrense in ﬁhis tintie  is confined to the areas
of the extrapyranildal systen, where 1% is nomwaily contained;

£} the aechanitu by whioh 1,4 Bb produces itn orfeedi,

Subﬂnqu#nik;, trenty rots ware miven 1 pS¥ of 1,4-8Y
'iﬁirgvaritunw&llﬁ. At varions incervals 4 o Cnoso roate el

gacriMied and theid Lrain acinos oo lysed .



BUTYIIL ACIH CONGENI

ABLE 1

Val. 7, N,

Influencd on brain emines 4nd oo behaviour of differant butyric

acid cdngenera, iq ratsd.

A dhanl

Ll al: |

ﬂompéuu&

Bg/Kr

Brain amines pz/s Obasrvas
s m . ma SHT iona
- w 1384029 0.4240.03  0,56340.09 -
¥-ou 1700 1.8060019 ©,6440.11 0,7130,12  Elgep
% _DH-bukyTic 2.2000 1.3510423 0.4740.04 0.60+40,13 Sedetion
p-H=ttityric a. 4000 1.2080.20 0.48+D.07 0.57+0.08 -
o Ot o b Ty ,
e a, SO0 M1, 08x0.11 0.3B+0.11  0.4940.91 -
1,430 1000  1.8430.18 0.55:0.00 0.7340.11  Sleep
1,4-BD 150 1.5040.0% 0.50+0.11  0.7440,08 "
1, 48] H0U 1 .4Te00 42 0.4740.08° 0.T94G.03 "
1, 3-BD ] 1-“1'.'}”2‘ ﬂLd-Tiﬂ'.ﬁg G;Tﬂiﬂﬂﬁ -
Bucoinate 4000 1.5140.018 D.4240,11 Q,5040,13  Sedation
Kaleic a, 150 1.0940,16 0.4000,13  0L7140.11 -
=BL . 00 1.5040.08 £.57+0.07 0.70+0,13 Slaep
% | A
!;rhuggiic a. 500  1.4040:18 0.48+0.12 0.6840.07 Sedation
oLty Lot « :
methyl- ¥ ~BL  00¢ 1.E520.11 0.46+0.01 0.59+0.08 -
o HH, abatye
ric¢ 4, 2000 V,0740.18 0,46+40,0% 0,5740.11 -
B -BH_—outy- : -
rie - 'EQBCP 1-20:[}-09 ﬂo#?iD-DE 0;531’:‘;09 -
& -Nﬁz-butya o . o
rie a. ' 2000 ©.9940.37 D.38+0.14° 0.6040.03 -
g1« B-0fl- _
Butyric 4. 2000 0.9B40,12 0,35:0.18 ©,5520.13 -

— P,

of a_;d.c'i‘l compduni 4 timmerdsponsd turve wae mada, For brevity,

in the tahble the énta dbthinsd

¢ hoeuars alfter treatment wre

rtpnftaﬂ. This tige ecoineided woughly with the rarimal effect 2w

Lrain awine® aad oehavlour.
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L]

The data 9rasﬁntad in toble 2 showsa dirsct corralation
betwean the derrwe of ceatral sctivity and the increase of brain
DA nrﬁﬁuceﬁ by 1,4 B _

The snikids lest $hoir riphting reflex at about 30°
after treatiient ®hen braid D4 rose to about 137 above the normal.
The nhimhls awdks applotimately B huu:safterwards when hraln Trh

haﬁ dacllned to mbout ef akece the norasl levels,

ﬁELE

Tigme-tetppnse curve sof 1,4-BD affect on hrqin DA, in rats,

eyl LR M AR W | hiiien, Lol " m
1L,A-BD 5 g/Re iype  Prain cetscholamines Ohaarvations
given #% the fol- : pg"’g -
lowing Lines bHe-
foro sacrifles LA Ha
0 ba1b+0 B1 0.4220.03
ig LA LTI 0.42+0,00 sedated .
Rl 1a35x0.13 0,5340.,08 sedated-pleep loss
% P
it 1.4440.21 5§ 0.5510.06 gloap lose T,.r, #
2 h 1605030 & 8.5230.11 . woow
3 h 1.7640.21 § 0.6110.12 " .o
4 h 1.29+0.21 0,500,009 normals

i el CE e dad A L

L opee 0.1 in restect to uantfols.

. A PP, m rirttins rellex.

Bryperipents in rabritp, This species was more convenisnt than

tats for studyingy nat only the oroblem of logalization ol the
newly farned LA, ﬁuf alsou that of the temnorsl correlation bet-
wesn the DA scowntlation and the sediative effect of 1,4-ED.

Paur ~fours of fhur rablits ench wera injected very
tlowly i.v, with 1,2,3 ang 4 rrans/Yy of 1,4~butangdiol dieselved
in distiiled sz & )R,

Pwo of tne rabbits iniecied with the hiphest dose had

goiviilslong and oHe digd in © win. The siher thrpoe curvived, The
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nthé} animalg dieplayed ng ebservable behavieural changes [ur
B 10’ to ¥ h 20'. Aftersards, they exhibited sedation (follawing
1 i}kg} or visbp with Lom# of righting reflex (following 2,3 and
4 &/8g).

THe deley betwesn the inlection and the sedative effact
is much longef in saBhbita then in rats; in both gpecies it ie
shorier for the higher doses. Ratbits tolerate much higher dosas
than imts. ' : '

ABLE.

Dose—reapunss curvd of 1,448 effect om brain DA, in rabbits.

The compound was injectéd 4 hours before secriFfice.

1394014

e e o bbb
'.f;4+BD' o Brain cntenhnlaminas“ngg
&/kd if“*-' Cawhnte Fuatsuwn-Pellidun Brain-stem -
o DA DA N S
- 8104851  1.1140.11  0,4650,01  0.6040.07
0.6 1,.251.21 §  1.2040.15 §  0.5040.09  (.5840.06
1,2 T 12a§0at 11 1,3040,23%  0,5140,11  0,6340.08
2 14i6432,16% 1.4120.41%  0.5940.13  0.6840.08
3 140841 165 1,4920,38%  0.4140.11  0.7140.13
4 15002204+ 0.47+0.21  0.7040,23

- —_ P TR I THR N

. § § = 0.05 ift respect to cokirdls,

" p o Q.Y in peapact to controls.

The fluoretcancs readinrs for the ceratellum and the
gobtex of the treated Animals did not differ fram readings of
cohtrils. The sfcé egppliee to the mzrotenin values of the liubic
iyitem.

‘A# mhown in table 3, 1,4-BD alne produced in rakbits
& selactiva dose-dedendant, ingrense in vrain DA, Thiswas lo-

talized id the strlatum and in the pallidn .
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Presently, thnere are ippufficient data %o raach =
delinite cenplusien, however the results reported in table 4
indiozte that the inetresss of DA parallels'the anaegthetic
affoct of 1,4<BD.

TAELE

Time-response curve of 1,4=BD effect on brain T, in rabbits,

5,480 2 gfle Love. Caudate reasleus Cbservations

at the following
intervale bafors DA PEIE
gacTifice
0 . 8.1040.01 _ -
3¢ ' 8.67£1.12 . normals
1 h 307 9,3441.04 § ssdation
14,841,111 * aleep 1o8s5 TuC.
15 h 6.94+2,21 normale
5 p = 0.0% in respect to contréls.

f p 0,091 in respect to controls.

. In fact, DA rises to about 15% above the normal in one

end m half hours,when the snicals are deaply sedsted; reaches B

peak of 30 # above the normal in 4-% hours when the aniwmala heve
1ot their ripghting reflex and remains st that level feor the redt
of the time the animels ars ansesthetized. The DA levels decline

toward the rofmal 8% ths 870 - 1070

hour, when the animels are
awake.

Althourh it was improbablo that & salectlve increase
in brain DA anaccompanied by a parsllel inerests in serotonin
and norepinephrine ecould result from FAD inhlbiton, nevertelcés,
the afFact of %,4=BD on breoin monomsinesxiduse activity both i
Wive agd in Pitro was chetleda

Phe ramults of these crreriueuss showed that 1,4-00,
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added in vitrs does not inhibit the enZymatio deagination citlier

of tryptamine or of DA . ¥oreover, brain-homomenates of rats
treated with 1,4-BD depiainate tryplanine and DA to the sare de-

grae as thoge of control rats.
Diecuseion.

W found that ell butyric acid derivatives endowed
wiin deprensant acvhion on tie OM3, and oniy thess endowed with
such action, are able to incrasae gelectively brain DA. In fact,
besides F-CH (4} and EI'EL_{E}* other tutyric ecid congarars
wera found o increese melectively hrain D4: 1,4-BT, and to a
lesser extent, O -OH-Mutyric acld, ELBL- XFcarboxylic_acid and
guceinate, Therefore, there ia 8- remarkable correlation between
the sadative sffect and DA accumtlatior. produced by these com- |
pounds . Howaver, whether the two events are Cauéally ralates
regaing to be demonstrated.

Fropm the point of wiew of the structura =zetivity rela-
tionship our results indicate that the molecular structures ’
which regulate the sedafive metivity ere alac reaponsible for
the capacity of these compounds to modify breir DA, ' _

The reslts with 1,4-BD are of particular intereat.

Thiz compound produces sieep after = latency period longer than

that fnllnwingjioﬂ:in rats alfter about I0' in rabbits aftef Batra—

ral houre, The latency at the onsat of the pharmacslogical and
bPlachémical effactis after 1,4-BD stronpgly suppgest8  that the
effects of thie compound are mediated through an active metabo-
lite and that m different spesd in bictiransformations in prezent
in different enimal species.

The data provided by the tins-coursze reeponse add
further evidence that the increase in brain DA and the ThATRAN -
logiedl effocta prodeecad by 1,4-BI ave éirecLly rrlated; it i-
difficult t¢ reconcile these findines 1o whal Ls knows oboat the

cantral mcetions of DA (=ee 13),
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The gxperinenis performsd up to now do permit us to )
tlzrify the mechanism of agtion of 1,4-0D, This compound raises
the same problenz rutcoimterad with XuDH {51,

In fact, theorctically it is difficult to conceive: an
accumulation of brain TAr a) withaut.a parallel increase of sero-
tonin and NZ, b} accompanied by sedation instead of CNS stimula-
tign. This prod®len beccnen more ruzzling because 1,4-ED does not
inbihit #A0. ' -

The deprassicown of QNS could bhe explained by assuning
that X—GH blotks depamine - sensitive structures of the brain
preventing the endopencus DA from soting on its specific receptors.
The Sacreanti cpncentratisna of DA in the brain mighi originete
from & cowpensatory activation ol the specific naurona, zecondary
to'the functiconzl deficiendy af DA.

We ora currenily carrying cut a study of DA metaboelites
after KﬂOH and 1,4-B in order to shed some light on this puse~

*

ling ovrohled.

SUMmATY

ey butyric acid congensrs wWere screenah for their
beharigural effeaet ard for thoir influience on brain amines, Among
the éompaunda gramined, -»11 butyrie aeld derivetives endowed with
ﬂeprnssﬁnt action on the OK3, and only those andowed with sach
actlon, were canable of innreasiﬁg.aelectively hrain TA. Brain
WE and serctonin were not influenced. Sezides E-DH and I—BL,
the following compounds were Toand to be activer 1,4-ED, o -0H-
butyric acid, r-BLd E’—carhﬂxylic eold and agceinagba.

1,4=8D was ostudied in detail in rots and in rabbits,
Tha effact 4f this compeund shews piome ainiliaritiess to that aof
X+QH. There is s divect corralation between the dcoree of seda-—
tion produced Ly this compound an e acodmuiationl of TR in fhe

CbBrain. This 1= particulariy eyident in robbhio: the momesthetic

effecy noours after a Felay o0 about Lws Lipars, nn oo ke
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rise in brain DA. The DA levels return to normal when the animsl:;
ere awake. '

The newly-formed DA i1a localized in the palliﬁuﬁ ani
in the stiriatum. The mechanism by which the above conpounds, ang
spacifinally 7,4-BD, produce the change in brain DA is not clesr:

1,4=-ED, like K—DH, does not Inhibit MAQ ezther in wive or in
-uro.

Pha fact that 1,4=0D produces its effect after a long

dalay suggests that it acts throuch an sctive metabolite.
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EFUECT AND FATE QOF ACIDS IN THE QRGANISH

Part T.: Determination of the Hydrogen Ion Concenitration
in Circuleting Rabbit Klood efter Intravencus
Injection of Free Acids

by .
Siegwart Hermann, Richerd Neigzer and Margot Zentner
With 5 Figures

(Entered on December 15, 1937)

We have established in earlier investigetionsl that after
the intravenous injection of gluconic aecid, the hydrogen isn
concentration is increased, On itha basgis of varicus affa:%s
after the ¢rel administration of gluconic scid, we could also
draw the conclusion that an increase in the hydrogen ion cen—

- contration tekes place in the organism, Thus caltificatioch

phenomena which occurred after the sdministration of vitmaterin
could be hindered and evem nartly reverzed by the use of kombu—
chol, which containe 30% free gluconic acid.2 The change in the
calcium gquotient>, that i the incresse in dissocisted caloium

in the blood, can also be attributed to the change in.the hycrogen
ion concentration. Gluconic aeid belongs to thHe eeids which ere
net eaplly combustible, and thus it is easy to see, that 1t can
shift the pH in the orgenism to the acid cide, Hdowever, there
are also aclds which revesl the otposite behavior, e,g. scetic
acld, whi¢h for various remsons is counted among the easily
combustible ecids. In our investigetions, vwe nade some findings
which could not always be brought intc accord with previous
conceptions, TFor this reason, we decided to examine systemati-
celly a larger number of acids. The wresent work is concermed
sxclusively with the changes in the hydrogern ion concentration in
the blood following the introduction of free acide (not salts},.
In chooeing the methol os messuring the hydrogen ion concentra.
tion, we decided upon the intravital -ethod of von Brehmerﬁ, S
since we have gernered the imvression from the works of Mchel ex,

Mﬁ{_w » and [f@nsche, as well ag from our owh COTw
parative meagurings, that thie methed yields very useful results
for comnarative determinations.

! III'I'IIHI.IHJ, H'il"_,;’w;l.'!‘1 ;N:luh}Jl-‘.‘i:']l]lli:'l!rlll'j'H;.‘ Nel 25%, L g
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Method

Rebbite of en sverage welght of 2000 g were piaced on an
orta end water diet before the commencement of the experiment.
For the execution of the expériment, it iz important that the
animal g never come into contact with metel parte. In cases of
neceselty, clamyp devices can be wollnd with iaswlating tape. The
rabbit iz atretched out on a wooden boasrd, the right front new
placed +throuch an opening in the boerdéd and etteched. The vaw,
which i clesned of halr and fet, 1s dipned in z vessel of
saturated potessium chloride s¢lution. This veesel 1s aiiached
to the neasnring vessel of the ionometer by means of = fube
filled with potessium chloride agar. The antimony-hemovein needle
ip introduced into the helix wvein of the rabbit and the circulatior
i1p thus closed, The usefulnese of the occaeionelly used hemovein
needle iz tested in solutione with & known pH, end elso alredady
remilta from the testing of the normal pH velues of the rabbit.,
Yometimes there is a sudden drop of the pH, If this is only due
tc & clot formaetlion, fmultless values cen once egain be obtalned
a8 soon as the clot is removed. OQOtherwise, the hemovein ncedle
should be replaced by ahother, The rectal temperature of the
vakhit was conpidered by mesns of the correction of the pE values,
Those valuee which remsined coastant for ¥ hours before the in-
jection were considered the normal pH values. The injectlon of
the acidse wae made wlth & cock eyringe inte the Vena Jugularis

daxtra., In the course of three minutes 10 cem of the ecid in

gquestion were injected, thereunon the pH of the circulating bhlood
mensured, another injection made, etc, In the following we pre-
gont the resmults of our zmeasurements after the injection ¢f =cids,
The reaulis are shown in gravhe es well, The cbservaetion time
was apnroximately 6-8 hours. Althouch for each acid 46 aninale
were used, we are publishing, for the sake of brevity, only one
of the curvers obimrined for each, since they all escentially agree,

Resulie of the pH-nmeasurements after Intravenous
introduction of free acids into clreculating bdlood

1, Phosxhorie acid

We injected n/2 phoephoric acld of a pH of 1,45, It ie
lipoid-soluble, The ¥ethal dote ig 62,30 cem n/2 meid, orl g
H3POy per kg rabbit, The pH lowering is on the average 0,58,

Daath fallowk suddenly after the appearsace of dyspnea ahd coramps
of the extempor musculature. Attempia 4o save the animals by
nmeang of intravenous injections of sodiun carbonete im-edimptely
after the apneerance of the first intoxicetion symptoms f=i]ed,
The infiuence of the scld on the circulating »lood ln the indivia
dusl pheees ¢un be geen in grann 1.

2, Huconlec acid

The pH is lowered an everage of 0.46 by n/2 gluconic acid,
The pd of the n/2 acid im 2,05. Gluconic acid is linroid-insoluble
Large amounts of gluconic acid sre t-lerated both orsily acnd
parenterelly. In our exmeriments, the Yethal dozes wae not even
reached. The animels received 6 = oY 61 com n/2 gluucaic acid
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er k intravenonsly, However, dyspnea appeared afier these
Emoun%ﬁ. though it wvas raliavué by means of injecticns of twe or
three times 10 cor of an n/modivm carbonate solution, The

blood pE almo returned to itw nofmal valuees, Afi{er removel of
the eyringe, the &nimals lived several days (graph 1).

2 _ Graph 1.
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Eey: . . s .
l.,= gluconic aeld 2,= phesrioric acid 3.= dyspnea
4,= lactic acid 5.z inferrunted

7. Lactie meoid

n/2 lactic acid, which hes a pH of 1,90, clearly escidifies
the blood, It is telerdted by rebbite in relatively large:
guantities, It ie lipoid-mluble, 'The toxic dose is 1.76 g per
kg of animal, the lethel dose 2,01 g or 80 ccm n/2 ecid per kg

(graph 1}.
4, Tertari¢ acid

¥We injeoted n/2 eoid of & pH of 1,8, The average lowering
of the pH after the intravenous injection was 0,4, Tertaric acid
ig lipoid-soiuble. After orel intpke 1t i3 suv-osed to be in-
combustidie. The lethal dose wes 1.1 g or 30 com n/2 tartaric
acid per kg of rebuit welight., Before desth tnere are extensor
crampa (graph 2).

5. Hydpyochlorie scid

We injected n/4 hydrechloric acid, Its pH is lower than
1.0. 1t is lipoid~-soluble enéd incombustible, The largest amount
which ocan be injected, per kg rabbit weight, before death ccours,
is 0,6 2 or 54,2 com n/4 hydrochloric acid, The vH is lowered
an average of 0,35, the hydrogen ion concentration is correspond-
ingly raized, Death oconrs with the same symptome as with phos-
phorio acid. Injectioms of sodium carbonetes as sn anti~toxin™
ar¢ unsuccsasful (graph 2).

6, Mandelic aocid

We injected n/4 solutions of a pH of 2.05. The average
Reocrease of the pH was 0,25, ligadelic acid is lipoid-soluble
and incombuktible in the orgenism., Its intense toxicity should
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be vointed out, The lethel doee is 1,65 g or 15.5 com of an
n/4 solution per kg of rabbit weight. n/2 solutions, because
of the high toxiecity, could not even be injected. The course
of the pH influencing is geenr in greph 2.

Greph 2
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Keys

l,= cramps 2Z2.,= dyspnes

3.u hydrochloric acid 4,= mandelic seid 5.= tarberic acid
.= intermpted,

T. Aecétic agid -

After the intravencuaz injection of n/4 acetic acid, e
‘clear alkaliesation of the blood cen be peen. The blood pH is
raised an averege of 0,5. This inorease ig attributedle to
sodium moetate formaetion, The pH of an n/2 sodium mcetats solu-
tdon 1e 7.9. After the injection of the 50 com of n/4 acetic
aeid there wae a sharp droy of the bvlood nH., The animale then
underwent the aprearance of dyepnéde end crerps,, and guickly diled,
At thie point, the acetle acld led unbound ihe avellable elkali
resgerves, so that an overflow of the fq;: scetic acld rapidly
leads to death, The spontaneously released urine ig hloofly,

The meamarements of thée urine ol during the experimemt showed a
slight inoregee from 5.7% to 5,45, Aceile acid 1s lipeid-soluble;
the pE of the n/4 peid ie 2,70. The lethal dome is8 0.5 g
?E;a gﬂ3?r 33,5 gom of 2o n/4 smolution per kg of animel weight

. v )

8, Meleigc acid

Ve injected n/2 solutions with a pi of 1.50; n/4 acid
with & pH of 1,60 and n/B acid with a pH of 1.70. The n/2 aecid

is extraordinarily toxic, After the injection of an n/2 acid, .

the pH rapidly falls, then to rise slighily agein, At this
point, death ocours. After the injection of the n/4 acid, the
pE rises oonelderably, then imnedliately returms to the initial
value and riges sharply. Only ehortly before death doed there
occur, amid the apvesrance of dyspnea and cremne, a drop of the
the blood pH, salmost to the norm, After the injection of the
n/8 acid, there is merked plkmtization., Maleic acid is lipold-

soluble, The lethal dose is 0.19 £ maleic ascid for the n/8 solu-
tion, or 26 com per ¥Kg animsl weight {gra-h 3.). ‘
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Key:
1.= acetlc acid Z,= malelc aclé 3J.= fumaric acid
4,= cremps 5,= dyannes )

o, Famarlec ecid

Fumeric soid iz strudturisomer with maleic acid, If we
observe the third curve of graph 3, showing the course of the
iigactiona of a n/8 aclid, weé nptice the difference in conirast to
maledc acid. 70 pom of fumeric aeid can be injected, without
ang pH chenge teking plece, Only later does the pl rise some-
what ehnsxply, to drov rapidly below the norm before desth, mn/8
fumaric acid has e pH of 2.8%, It is lipold-soluble. The lethel
doze of n/B fumeric acid is 0.47 g per kg of animsl weight, thus
mors then double that of maleic acid.: ' .

10, ¥Malie acid

r/4 malic acid, whieh has a vH of 2,20, shows a chenging
courge in 1ts curves during injectionsz in four different experiments,
Two experiments showed an indresse, iwo a decrease of the pi, '
Perhaps this ip connected with the metemorpnic capacity of this
acid in the organiem, It is gla&o poseible, thet melic acid forms,
a8 two baslc acide, both atid arnd rneutral ealts in tne blood, =0
that one or the other deteérnine the reaction, Helle acid is
not very lipoid-soluble, 7The lethel dose of sn n/4 solution
ig 2,40 g or 106 eccm mer &g of animel welght (gra~h 4).

Gra~h 4
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11, Sucdinis ecid

We emphaeipe the greai difference in the ftolerability
according to whetner n/4 oy n/2 #dld was injected. Over 200 com
of the n/4 acid were tolerated, wvhile g meximum of 50 con of the
n/2 acld could be injeoted, The course of the curves reminds ne
of malie aeid {the chemi¢kl relationship is a very close one)
ingofar as here as wall there ia 8 sirong zig-zag course. The
PH valtiea hover about the -__Eniﬁli value, In the case of succinic
acid, as in that of malic wold, parily scid and pertly neutrsl
galte can he forymed, &6 that tiore is no clear pH alteration.
Suceinic aoid is livold-insolubie. Of the n/? acid 9.54 g or
18,1 com per kg of animil weight were tolerated, of the n/4 1.63 g
or 88,0 com (graph 5},
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12, Citrie feid

We injected n/4 and n/8 eslutions, The pH of the n/4 acid
ie 2.15, thet of the n/8 acid 2,3. It is not very linoid-saolu-
ble. According to : it is combustible after oraml ad-
mindletration, e g ose ig 0.28 g or 17.10 ccm per kg -
for the n/4 acid, 0.22 & or 32,90 ccm per kg animal weight for the
n/6 aeid, PFrom grerh 5 e sea the tendency toward temporary al-

kaligation, The pd is temperarily raised, the hydrogen ion con-
centration correspordingly lowersd, . | -

Sunntery

1, After the intravencus injection of various acids, the chsnge

of the hydrogen ion comcentratien in the circulating blood was .
determined, _ :

2., Three bapjo tyvem of acide van be difterentiated: thosme which
acidify the blood, theme which alkalize it, and finally thome
which yleld erupiions iy tAé woid or alkeli directiqan.

Js. The follgwing series is determined according to od acidifi-"
eation capacity: phosrhoric aeid >gluconic acid »lactle acid > '
tartarioc adaid »hydroghilorio detd Pmandelic acid. .
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4, The foliowimg seried is dstendiined according to blood alka-
lipation oapacitys soetie adfl¥aeleic scid >fumaric acid,

5. DBoth scidifiodtion sad u,; sation im revelaed by malic
ecid; succinlc acld shosh syuvtions toward the acid side, cltric
acld towsxd the alkaline,

P 3 Tabe ekl Gireds we Jobeaky s 4o of Phoche 81 306 (U5

* Lingecker, Hedwig: hnﬁwﬂnjnniedebergs Arch, 171, ¥ {1k,
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Sucertfinlo, ;_ﬂ}"ﬂ'm_phl'n.-a;ﬂmIu_tmt! ascorhate as socrees
of ceflular ehergy and as antileratogrens

By WALTER LANDAUER! anp DINAH SOPHER!
Froon the Departnemt af Aviined Geneties, Uniterin Colfege Lol

N L —_ M [ - ' i

EUMMARY

Gur exporbienlal Hadings <hots tiad steeinate wndd aseorbate sreatly reduce the leratogem:
effects of Taavelsdpyridiae, fumiminiomtivamide wnd sulfunilomide, Cilyeerophosphule led to
siili alloveating eosults wien vaod in conMinciian with lacerylprridine and s-uming-
micoiimmide, by not \u.'ijTi uifankuvride, With certuin other teritogens e high-energy
intermediawe: Galted 1o alldviaig? i seme inklances lacctuzolantide, insuling they even fed to
poientizilun of teratogeh-dhduced defhots,

The results of oud experiticnts demonslrute clearty that high-cnergy intermediates, by
belng fed inte il réspirabory chain of the mitochondria, can ulleviate incidensee and dearpg

expression of mallormations (rodused by specific Erraloaens. 'noconcert with aartier
evidence . the nuture of ahilierar: onic ccinpaund it can Turther be cancluded that The
parcealit - rlogens in questlon esert their cffedts by ioierferens 2 with mieteesedrial enery
prodection in ik ssies for which they huve spesific affingly, -

PNTHOBUCTION .

As o key W terulogenic aetion o study of antiteratogens is probably at present
most lkely to yietd Fruitful rosults it there is pracf or presumptive knowledgs:
that a specific terutogen interferes with the milization of Krebs cycle inter-
mediates or of steps in hydrogen transfer and pliosphorylation and if the corres-
ponding dntitcratogens correct this interfercnce. This presumplion s derived
from g lang serles of experiments in Which we found that e following com-
poundd, when used ds supplements, are effective in preventing, wloly or in
part, the deratogenic ¢onseqguenees of a variety of substinces injected into the
yolk siw of deve!. plug clicken egps on the fourtl or fifth day of inculation,
namcly, glucose, pyrvate, tryptaphan, a-ketoglutaric acid, 3hydroxyuntliran-
itic ackd, nicotitamide dnd ADP (Landiuer, TN, 1949 19534, £, 1957; Lin-
daver & Rhodes, 1952 Landaster & Wikasugi, 1967, 1964, Zwitling & Delelt,
1930} ;- and Mront the virtbslly eertain conelusion that the commen denominstor,
presdmably the vely vommon ane, in which thosw compounds share their anli-
teratogedic aclivity is relawid to the synthesis of cither nicotinamide adenine
dinucleotide {NATS) of aderesing triphosphute (ATP) and the subsequent

U Asethon o endedress Dyetprri et o Al Gisnetivs, Limiversity Cullepe Loneton, 4 Stephan-
s00 Wy, Londan, NUW ) RLE,
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pl‘n:!mliun of enedy. The guestion ardse, therelore, if this means s the
principat, if ot onty, rofé phiyed by iwtiteratogens is that of providing afficted
tissues with fn exien bisest of cellular etergy, lh-.mb;-.f compensating for dainuse
dotw by the ternadgens, M what feBowy we shall report on experiments which
were desigied W 1dstabe iik;’_lihm?d' of thiabeing true by suppltemontinge werto-
pen treatment with suedinatd, glygernplivsphate and ascorbate, These com-
pounds were ehoserl hecalise; iy wilh be discessed further on, they ard known 1o
be hlgh-enirgy sowrces which ean be fed into the respiratory chain of mile-
chondria aiid are likely 1d promote the en rgy-dependent steps of protein and
nuctcic ackd synthesis, ' '

MATERIALS AND MLETHODS

The eggs used Tn our gresent wotk came from an inlerline cross of White
Lep' wen fov! bratd by Sykes Intersationat Lid, in Wanninster, Wiltshire. All
tests were done Wter 4 of inchbation. At the endol 18 days of incubation
the enibryoys were removed. Crem 1hg shiclls : and inspected for gross abnormalities,
The methods of incubation and the experimental procedures werce the same as
thuse recorded cabiler (Landauer & Wakasugi, 1967). The number of [ertile
egs uscd; post-operalive miortudity, number of strvivors of the cighteenth day
of incubativn und ingidroct of any gross defects found among the SUrvivors are
recorded it (e tables,

The compounds wsed i e tests and their sources weee Lhe Folleving;
Suacetylpyridine, sulfairilabnide and miskeglycerophosphale hexahydrate di-
sodium salf, Sigma €heniicat Co.) uamrhm acid, fso-ascorbic acid sodiuin
salt and propylend gheol, British Diug Houses Ltd.; G-aminonicotinamide,
Mann Research Lubofutavids? insulin, Burroughs Wullwnh and Co.; sadivin
acerazalamide (Dizmok), Lederie thnmtdrles H(J{Jiul‘h succinaie ]kmh}dmk
Hopkin arid Williams Lud.

The compouinds to Be tested were dissolved In demineralized water with
0-3% phenol added, exeept for sulfunilemide and L-ascorbiv acid for which
prapylene glycol (with added Phénc!y was used as solvent, and insulin which
was useil as furnished by Busrouphs Wellecome and Co. The agueous solution
of sodium ascortrnie was ddjusted, with & 0% agueaus solution of t-ascarbic
acid, to's pH of about §, All phetiol-containing solutions were Joft prior to use
for 4 ditys at room temperiture, The injection of test cotmpounds was alwiys
dong irito (he yolk e ihid thw volunie wis penerndly 0-05 ml, though in some
instances (-1 ml. Substanees ts B whed us supplomenis were either dissolved
topether vith the teribogen in guestion oF 15 separale solutions; in the later
instanice supplemient wikld tost uuuliﬂm were made immediately one aller 1he
other, the seqirenee baing indticntcd in the tables. The dosapes of terilegons
were atrived al Ty prelintisiy tmmt} tests; the amounts of supplemonds 1o be
used ware those that cauld in cach insiunee i'“i:.lilég,r b disearlved i 0405 or 001 il
of salvent, Avaituble evidetee (e doda of Tables 9 snd 10 idicates that &
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mady Ba sipnificant difvrence inour resulls whelher teralogen and supplamem
were msed by sepuritd injecticons o in the sume vehicle. There was 5o evidenve
ol intcraction betwiceh those vsapounds which were dissolved (ogcther and.
within the dosige tanges of owr tests, no changes of solubility.

The developinentil defonts o which the lerstogens sed in our tesls pive s

have been desetibed in the Following papers: insulin (Landaver, (947}, sulfuni-

lamicle {Anced, 1945; Zwilling & DeBell, 1950), 3-acetylpyridine and 6-umino-

- mieotiianide H..md'lw:'r'; 1957, estnzolamide {Landaver & Wakisugi, 1967),
Dretails witl nit e reviewed In the present report,

RESULTS
Feots with soditny snecinte

Tabk: | presents the results of & (est in which chicken embreyus were treaiod
with J-acetylpysidive Mone ot in combination with sodium succinate, [n our
erigingl report vn the lerttogenic cficcts of J-acetylpyridine {Landuner, 1957)

Table ¥, The offect of wratuient at Y8k of incnbation with (46 mglees
{4-05 ,: ) Jeacerspryrldion either alone or in combination with 7-5 pelegy
376 oy xowfiienn sues e,

{buprﬂclmnt wikl leratogen injocked together in e sme vehicled
'L:'\LCI} I rid e
: supplerne-m.d with
I-Acctylpyridine soddingem sieeinglo

Treauted ., ’ 186G 1%
Moradity o 18 duyn 7)) 54-1 24-G
Survivors L1 150
MNormal agperancs {7, 13-3 44-1
Muscular iypoptasia (7,0

Extrema 578 247

Elight : 12-2 22-0

Suppestive ; 16-7 - B3

{thin LgsnmgTaluyr %uu.j :

Talat . 857 -
SHerl uppu beui. o 167 2
Mlm‘lhnuwuu dq.ﬁ,l..ls "o, 0 01

we called attenlion o the Bret ‘that, in addition to the majar abnormilily of
muscular hypoplasia, ¢hiefly of the leg muscles, there by wlso ihinning of the
long bones, Thix Tauer defect, dipecially thinning of the tarsemelatasal bone,
was in some {nstanees chardy discernible whon there wits Joubt whether the 1o
musctlaiure wils serdial or nog, Yence 1he condition of the larsometa tar-i-
served i smedl propodtion.of dses as the means of divcenosis, The dote of
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. [ L e . . P
Tuble 1. irdicate a heghly sigaificant reduction in toxicity, as expressed by
embrya mbrlatity, when Jacetylpyridine was given in combimation with ~odium
succinale (< 01, Amlong suevivors of the eighteenth day of incubzton
siceinate r«u;‘:pleri‘:mjhia’tm led 10 a great increwse in incidence of poronul-

Table 3 The t_'f,-ii*r.f of treotment gt 96 f oof incubation with 5yery

({035 pa) B-onthtintootitinaitle cither afone ar o combination wid
18 feleqr {37-76 pw) sodiu stiocineate

I!iuﬁ}irﬁ#cnl and teralogets-injected wopether in the sume vehicle }

M

G-Aainonicolindniide
supplemonted with
E-Aninunicinamide sodivm succinaic

Treated ..., : 15} ’ 141

Marsulity to 1B days (%) 15:3 11-3
Survivors. 127 125

Norral appeatance (% 35 k) b
Microeielia (%3} 96-0 68-8
Absoritial begk (95) 551 314
SM*"“ A 240 128

Table 3, The ffect ol .-reif:r.rm:m at 96 hoaf incubation with §-3 mglegs
{755 p M) .ﬂ:i[,fdu.’ﬁt.‘hﬂﬁﬁ*_wmm‘ alore or preceded by Infection of 7.5 s
ey (2776 1 M) saditm succlitnre

Leal o

Sulfanilinmide amd

. Sulfanilamide sodiom sucéingne
Teeated ... 183 . 117
Montulity bo 18 duys €% 213 316
Survl o i43 80
yrhal appepritee (709 2 53-8
Mieronelio (45}
Exitcme ) _ 157 225
Shiphy ] 11-5 13.8
Totul arl 413
" Abnerma! beak £ 238 13-8
Miscidbrrcons deéfects 19, : {1 21

appearing emlryos and a lowering in frequency of overall musculur hypu-
plasiz, of shortehing uf the wpper bouk and of abnormality of the cervical
vertehrag. ‘The differences betweerl the two groups are highly significant for
muscular hyrinj'!lasin snd abnovmality of the beak (£ < 00001, and s re-
mained true when, 10 goadd against any possible miselassilication, account was.
taken of only the more eatreme expressions of muscular hypoplasia.

Tahle 1 semniarizes oar Jula For Gauminosicotinomide with or withou!
succinatd suppdementatiod, In the prosence of suceinate the embryo mertaliy
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was sbphily, bu nent-sighilivutly, kowered, The incidence ol e -appearing
embryas was proathye dncrased by sucviale sunplumentiation, and the freguenay
ol niiceielia, of abnormality of Fe beak and of syndactylisim wis much
redues o, The-dilferenee Bétdern the 1o groups was-significant (£ < 06 in
the invide e of synduetylistn: i fréguencics of micromelia and heak dufeel,
me wetl s Lhat ol pross normality, differvd highly significantly (o= 0000
Tie cesults of @t best withi suffaniamide and the cffeet of succinate on its
(Cralogenicity uie givett W Tadle 3. .As compurcd with sullniizmide aleng,
grabryo morkdity was somewhit hwre_ﬂsud in the presence of sodium succinate,
but the difference Tacked statistiéad significance (P = 0-05). Amang slrvivors of
ihe ¢ighiconth day of - wheitlon highty significunt differcnees oceurred brtween
the twe grolps i iworimality ' and in incidence of micromelia (£ = 00015,
Lest it be thougli that diltetential mortality aceounted for these results, the
stgnilicanee witk alo cnlendsted on the assemption that in the group treated
with sulfunilamide aloné,. ath dend emibirvos had been non-micromelic, and
that all Jead cmbyros had Been wicromelic mn the succinate-supplemented
grou. The rosubts stilt demonstested beyend doubi that the presence of sueci-

qate lowered the ingiderod of tieromelia (F < 0-01), The percentage reduction
~in ineiderue of beak defects ufler speginate supplotentation was even greater

(han the o nvigroniclia (34 versus 385040, but the difference did not reach
statistival shgnifieance, : '

In earlicr experiinénts {Lahdauer & Rledes, 1952) it had been shown that.
the combinstion of insulin and sodium succinzle cawed 4 high degree of
patentiation of all fasubin-induced matformations, and this in spile of the fxct
that treatment with sodidi sudvinate atonc was quite MON-Tetalinpeiie,

Tests with vexsphveteapthsphete hexalydrate disodi salt

We conducted two tesis i which the interaction, iF any, of 3-acerylpyridine
and plvcerophosphatd was 1o he examined. Since the two cperiments produced
closely similar resulls we enaribinied the tuta nnd these arc shown i Table 4. 1
will be scett that thic osfcity of da¢etylpyridine, as expressed embryo mog-
tality, was greaty reduced i the pecscace of glyceroplosphate and that the
incidener of musc - Tar hipoplasia, abaormality ol the uppe Beak and dofclive
formation of the vervical tefebrae was greatly Fowered, with a corresponding
increase in (he Trequendy o ieossty aornimil embryos. All Qese diflerences m
towicity and eratagenicity are sl:ﬂi.».tically highty sigmificant (-2 00001

The datn Tor sintiur 1ests with-Baminunicatinamide are prosented i Table 5.
The presence of gij-cuf_isphrsp*tallc iy gombinion with G-aminenicotimgmate
led to o stenificint rise h tmbryo mortality, Among embryvos whiclt survivued
the cighteenth duy of ncubation the incidencs of mvremelic ol of sbnornal
formation of the Bk was mech rebiead. T0can Te showss That s far s ISHSAEE
melia is comcerned, which wits it b iously s Ul Lests the prinedl viliad
of Gemyinonicoiinimide, the Jowering of incidenee slee o e presee ol
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wivecropbosndaile remkind Mighly significant (8 - 00000 even on 1he wn-
warrantud anmygtion that alb sedivpiosed embrvon dving in the amsuppls
munted prrougr lagd Been aorme! and sl (those dyving in the suppleneated greop
hared been abmoshral? The same Bolds for requeney of over-all abionmaelite {or

. [
Tabk: 4. Fle offect of troatasitt o} 90 6 e ferctelvent fne Wity 0 g ey
(405 pu} ,L;r;'4'!}'!,1))':1-'&;}:{' vithor alone of i combivertion with 10 e ey

(I8 M) Dhzprveoropllospiuile Rexeaivdrate disodinnr sisfi

" Suppiaric and feratugon I'njs::l:m;l bogebher B the sarme wehicle,)

ommarr e 1. b e Rederala,

[

. BAcetyIpyriding

Facetylperidine
supplomented with
plveerophosphu e

'_I‘l'ciltcﬂ - ) 236 239
ISTUTRTITEL | E Y X LAY LI 15-7
Sk vorg : 133 183
Mormal appeataice () _ 158 803
Murscitur By poptesia £ 040 520 101
Shors upgtel beak {250 13-5 05
Crioaked nech (08 g2 U

— T r = o bkt sk e v it s+ Pt et s L

Trealed ... 251
 Meartifity to HE dilys (1 o6
Survivors nr
Morial apprarance (7 : 1%
Miwriotiselia € 74) 881
Abmormat beak £ ' Xi&
Synduclytion - 48
Wisceluncous defects 19,) ' 1'3

Table 3. The yifcet bf wrefbmedt at 960 af incubation 1 5 wlegn
(HOIS M) teamiinbies attamidde either o ce or in combination with

16 or I8 mgleny (XRS5 or 46:29 pan) DL-z-glreerapitosphat: -

fevalpdrate divodivm salt

(Sappberivett and feraiogen infeled in the same vehicle |

AmMinonicnefinmide

G-Auninonicotinamide
supplemonted with
glvecroplicsshale

235
18-

159
47K
58-2
148
&b
-5

of gronsly normal appearinged in the two proups, Syndaclytism ocerred with
slightly lighet sicildned tl the preseice of gyeerophosphate, but the fregquen-
cies were low and the differoness nol savistically significant.

Cur data demonstrute cdearly that in the presence of glyecrophosphate e
1ertopenic elfedts of the twir micin sntigonists Tavetylpy ridine and Gomiie.
micotinride dre prently fodudad, In conteaa, o sech bonelivi el wers
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plv e bt o e et el joo cad in deesil -"'Wx e I'I" i"I':‘- DI | D
STH AT I CAR ST RV IS LI O Al ik by ad ot e £ My el oty
(1 -‘L‘i’-l o Dinarthia (5 1an,

Tewis WHI wadipndr akerberte o ancidic deid

The el 1w n' sl sscohete or asweorbie scid as sopnloanent to bt
with F-wec Lol Adine, fagaimenicotingmids and salfiianide are -nl.J.‘uh'!h‘i[
the it in Tualibes B 10, With .1».¢1.1¢!1#1~.iu.11m we conduciod favo fe e T L

Table 6. T vesides aF friahsesit of %6 0 of incehoton wicl (88 s eng
(413 o) Fagecitfpvrlding eithed wlome or comhined wirh Jbaieqs
(SO-07 g0 sedivnr weearbete, haffered with aacertie acid
psupploneat and tertisen njected o the < velicle

J-Avciylpyricine
Csupplemened wills

J-Acoviooratine aiscar bade

Treatd .. - 75 &7

Morlality o 1 doys (7,4 ) 240 12:0}
Balrvividra 57 i

Moarnu? afpeasimee {103 439 HE-1

Kl uscwron hygoplisin ¥ 750 . S| -2

Sleet pppat Taak 000 ' 53 17
Abnorna! nxl (7, : -8 on
Miscellinzdus defe - (M . 0 ’ ] 7 -

Tuble 7. Fhe reanfes of tevatmlent o W N of hicahation with 005 dinclery
{(#13 aM} Jacenyforifiae eitfer vlone or coihiued with N0 s {m:;
(3678 p M) aveorhic acid

CRupphernd i feraiogsen infoeled Lopethiar in propelene pteeol)

' I-AvenIpariding
stpkengn e with
Y-Acdétedpyeridine s iy il
Treawd ... ! 63 151
Murtality o 18 d.n'Rt 13-5 P59
Rurtivirs 141 a7
Mol dppeas |'1..~ () Ta-4 954
Mumcubar Bypogtod, £50 198 |6
Miscelbidown el o o '<. 07 ]

first of (hese The embrges werd ehposed cither 1o an gquenus solition of J-aeety ]
pyridine (005 mgieged of ta the sme nount of e Terafugen inoan agueos
sorlution of sedion ascorfde (0 mgieen), boflored widle swoorbic sead (Tablke 6,
In the presence of sdscorhute embyy o morinbieg wos redu ool omee Teetie:
proportion of aubigie esaapdl teralogenic efvet the incidenes of soeala

I_-l- (L1 I |
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hypophsia and of shortepiag: wl the upper Boeak being greatly reducad, The

dilfersiees i Mregueney of gormad embryos and of specimens with masenla

hvpoplasin were bighly sighifienhl Between the two groups (F -4 (R005 Tn

the sevend test we used proplene glyeol as solvent cither for 3-ucetylpyrrding
. L]

Table B, Fhe offeers of teeatpesst o 96 0 of fncadation with 5 yleey
(O35 oY Begmititiaticoriuantide  either alone or supplemonsed  with
Jhprriops (SRA7 i) vodlion ascorbate, duffered winh ascorbic acid
(Supploment aud fendogen injecied roncther i the same vehicle)

——— et 1 = - - L 1 -1 —

G- Ak bisatinm e
supplemeiled with

G-Aminoiticotinimide wscorhaly

Trealed ... ' 157 . 165

Mortaliy to 18 days (5 144 . 10-3
Survivars _ 143 150

Narmm} apricatidog (00 70 35-3
Micremselia £ : G32-3 60
Abnotmal bduk {72 A5-7 233
Syndactylism {%) 22-4 114
Misceliuneons tefeces (7} _ 0 -7

- L daim.

Table 9, The efficts of tedtment e 96 & of incuhation with 83 aglan
{(7-55 s m) sedfurrifenvide cither alone or supplenivared wirk 1hmglens
{3047 JMY xolenn aseorbate, buffered with ascorbic acid’
(Sulfunilamide mjewicd in propyiene plyco), Tollowsd by agueoss soludion of sseorbsie,)

Sulfanilamide
supplomenicd with

Sulbunilmnide ascorh le
Treatad .. 159 158
Mortality (o 13 duss () 226 29
Survivods 123 114
Mormal appeaie °,) 55-3 842
hticremelis <%0 439 SN
Abnorial beal 1)) 260 T
MisaeHanoou- dafeuts (3 N ]

e | — ————e AL —awe

alone or for its eombinaifon with jscorhic acid (Tablc 7)o propylene glvee!
as vehiche J-al.'c{g.'Tp;.:fri(*inc was JWas tone dand much less terstoponic than in
aqueous selution, The iwidence of muscular hypephiviu was greatly reduc:d
and wi did not lind any cases of shortened uppaer beak or abnomility of the
necl, With ascorbic heid as supphonent the reguency of grossly normal cme
bryos was much iwergised, with o corresponding drop inaveornonee sl muscala
hypaplasiy (£ -2 W06,
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U eesalt with Gninonicotiminnive are preseated in Table 8, Supplon. -

ing f-artinontethmatide -dth sodiun ascobbale redueed eimbey o amerlatiee 1o

statisticaly nerasigniflcait etenl, definitdly rafsed the ineidence of prosahy

poralappearig embyes and greadly lowered the ocenrrence of micromali.

boak Lofect s and syndactylisi, Al these differences in teriopenic activity were
stiline zatly Bizhly signiflesnn ¢f < 0-0001).

Tahle I Fhe offect of treatnient of %k of fcabetiont with § mglees
3 h’ $ b selfinifoatde either alone or suppfomented with 70 me \cor
(36-78 p M) aseorbic weid

(Suppluiiont ind terptopan injecihed wopethien in propylens mlyeal.]

Sulfumileride
supplemientood with

Bulisntlumide ) ascorhic wwid
Th!-;lll!d Che 153 } 30
Morlulity o '8 duys [“ ¥ 13 233
Burviveirs . 133 F22
Mormal appesirznee (Y, 632 02
Micrametiu £7) 153 -8
A bzl beak {7 ¢ 180 64
Mﬁcelhumm th:!'ELI:i [ .,] ) 0B ) 0

We made tear experimenis on the effect which supplementation with sediun
ascorbate or uscorble acid his on the terstogenicity of sulfanitamide. In the
first of these téses {Talde 3 we \#mhud to campare the etfect on embryos of
1-3 mgfogg sulfunilamide dissotved in ‘profiylene glvcol witl or without the
subsequent additional injection of bufTered sodium ascorbate. The results show
that the presense of aseorbale incréased embrys mortality slightly, but not
significantly; the differences, on the other hand, of embryos which were grassty
normd and of thase with micromelis and beak defects were proof of o high! ¥
signific. ot hengticial effeet of supphesentation with ascorbate, with probabili-
i of € 000 for Frequencics of normal and micremelic embryos and of
B0l far defects of the beak, B i second fesd we redu.ed slightly the amount of
injected sulfapilumide und. dBserved the effeets wlone or with the uddition of
ascorbie acid ruther than sodium #scorbate (Table 10}, Umibryo mortality was
somewhat increased in the presence of ascorbie acid uver that Teltuwing sulfu-
nilamide alpae (P 002} howeter, the incidence of narmality aod  maicreo-
metia (7 =2 00 ) anth of malfodmations of the beak £7 - 0043 demuonstnne
that asconrbie acid and sodium asenrbite are similar in gnueritegonic aolivity,

In conteast to the Beneficiad cifcet which astorbule hus on the 1 I LI
activity of 3-acetylpyriciug, Gaminopivotinemide wnd ~ulfasikinide, we fogad
that the combination of ascorbate with cither acetasolamide or fraelin wa
quite duetrimental i ity resofls o saevival aond desclopment, This i ilestea s

I3
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by the results of sugiplementing insutin with sodium ascarbate (Tabl 111 The
data of tivis able do cog, in Eact, tHluskrate the foll cxtent to which e in=ulin-
indueed therrativng of developent were exagrerdted, the defectivencss of the
sketetan of limbs and beak heing quantikiively much nrore extreme in 1l
ascurbate-supplerented group tian in that treuted with insulin alona, The
combimuion of nevtazdamide and nscorbate led to similar pode it hdion,

Tabie I, The cffect bf teatirnt at 96 4 of incwhation with 4 units
insefin cithcr afone or supplesonted with 10 mgleee (36-28 1 M) sodim
dscorbate, haffvred with ascorbic weid
tInjeetion of insulin followed By aguecus solulion of ascorbate 3

3 - -~ 1 —

Insulin

suppleineniedd with
" Tnsulin ascerbate
© Treaied ., 162 161
Murtality o 18 dats (%, 333 62-7
Survivors : - HIE : 4]
Normial appearnnce (7.3 713 250
Micromelio (75) 241 733

r——— - -

Bhort wpper beuk (7, § B k¥ 56-0

A few reharks showld finally be added whic” apply 1o all reported data.
(1} Peeliminary tests made carlier and controd experiments dotte now have shown
that neither succinate, nor giyeerophosphate, nor sodivm ascarbuie or ascorbic
acid when fnjected separately at 96 h of incubation, and at the dosapes used for
supplementation, prodice toxic of teretogenic effects in chicken enibiyas,
(2) In the tests in which terutogens were used either with or without metabolic
supplement., we found that embrys mortality and teratogenicity were often,
but by no means regulatly, corrclated: (2) Al three typos of supplements vsed
in our tests, i.e. succinate, glyecrophosplinte and ascorbate, when cfoctive at all,
led Lo quanlitaﬁvd!y simiar beétteficial tesulls in all parts affected by the terme-
gens {goneral body growtll, muscdduture, fasial or appeodicular skeletond.
(4) The elTects of sucein (e, glycerophosphate und ascorbute were limited 1o the
dosages fecouded in the text and to treatment at 96 1 of incubalion, Other
dosages and stages of development ight well have produced cven moge
Tavorable cosubis,

MIscURs IO

We shail open the discussion of obe results with 4 quotadion from the review
on “Biologicul dxidercductions® by Frdsier & Lee (1964): ' 1L is now firmaly
estuablished that mitochendria add submitochondrial particles from vitriaty of
tissues enditlyse ar enery-dependent reversal of dectron Lrensport througl
the respiretory chain, Fhe enenty fof the renction cin b supptivd vither by
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added ATE or by ehdogenous high-cncrgy intermediates generated by the
respivatury cliain, In the former casg, the reaction involves an wctual reveral
al axidative phosphorylation, snd there is now evidenee that clecivon transporl
through a1l carriers of the regpinatory chain, from NADH to cylachrome oxidase,
can be rescesed in this way, When endogenous high-chivrgy intermedites
e, ed by the respirasnry thide serve as the source of encrgy, the reversal of
clectvon transport can praceed directly at (he expense of the intcemediates,
without the involvement of the phosphondating system. The twa types of
energy-dependent teversad of clectron traasport and their relation to oxidative
phosphorylation are Mustrated in Scheme 17 (Fig, 1} Ernster & Lee then show
i theie review that Both types of energy-dependent reversal of electron trans-
port in the respiratory chain fiave been studicd by a number of investigaturs
and undo n great varkely of comdition,

suce (gl-1-F} ase

Achc T X M) TMPD

{ ¥

OAA seam——— NAD* == Fpp, - Col)y cyt-Di e gyt-py =3 Oyt-e 2 oYl a0,

aKG +:r~m*+-4-—i

_— X ,

|

ATP

Fig. 1. Enctgy-dependent reversul of ekectron’transpark in e respivatory chuin, and
its relation 10 oxidative phbsphorylation (courtesy Ermster & Lee, *Biologicul
oxidorcductions® and Amamed Reviens, Inc., Pale Allo, Californiay. AcAc, acetoace-
tate; asc, ascorbate; ATP, adenosine triphosphate; o}, cocnzyme Q Cubiquinonegl;
cxt, eytochrome; Fp,, MADH dehydrogeaase; FPy, glycerob-T-phosphule dehydro-
penass: Fre succinate dehydrogenuss; gl1-P, glycerat-F-phosphate, Tand X derole
hypothctical cnergrbeaniler cageisrs; akG. s-betoplutate; MALY - nicolinamide
adenine dinuclootide’ phosphate oxidized: OAA, ownlvacelate; oo, suouinate;
- TMPD, ANNN -iticaiicthyip-rheny lenediamine.

The high-energy intermediates shown in the scheme of Ernster & Lee are
suciinate. mlyccrophosphate and ascorbale. The importunce of succinie acid
and of glycerophosphie aeid in provesses of eellular oxidation had firsl been
clearly cnunciuted by Meyerhof (1919). The mechanism of energy-dependant
reversal of electron transpart via succitule-linked reduction of NAL!' and
involving succinic dehydrogenase and the respiralory chain was well established
by Chunce & Holltger {1957). Extensive documentation i abo avaable for
the conclusion that 1He plycerophosphite shuttle carries clectrons from extr-
mitochondeial DENH e the intrn-mitechondrial eleotro s trunsport chain

{Buxer & Devlin, 1961 The prominent role which wscorbic awid pluys i clec-
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{rom transport was elgarly brodght oot by Stwodinger, Krisch & Leonliiuser
(1961} and hus sinca found ample verificaiion.

The important basis RIF our present cxperimentation was the :Lcug,nnuu-
that the high-cnergy intereediates succinate, glycerophasphate and ascorbate
need not originald endegenousty, Hul cin play their role whun derived Trons
EXORENOUS SOUITES {I‘ewew by Groster & Lee,' 1964; Ernster, 1965). This being
30, it became our privhary purpose ta determine if thcm, compounds can serve
a5 exogenous supplements idr relicving the noxious effects of specific teralopens
when administered 1o du_wlnping chicken embryos, Cur data show guite un-
ambiguously that they eam, indeed, be used in this munncr. We could at the
same time demonstrate tearly thur their antiteratopenic effectiveness applies
only lo certain teratogens and not td others. This teratogen-specificity did oo
come as a surprise, M of our garfier work had provided similar evidence, ¢
that sucrinate,; far from being helpful, exiggerates insulin-inducad effects in
incidence and extent (Landsuer & Rhodes, 1952} or that nicotinamide, which is
so clearly antiteratogenic with insulin and many other teratogens, was found
ingffective as supplemnent to either acclazolamide, dichlorphenamide or methi-
zolamide, whereas ATP was helplul with cither of the three (Landauer &
Wakasugl, 1967, 1968). To these specific responses we shall return below.

1t would seem well at this p-mnt Bix Jist cnm;mundt‘. which in nur experienc.
have had alle viating propertics in combination wih teratenens that were ased
by us for trextment of eligken embryos afte’ four days of incubation, They are
the following: L-trypiophan hydrochloride (with 3-acetylpyridine and f-aming-
nicotinamide, Landauer, 1957); a-ketoglutaric acid {with insulin, Landawer.
1948 ; Landauer & Rhodes, 1952); 3-hydroxyanthranilic acid (with 3-acetyl-
pyridine and S-aminonicotinamide, Landauer, 1957); pyruyate {with nicotine
sulphate, Landauer, 19805); nicotinamide {with insulia, Landauer, 1948; Lan-
dauer & Rhodes, $1952; with cserine, Landauer 1949 with sulfanilamide.
Zwilling & DeBell, 1930, with pilocarpine, Landuuer, 19538; wilh 3-acetyl-
" pyridine and S-aminonigotinemide, Landauver, 1957} ABRP (with acetazolumide,
dichlorphenamide and methazotumide, Landaver & Wakasugi, 1967, 196%),
glucoze (with pilogdrpine, Landuucr, 193G; with nicetine sulphate, Landauer,
19604 ; with thalliwn agetate, Landaver, 196064); rthoflavin wnd riboflavin-5-
phosphate (with Borio acid, Landauer, 1952; Landauer & Clark. 1964). Thy
melabolic functions whick all of these compounds, used as supplemcnts, hase
in commaon lie in their valoe Tor the production of cellulur energy via plios-
phorylation and hydrogen tmnbporl {seir Loandouer & Woakousupi, 19683 1L
scems likely that oné gam add sorbitol (used wilh boric acid, Landaaer, 19530,
wilh pilocarpine, Lelnddum‘, 1956; with thatlium acetate, Lindauer. 19604} i~
well as sorbose, ardhitel, Imidizoic and histidine {with thatlium aectete, Lan-
dauer, 1960}, to this list sinee strang evidenee hus been presentcd by Bover and
his associies {Boyer, #9963 Boyer of ol 1963) in suppart of the concliasion thin
imidazole and phosphohisticline porticipate as imtermediones mooxidative plooe-

L
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phurylation and since the sime may well be true for Whe oiher polylydroxy
compoinds used i our SxpEriments. [t is not surprising, (herefore, that succi-
nafe, plyccrophospliste and ascorbale should fall in line with the foregoing
compounds in having antiterdtogenic valug,

Considerabk: evidehee exists for the gonctasion thatl interference wilth mito-
chondriad Tunctions andlwith the activity of other cytoplasmic organelles is a
major cause of terutopenesis, Conglusians to that eflect were first artived at by
Braun (1954, 1964, 1968} on the bosis of his work with Janus green 5 as it
Tected chicken embtyot: Additional information has come from investiga-
tions of Kaplat & Johnson (1968), Aksu, Mackler, Shepard & Lemire {1968),
Pollard & Fraser {1968}, Verrusio, Pollard & Craser (1968), Verrusio & Watkins
{196%) and Chepenik, fohnson & Kaplan (1969). Details need not be discussed
here, An interesting exposition of the basic problems was presented by Herken
(1966},

Conclusive evidence for the importance of cellular energy in the origin of
malformations can alsd be found in the role which general body growth plays
in aberrations from normat morphogenesis. Such information is available from
studies on hypoxia (Blichrier; 1948, 1935; Ribsaamen, 1952; Degenhardt, 1954,
Grabowski, 1970; and -Gthers), on hypocaloric diets (Runner & Miller, 1956;
| Kalter, 1060 Milter, 1962} Yastida, Nanjo & Suzuki, 1966; Rogdyski, 1967;
and othcrs) and, of clurse, onthe effects of antimetabolites. All students of
experimental 1ératology dre aware of the important clationship existing be-
tween gencral body growth and the ocourrence ol specific defects. Some mewic
data on dose and stage dependence are available for insulin and pilocarpine
(L.andauer, 1953 c). Evidence suggesting that antimetabolites or other chemical
teratogens interfere With growth rather than with differentiation became par-
ticularly impressive when it was found that repait of teratogenic damagé with
supplements of nicotiramide {or either its Precursors of derivatives) was sl
possible an appreciatile thne affer treatment with particular teratogens sucht s
sulfanilamide (Zwilling & DeBell, 1950} ot bidrin {Roger, 1967; Roger,
Upshall & Casida, 1969). _ :

The mectabolis intstmidiates used in our present experiments, namely succi-
nate, glycerophosphate and ascorbaic, us well as the compounds which in our
earlier work had becn found to have alleviating or antiteratogenic propurties,
clearly have much in commbn as {ar as our interests arc concerned. They also
differ, however, in imporant ways. There is first af ali the fact that in combina-
tion wilh the patticular teratogens with which we tested (heim, only some of the
supplements were helpful, witile others werc inert or cven prodiced an exapger-
ation of teratogebic activity, 1t has been painted out, for inslance, that, wsed as
supplement, ascorbite greatly reduced the teratogenit ciects of 3-ucetylpyridine,
s-aminonicotinamide ahd sulfanilamide, but strikingly potentiated incidence
and gross cxpression of insulin-induced malformations, whereas nicotinamids,
on the other hand, abolished or reduced the teratogenic activity of aly these
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compuetids, 14 is elear, therefore, that there we separite wiys by which torio-
pens interfere will goergy production and by which the olfcets of teratogens
cin be mitipited, The détails of such differences remain wnknean.

Sccondly, it seems olenr from the results of pur present experimeats (hat
teetoaenic damage May geene at different points aleag one and the samc patle-
way, For, our restli: havg shown thatl in all instances in which suceimile re-
duced tht noxious offcets of a tératopen, ascorbate had 4 guantitatively similar
cficel. This is of great iiterest since it is known that these two intormediates,
whether contributed by éndogenous or infroduced from exogenous sources,
become active at differgnt sites of the respiratory chain, 1t scems very unlikely
that three different teratogens {namely 3-acetylpyridine, f-aminonicotinamide
and sulfinilamide) shodld simiturly impede the metabolic events occurring at
both sitcs, Whatever their specific interference with mitechendrial activity, our
resu seann fu demenstrate cleatly shat the role of the intermedintes, when
wsed as supplement to the teralogens, is that of stimulus for cellular energy
production, thereby inereasing the chances for protection of the embryo
against (eraiogen-induced damage or of iis repair.

RESUME
Succhwire, glycerophosphae o asrerbate,
sowrces ddergic celfulaire ¢t substances antitéiatogéues -

Nas rechorches expérimentalcs monlrent gue le suctinate et Tasearbite régddsent con-
sidérablement [es ellels (drdeogines de la J-apelvipyricting, la S-aminonicotinaride et la
sullanifamide. Le glyeerophasphate a donnd des résultats sinilaires lorsguiil o &8 utilisé en
association avee 1a Z-acetylpyridine ot la S-aminonicotnamide, mais non aves Ta sulfunila-
mide. Aver certaing awires agenls iérulogénes ces intcrnédisites 3 potenticd Coergélique
éleve nlont pas manifestd d'uetion protectrice; duns guelyues cas facetazolsmide, insulizie}
ils ont méues en pour résultdt de renforeer les perturbations induiles par les agenls térato-
[l

les resultals de nos espérivneds monlend claienent gue des imetmédiaries 2 patentiel
drergitigue ¢teve, intrbghnts Juns Je chalne respides des mitochondrics, peavent diminuszr
Fincidence et le degré dloxpression des malfersations produiles par des ageois ratngénes
spécifigues. En acgord aiec des ihfermationy antéretres sor la-natoare des composés anki-
térntapines, on peut eofclutd que fes substances ralogings en questiun agissenl par inler-
férence avee W production énergie mitachondaale dans les 1issus pour lesguels elles ont e
aMnitd speicifique.

. Our work was generatisly supparied by the Associntion for (he Aid of Crippled Children

in Wew York, We are greatly indeltcd o the Director of the Assocition, 12r Hobert .
Slater, Tor syopiathetic interest. Y initial tests with J=uccilpyriding wees done onder o
grant from the Muscolar Dystraphy Associations of Amerive in New York, for which we
wish 1o cxpross aur gratHude, We are very gralelul e Professar Salome Woelseh (o reading
the manuscript and advising one i, We also wish (@ expross appreciation Lo Mr Ropezr oL
Mifks, Froduction Directon, und o Mr 12 Lyon, Production Comtroller, of Sykes [t -
pationi] Lid, in Wirminsder, Wiltshine, for unfuiling help and eanrlesy in providing 1w
hadeling cpes Tor our wenrk and fo bMr ALk oo for the dreascing of 1. 1.
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418 CONVEREION OF SUCCINIC ACID 10 (GLUCOSE

_______ I 7.1 1N
Urine Exctstion
Tuotal %

Trine  sestone Extra Puscinie  sceslnls

Vol, Tbodies Nitroger Dextrose Arxtross wedd fod  wedd <

Day il Am. L 2R D:N wmm, min, oo
I Mongrel terrlar, male, weight 217 kg. Fasbed tor 4 dayw before mad
hout oxpecloemt, Glven 1 g, phleridsis in of} twies for § dayn

ufors aud thremghous cxperiment,
1300 LX) .48 1.9 3.8
11.54 1K ) 3.16
1245 4.15 10.11 54.8 5.4}
o.08 B.51 it 4L0B 20 424 a0
1080 .14 p.54 412 4.3 141 itd wa
2020 40T 417 1.4 a4
1as0 5.0 7.40 4.7 ant

Prp, 2—Spaniel, mele waight 18 kg, Fastad for 4 days befors aadl throughout
:apipidum Gimitu.phlnrmlniunﬂumnd;u;'hrllmmnl
t‘l:nﬁhm:t saperiment.
1 H 1.4 18.00 a3.8 504 )
a o Ry | 1441 BL6 .50
2 A 1.0 17.28 §7.0 3.80
4 R} 178 10,50 7.0 A4 Bed  ABLD Ine
6 L6
L]
T

=7 T e O B
S8
=

s 0.80 a5k 43.0 TR sod  dLD
ai L.0g .08 e an?
apo d.né 1140 40.8 a8z

Exporiminnta of Ringer, Frankel end Jouas &, Hiok Chem,, 1918, 14, D38},
Bocelnie woid II;": ar ¢ 260 1000 ) 6z -
TN uheutynoously AT 1000 o4

by Van Slyke's method, total nitrogen by the macro-Kjeldah! meth-
od and angar by Benedict's methed, The succinic acid was fed in
the free state and there was no diarchea,

In estimating dextrose formation from a fed compound by means
of the D:N ratio in the urine of the phlaridzinized dog it ja neces-
saty tu base yonr conclusions upon the highest ratic which is ob-
talned In virions experiments. On this hesis our results (Exp. 1,
4th day) confirm the lest olwervatiom of Ringer, ¢ al.,* and indi-
cate that ln the phloridzinized organiam succinic acil may be en-
tirely converted to dextrose (2 mols. succinic acid = 1 mal. dex-
trose}. However, an explanation of the relatively low pereentages
of cotversion of sutcinic acid to textrose in our Exp. 2 when large
doses were fed, is neceasary, This is exactly what happens when
large doses of sugar are fed o the ghiipridzinized prganism. Thene
is no intrinsic impairment of the ability to oxidize carhohydrate in
the phioridzinized dog.! The wuatoral gradient of tissue sugur —»
blood rugar = urine simply reduces or prevents its uxidation, If

& Dooshy X T,y J¢. 7. Biol. Chee, 1080, 80, 17,
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.enough carbatiydrate or, as in this case, dextrose former is given,
. the gradient tissue pugar -» blood sugar, becomes reversed enough
#"ito approach normal and petmit an inerease .in dextrose oxidation.
- The latter is evident in Exp. 2 in the antiketogenic and nitrogen

sparing effects of the succinic acid.
i Summary. 1In the phioridzinired dog the changes in the D:N
. . ratio indicate that small doses of succinic acid are entirely converted
.. 10 dextrose (2 mols. succinde acid = 1 mol, glucose). When lurger
" «oses nre given a smaller percentage is excreted in the wrine as

sugar but anti-ketogenic and nitrogen sparing activity indicate its
» comveraion to dextrose before being hurned,
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. THE ANTIKETOGENIC ACTIVITY OF SUCCINIC ACID

By EATON M, MacKAY, JAMES W. SHERRILL, axp RICHARD H. BARNES
(From The Seripps Metabohic Clinde, Fa Jolla)

(Eectived for poblication November 22, 19383

Kordnyi and Sezent-Gyirgyi have reported (1, TAALE T—-Continund
4 ¥ 1 131 i
3 that relatively small doses Of. succinic acid per| Tt koot | icropes oo I
would reduce or alwolish the ketosis in diahetes. bodiey Ml e day
We have been unable to demonstrate this zetion granr rams Framy fross
of succinic acid. In I'able I are presented three Exprriment 31
typical examples of the result of administering
ucinic acid to diabetic patients, Al of these 1 281 89 )
petients had been on their ré&gitne for some time ; ggﬁ E; g;
ard their diets were constant.  They were piven 4 1.54 1[;,9 10
: H H 5§ 2548 Iis J& 0 50
the iree acid. The wtal ketone bodies in the ? 3“;4 :{g zg” 13
1.71 : B
HAME 1 5] 253 5.4 117
The infiwence of sweestrir ocid on keforss i dlabebics wion g o7 0.9 1340
& fxed répime

Urine cxcretion per doy t Experiment & Femnale, 17 yrars of age, weighing 41,3

im, and 1'vau::v.=,iv[|'|%| 28 wnite of ingulin per day, The daily

Dy Tut;;dkl::m Kitrogen P— msau;.ip[;“ Eﬁnﬁﬂufﬂm. 1?:[,-. Err:jt;:. 55 granws; fat, L4 gramg;
EPRIAT rrams qrama ram:
Exzperiment i ' utine were determingd by Van Slyke's method
' {3}, glucose according to Henedicl (4], and total
; i:f“!, ig:i nitrogen by the hiacro-Kjeldahl (51, Small doses
3 3.96 7 . tTable I, Experiment 1) of suceinic acid had no
; g§§ ;:g 0 demonstrable effect upon the ketosis as measured
4§ 412 125 i0 by the ketonuriz.  This confirms the observations
g i‘gg ?g; :H of several English investigators (6, 7). Larger
b 5.4i 21.2 11 thoses of succinic acid had quite the apposite of-
}? fj:g g:i fect to the action claimed by Koranyi and Szent-
12 | 0a0 + 1.1 Gybrgyi. The ketununa was aciually increased
—— ' : {Table I, Experiments 2 and 3). In these cases
. Experiment 2t the compound behaved in (e same manner as
1 1.07 13 might have been expected of glueose.  This is
ﬁ ngg 3; 5 hardly surprising ot succinic acid is converted
p ‘;: 15 by H to glicose in the phloridzinized dog (8, 9.
: t;gg fﬁ i In {he fasting normal human being the plucose
H 24 202 30 eflect of succinic acid is even mwore obvious { Table
g Hg - %g IT}. Contrary to its bebavier in the diabetic,
: ' succinic acid is nitropen spariog and has marked

* Exgeriment f, Female, 48 venrs of age, weighing §4.5  antikctogenic activity such as might be cxpected
gﬂ‘ :5‘# recelving 2 d'liﬂ“ﬂ of il,“llljil; tach dﬂr- 'ﬂ*; from an equivalent amouent of glurose in a sube-
[l H . - ' e ' ' [
ﬁlr?';s: :::dlgnmmm Eate, f’!fﬂggt;;n Thgrgiln::'nﬂhmlin ject uf this kind, The autikctorenic activity of -
“;'E:F"':“" tuz o ;I: "35‘ 'ﬁenﬂ'! day, hine ¥5.6 suceinic acid in the normel fasting organism amy
kg, mmr:::ivi‘nt £ ﬁnit,‘:??n:ulﬁgtéamiﬁ;?.g 'Tblug alen be demuonstraied in fasting rats o whicl a
at,

Suily dist was composed of peotein, 120 grama; 170 ketanurig has Iven indured by ieeding (e sodimn

Vi snd carbobydrate, 200 grams. On'the eighthand ' of g-lydroxybutyric acid (Table T11). 1f
: ' 301 :
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TARLE I1

The infinence of nconic acid ¥ tha ketozér of
fasting wornad snidject®

Dey i g 3 4 5 &
Tata! urine nitrogen, groms. 5,13 7.00 644 5,12 405 T
T e o, grams. .. 237 5.37 5.96 Z.23 0.45 6.70
Sucoinic acid feld, groms. . ... i S50

* Thia individual was a female who waa normal in every
vegpect exvept for being ﬂi"huﬂ;{“' to 10 kgon,) everweight,
She was 36 years old and we.if d 71 kgin, A geaesal dict
precedad (he fask. While fasting, three citpa af colles
wilhout additiond were aliowel each dey. The muccinic
acid was Ted G dilute solution.

TARLE LI
A niiketopenicTodion of succinic asid 4n fosting rals*

Toile] nicTrg=n Totel ketote bodien
mxietrd prr mat :mr:teﬂdrr rat
Hody pet day per day

Bod
Group wclgﬁr )

Duy| [ay| Tay| Day| Dey[ Day| Day| Doy
] 3 3 4 1 1 3 d

:-H.J.-..w;. wegm.|mgm, MHT g HI:”‘h LTR mgm.img’m.
463 | 47| Sopda|st s Te] T2 04
456 (41l a8 3530|5313 11

JTams
A 161
B 256

® Therg were 10 male tats in each group which were
fasted Lot & day before the experiment and throughout the
experimental period. During ihe latter Lhey were all
given 1 cc. per sq.dem. of budy gurface of o 6.3 per cent
solution of racewns entdium d-hytlresybutyrere twice gach
day. The solution given 1o Group B centained 5.9 per
cedl of pucrinde eid 1 addition.

sufficient of the succinic acid is administered the
ketonuria will completely disappear as may be
geen in another experiment.

It is reasonable tu assume that succinic acid is
antiketogenic in the normal organism because it
iz converted to glucose, The relative activity of
these eompounds in this regard should throw some
light upon this point. An excellrnt ketosis may
be produced in rats if they are fasted after a
period upen a diet low in cloline and protein
which results in & fatty liver (10, 11, 12). When
a high Buid intake is provided s0 as to insute
latge urine volurnes the ketonuria becomes a good
measure of the degree of kerosis, The ketosis
jnereases to a maximum on about the third day
of fasting and then tapers off, In comparing the
antiketogenic action of 1he two compottds two
millimels of succinte acid were fod for comparizon
with earh millimol of ghiense.  This is the theo-
reticat relation between these substances if (hree
catbom atoms of suceinic acid go to glocose (3},
and under optimal conditions one milliel of

EATON M. MACEAY, JAMES W, SHERRTLL, AKD BEIUEVAHL 1. Gredesreo

ghicose may be obtained from each two millimels
of succinic acid fed to the phioridzinized dog (%,
9). Our results in Table IV show that suecinic
acid has essentinlly the same antiketogenic setivity
as an equivalent amount of glocose.

Substances which exhibit antikelogenic activily
are generally, if not always, good glycogen for-
ers {13, 14}, Succime acid is no exception. The
respits in Table V dononstrate Lhat this com-
pound is practically as good a glycopen former a3
is glicose.

DIECTSSION

We are upalle to explain why we and others
(6, 7) have been unuble to corrohorate in any
degree the fndings of Korinyi and Szent-
Gydrgyl concerning the desirable therapeutic =[-
fect of succinic acid in human diabotes in that
the ketosis may Lo reduced or controllud by this
compoutid. It is probable that their patients hud
not been adequately contralled before the studly
and wore exhibiting ithe heneht of other thera-
peutic measures which had been showing thut
effects slowly when the succinic acid happened to
be given, ‘There is also, of conrse, the wery se.
mate possibility that if diabetics differ in the
canse of their disturbed metabolisim one type of
case might he benefited by succinic acid, and it
happened that the four patients treated by these
atithors were of this type. '

Although net absolute prooi, the fact that the
antikctupenic activity of succinic acid is propor-
ticnal to the glovose it may form is strong evi-
dence that the antiketogemie aclion of succinic
acid in the intact organism is simply a result of
its comversion to ghense and is not due o any
catalytic action on tnefabolism such as Seent-
Gydrgyi and cowarkers {13) and others Tl
beliewe possible, ' . .

Our conclusion that in the nonnal organism
sucrinic acid is as good an antiketogedic agent as
an equivalent quantty of glucose is opposed. to
the conclusions of Devel et ol (17) regarding the
activity of this substance, A pero=al of their
duta shows why they failed o abtain the same
vesults. They fed sodium suecinate.  The suc-
cinic acid was oxidized leaving a sebsiani-
amount of allail. Alkali i3 very kebogente {5
19} = that while Uweir glucose-[ed group tol
only the formation of ketones by the Tasting fanx



TABLE 1¥

‘ol o
: 1|"'h refative antiketopende activily of reccinie ocid and glucoze in fasting rars

’ Excrerinn par sy dem. of body surface per dey
. . Tinee pcr:’ ag.dem .dn!' bl
: surface por day
. Bod Pody
E;W“p sex | Rk m“:ln;_ Tatal ketone badies Total FItro]ru
D | By | oy | Dy [ 2yr | Dy [ Dy | Py | wancon | ameone | S
F Lt A, mEnE. | M, ) _;ém.l- l‘;ﬂ:.n: | ?m;m_. mpe. | mpm. | mam. mm. Mmm. m. -
- Experiment [t
1 .
: K i 21 aan 1 3 54 13 20
. A 9 184 3 2 41 7 Fid 18
. -B a 207 97 4} 1 a1 14 20 025
. B v 161 3116 1 10 52 21 10 025
M o & il | L] 1 i} q 0 2.0 0.5
AAC ™ -] 1ol 134 1 1 7 0 2.0 .50
D o 11 LX) 1 5 3 10 2 0.5
LD o9 138 EYE| 2 ' e 37 34 1.0 .5
v B & 232 - 416 L] L] /] U] AL L
: E= Q! isl 335 1 1 3 U] 20 i
s ' Hefuwriment 2§
4l w6t | oas | | sl ial 2| i)t 2o
. ] 165 340 i 19 15 16 18 14 13 18 240 0.3
' C 9 165 340 5 1 L] [V} LS 13 14 16 2.0 0.67
. =] 167 344 31 6 L7 22 15 13 15 15 24 — 0.5
R 7 ) 164 2 9 5 1 L] 16 14 14 L5 2.0 1.0
Ll ‘ FEzperiment 3§
ook Lo | 16r | 336 | 19| 20| 38| 15
. 145 330 46 30 346 L]
. B |4 171 asa n 2 a 0 0.25
.oB oy 165 T 548 n & 9 4 8,25
g T 161 134 0 [H i} bJ 15 -
R ] 159 3 1] L1 )] /] 0.75
. D | 146 Ji0 1] 2 2 0 0.5
Pt 1] ¥ 157 330 0 L) L] 1 0.5
B 'S 183 264 Q Q L] L] 1.5
w K ) -] 165 40 0 o b L] 1 1.5
. . ' Exgrariment ||
» A a 151 2z 4 10 B 6 P 4 r 10 28
ﬁ 4] 138 34 a 15 1 i 3t o) 27 22 25
1 a 157 330 0 0 L iy 22 ' 246 18 L5 15
"B oy 144 310 1 1 L] 0 23 4 26 i6 2.5 0.23
r C g 150 a21 D z L] i} 33 n 28 M 2.5 0.5
g 7 137 g2 1 ¥] 0 0 % 27 4 22 2.5 J 0.5
& S S

. *Tnall of these experiments ** Body susface” was calcalated from the formula (20} that we have generally nsed.  The
’_"'."‘ riathoda of urine eollection and adminisvering the various golutions have already heen described (22, 230,
¢+ Rata which had been on the low protein fatty liver producing diet {12) for 17 days were used, Urine colleciione
.y were faade and the yarious solutiona admindstered beginning on the ficst day of fasting. There were 6 ratain cach group,
the gverages for which are given hers.  The solutions were administered it two dosea each day, the suceinic acid in 2.95

" and 5,90 per cont, the glucose in 225 and 4 50 per cent, snd the Nal 00, in 8.4 per cent solution
N t The cate bad besn oo the ial dlet for LS daya. Collactigna were mada on and efter the sceond day of Tasting.
Wl to wn error in miloulatien (the incorrect Rsmurmnption being made chat all four carbon atoms of soecinic acid foom
¥, gluzoes) the glucose fed sats received more glocoss than the equivalent of the suecinfe acid fed, and the antiketagrnic
© mitian was conmequently greater. The cotcentration in the solutions of succinic acid was 2.35 aond 5™ per cont, of
V' glucose 3.0 andﬁ per cent, gnd of NaldCOy 8.4 per cant.  The results are a\'emtges lor 5 rats in each growp,
iIn thin experiment thems were 5 rata in each group and they had been on the farty liver prodorcing dict for 17 days.
%, Urine collections wera comtenced on the fret day of Faating,- zi'he sUCeinic acid solutione were net nestrabized, nor v
it NaHCOy fed to any of the other groupa.  All of the rate were given | oo, per sy.dom, of Lbody suefoce of 1 per cenl Ml
5 twioesach day and ather substances adminintered were Incorporated in this glueese, in 2,25 and 7.75 per cent and suecinie
. acid in 2.95 and .84 per cant salytion, -
§ | These cats wara fasted dleectly lrom the stock dict, colleciions heing sommenced on the second day of I’asting. The
. Intonmria fa die solely to the ul in produced By the NaHCOy.  Thin was fed in 10,5 per cent, the glucose in 228 per
r-:lmt snd the wucrinic acid in 2.95 per cent solutions.  The results are averagen for 6 reta in each group.
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TABLE ¥ _ _
Glvrogenic nchivity of theeinde acid and glucoss in the albing ras .
| S— A et s
Baod. Bog Live
Groop wel;gt II-I-I'IJL “Lii:t . . .
' Minmam | Maslwum | Avemge Average NoHODy | Glunwe su:fdlmp
grams st fem, Frams par cant fer éenil Par conl ‘:}M“’s:"{rﬂ: . L™ ure.
A 150 M $.12 0.2 08 0.6 ) 30
B 140 318 492 7d 15.4 2.6 148 X0 1.25 .
C 150 .21 4,82 6.3 149 3] 138 5.0 2.50

* Each group was composed of 12 male rats.  They wero fasted for 24 hours and then given b slomach (e every
4 houre U co. per ag.dem, of body surface of the various salutions cver a period of 20 hourg, when they were aneatherized

with nembutal and the liver givcopen determined {21},

All of the sotutions contained 5.4 per cent

aHCCOy. I[n Group

E there was 4.5 pet cent glucose and in Group C 3.9 per cent suceinic acid in additlon.

liver rats to overcome, the proun fed sodium pue-
cingte had in addition the ketogenic influence of
the allall 1o overcoine, Experiment 4 in Table
IV shows the effert on ketosis of alkali in the
form: of a dose of sodium bicarbonate comparable
to the alkali involved in these experiments. When
fasting from the stock diet without alkali ad-
ministration there is no measurable ketoauria.
Whenever we fed sodimn succinate we naturally
added an equivalent amount of sadiom bicarbonate
to the contrel and glucose-fed groups so that the
ohservations in 2 given expeniment would he
comparabie.

' BUMMARY

Succinic acid hag no aotketogenic activity in
the human digbetic. In a noroal fasting person
it is as antiketogenic a3 an equivalent amount of
glucose, to winch suecinic acid is converted in the
phlcridzinized and probably also in the pormal
oTganism.

The ketosis of fasting rats which previously
had been receiving a fatty liver producing diet
13 reduced in the same degree by glucose as by
an equivalent amount of succinic acid. These
compounds are also almost equally good glycogen

formers,
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THE NEPHROPATHIC ACTION OF THE IHCARBOXYLIC
ACIHDE AND PHEIR DERIVATIVES

[TARTARIC, MALIC AND SGCCINGG ACHRS:

WILLIAM O Rl
Frien the Lialeeatories of Phgeiodegieal Chesduiey of the ffivecsitn af Trras,
Clafvedork, eonel Mg Limavereitn wf fifinnis, 1rkayn '

Hercive] Tor podddliemdion Jny 5 11R4

In 11437, Buer and Blum (1) 1ostod the inlluence of n variety
of orgunic acids upon the entpat of sugar saul acetone bodies
in diabetes, They found that, of the substances eraployod,
sodim glutarate woar goigue i thad 1= subeutancous adminis-
tration Lo phlovhizinized dogs bad to marked desrease in, or
entire disappearance of sugoe T tha grine, aecompanisd by
aograat Tall Tnoontpal of oitrogen wl aestone bodies, They
stated that “ Die Wirkung der Sinre erslreckt sich wicht auf die
Aussehedidung von vorgebildeienn Aocker, sobdern aal die Bil-
dung von Zucker aus andereny Alulerind ol Kollenloedraten, ™
[n luler sotmanieatious (3, (3 they reported thad several other
ueids lkewise wnnifesied (he “glutarie sebd effect,” notably,
tartavie, alipie, pimelic, auberie, amd plubconie acids. 2everal
snann-, di-and Cri-leydiosy derivatives of glotarie aetd also gave
poritive resulls. On e other hioul, nindoude,” sueeipie, prro-
Lgrtarie, Curtronie, malie, e-bydeoxy plubaie. ol glotamie acids
wore without influenen. Azelnie mud sebacie aeisls did not nfiect
the ontpiil of toial nitreron and sugar, bul enuseid deerenace in
the elimination of aeetone bodies,  Blueie ol waes said oo give
anmtidows resi = ]n-:'.'llll.r.r-_nf its foxieliyv,

Caniekrab Dy s greanet Foven 60 e Heasre® Tatd of Wo: devicat Asseeiz Do fur the
Ardvanecrment of Beingers U peeelim noee pepnoel ul thes ineest iendaon agagetned
in the Praecedimga el Llos Yaweraeo Soeiedy af Biodogiend Clicinist s, Joare. Dol
Clhermn,, 1922, 1, xxiii.

(¥
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Soon after the work of Baer snd Blom, Underhill 32}, and
Underhill, Welle and Goldsechmidt {36} ahowed very convincingly
that in the case of tartaric acid, the decreases in cutput of urinary
- inptedients are due to renul changes, and not, as suggested hy
"B i snd Blum, to metsbolic alterations, TUnderhill and his

nriates found that tartrales, whee edministered subeutaneously

. either phlorbizinized or nonnsl animals, produce an acute
:+ hritiz chiefly ibvolving the convoluted tubules. Wellg, who
-male the histological examinarions, stated that following tar-
trage administration “the greater part of the epithelium of the
comveluted tubulea is entirely necrotic, end most of the tuhules,
almost all, in fact, are occluded by large hyaline and gronular
casts, frequently conrnining move or less hemoglobin . . . .
The glomerules show almost no change bevond an oeeasional
small hemorrhage™ 327, Following the intravencus adminis-
tration of sodium chloride-urea mixtures in tartrate-nephritic
animals (377, the sodium chloride was completely recovered in
48 hoursz, while very little or none of the urea reappeared io the
urine. In the light of these data. and «f the histological findings,
the authors cobelude that under normal eenditions chlerides and
warer pass througih the glomerviar mechanism. whereaz uren
heeomes a Urinary constituent by way of the eonvoluted tubules,

It iz sirange thet practically none of the other acids reporred
as " active ™ by Baer and Blum have beeu examinad in regard 1o
their renal effects. despite the {avt that the development of the
modern methode of blood analysis has provided a very delieate
means of detecting alterwtions in kidney funetion, Informia-
tiom concerning the nephropathic action of the dicarboxylic
acids is desirable especially {rom two viewpoinés. Firsr, such
studies would appear to offer an unusual opportupity of invesi-
gating the refasionship of chemival constitution to physiological
action, Ferond, a kuowledge of the effects of the dicarboxylic
acids upon kidney nctivity is essentiad before relinble studics
can be made of the method or degree of onidarion of these aeids
in the bady, Obvieuslv. detersinations of the sugar output
in phiothizinized animals, or of the pereentyge recovery in the
urine o & compuonml whose fate in the body is being aougin,
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may lead to grossly erroneous deductions # the administered
substunce wanifests nephropathic aetion,  With these considers-
tions in mind, and as 4 preliminary to studies of the mode of
oxidaticn of dirarhoxyvlic aeids, we have undertaken a rather
ermprehensive investigation of their influence upon renal funetion.

In this communiention we repert the results of comparutive
studies with turtaric, malie and succinic acids. We have begun
with tartarie acid becausze, (#) data obtained with an sgent known
to be nephropathic would serve as a basis for comparisen with
results secured in the use of other acids; and () a search of the
literature hag revealed the fact that informstion concerning the
distribution of the hluod ingredients following tartrate adminis-
tration is exgeedingly meager. Karsner and Denis (14) reported
marked increases in the non-protein pitrogen and ures of the
blood in cats, and Underhill and Blatherwick (33), and Potter
and Bell {22) observed pronounced deerenses or reductions to
zero jn the cxeretion of phenolsuiphonephthalein in rabbits
following the subcutuneous adminiatration of tartrates, More
recently, Underhill sud Wakemun {34 found decresses in the
chloride eonsenttation of the blood, and corresponding increnses
in 1he relative blood volumes in ttrate-nepliritie animads,  «

Data based apen studies of the urine, amd histologienl exe
aminatinng of the kidueys, indieate that the characteristic renal
lesionz veeur regardives of the mode of adiministration of the
tarirate, provided the latter reaclhies the cirenladion (197, When
given by umontl. much larger doses are required than when the
sibstanee is introduesd parenterally (33, {19, 25),  Probably
this difference is due in part to the developient of diarrhoen
following vead administration, and the resulting rapid removal
of the salt fromg the intestine (100, Derhaps the * seleetive netion
of the intestingl cells way also play a part in preventing rapid
tartrate absorption.  In lmuan subjecls, Poat (21) was unable
to obtain evidence of allumtinuria or enst formation after giving
medicial chwes of Rochelle salts 10 nornal individuals, nore
eonld b derom=tate s agErivation of an et nepliitia
Collewwiing orsl tovtrne adiministratioi,
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In animals, the character of the diet has been said to alier
the degree of susceptibility., Thus Salant and his assoviates
(25), (26), (27) report that earrot-ferd rabbits are more resistant
ta tartrates than are similar apimals living upon oats and hay.
Probably thiz observation may be explained on the basiz of the
earliet findinge of Underhill. Wells, and Goldachmidt (36, namely,
that alkaliss exert 4 beneficial action upon the exeretory power
of the tartrate-nephritic kidney. Careots yield a decidedly
basic ash while oats econtain a preponderance of aeld-forming
elements,

All four of the iartaric acids are markedly toxie. Chabrié
(6! regarded the levo variety sz most toxis, and the inactive
tepsr, with the dextro and racemir forms occupving intermediate
pozitinna.  Aore vecent studies indieata that there are no de-
cided differences in actinrm of the four isomeric forms (ef. Zalant
and Smith (23, and Tnderhill, Wells, and Goldsehmids {367 ).

Apparently tartrates are oxidized in the animal organism
ondy with great difficuliy. but Neuberg and Sanevoski (17,
contrary 1o the opinion of Brion (3}, were unable to demonsirate
any diffe; enees iu this regard between the dextra, levo, and racemie
detdz.  Tmasmuch 2z such studies were bused upon the sssumption
that all unrecoverad tartrate had been oxidized, the results are
untrustwarthy, sines the tartrate-nephritie animal has donbtjées
lost the power of 1artrate excerarion (300,

The fiterature eontains procicaily no imformuaion eoncerning
the effects of malie and suecinie acids upon renal netivity,
Wise 3% conchinded from experhments upon rabbita and eats
that the subrutanenus injection of apdivm l-nualate. i amonts
not exceeding 1 gram per kilo. wag not followed by uephritia,
Hiz deduction wns based upon tests of the urines for albanin.
Both the dextro mud levo madic acids, a2 well a3 zueeinie arid.
are said fo be oxidized in the animal hody (ef, Pobl 200, and
Obra D18Y. OF the malic acids, 1he Horm is apparently nwore
easily destroyed thean is ite isomer (A9, Ringer, Frankel and
Jonas 1230 found that Loth sueeinie and matie acids yield extran
ghreose in phlovhizinized dogs, ‘Chese authors do not state
whether the inalie acii employed was the lovo or racemic forn.
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EXPERIMENTAL

In each experiment one or more samples of blood were sub-
mitted to analysis before the administration of the acid, in order -
to determine the normal proportions of the blood ingredients.
The acids were always exactly neutralized by the addition of the
raleulated guuntity of sodiumn carbonate, and were administered
subeutaneously. The blood was analyzed at stated intervals
after the injection, and the rensal function was further tested by
the phenolsulphonephthalein test of Geraghty and Rowntree
i12;. In the latter, the dve was sdministered intramuscularty,
and the urines were collected in two periods of seventy and sixty
minutes respectively by gentle abdominal pressure. Rabbits -
were employed a3 the experimentul animals throughout. Unless
otherwise stated, the blaod swmples were alwnys obtained from
the ruarginal ear veins. Each animal was allowed to fast for
the duration of the experiment in order to avuid the possible
influence of food eonsumption upon bloed composition, and upon
the toxicity of the acid in question.

The non-protein uitrogen, ures, and creatinine were deter
mined by the Folin-Wu procedures (101, sugar by the moadified
methed of the sine authors (113, chlorides by the Whitelomn
method (38}, and cholesters] by the method of Autenrieth and
Funk as deseribed by Polin 9. In the slugle experiment
in which the urines were analvzed, 1otul nitrogen wis estimiled
by the Kjeldahl-Guuning procedure after removal of protein,
and chlorides by the Volhnrd-Arnold method.

A descriptivn of the weids emploved is given helow.,

d-tartaric aeid . A beautifully ervstalline nroparation seevred from
e Hain,  Melting puini, 165 (o 166°C.: tiroretienl, 168% 1o 170°0

d-tartaric weld 11 Prepaced by recrystallizing seid | from hot water,
filtering, and wushing witle alechol and sther, Melting point, 108° to
L30°0Y; theotetical, 168% (o 170

df-tmalfe aefd 20 A eheweally pure” preparation having o vory
glight groy eodor, Tests for the presonee of vaalic aeid wore vulieely
negative. Melting paint, 1277 10 157050 thearelical. TP Lo Lk,

el acid o Besstifully srvatalline caladbess repuuend bon giving
absodutely no test for oxalic aeid, Meliigg puint nut determinet.
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Succinie eeid §. A wnow-white product ohtained by recrystallizing
# cotnmercial preparation. Gave nou test for oxalic acid. Melting
point, 185°C.; theoreticut, 15°C. '

Suteinic acid 14. A white crystalline preparation.  Wax used with-
aut previcus recrvetallization, Gave absolutely no test for uxalie acid,
Melting point, 185°C. ; theoretiog!, 185°C.
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urtne containing 3 per ceat dres iot s, ROy eent,
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Urine coRtaining o1 per sont dye, toral, I8 paet eod

Cosd prpertaeentas ln oonder 1o determine the infivenece
upen bBliwd compesition of the experinemial proeedures -inani-
tion amd the puwlernte hoenorthage incidentsl 1o the daily s
moval of smples of bl lor anslesis several control experi-
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ments were earried out. These were conducted in the same
manner a& the other experimeants with the exception that nv
acid wae administered. The results of two such controls are
symmarized in tables 1 apd 2. Cholesterol and ohlorides pro-
gressively inoreased, the latter especially in the experiment out-

TARLE T
Centeal Experiment

Babhit 4, male, 1670 grams
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ool : | Water ad lib,, but no food
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: ! | I i p.ul., rﬁuﬂ.l tent

Alarch 27 ... | : -IT-’.-ii 1 o3 bl Toee Blood

March 2%, ... P 46,0 1.5 'I].En-i B30 a7 oee blood .

March 2 ., CRTY AL .37 00 o, 7 ooe Deod, 30 am, renal
o : Do tem

Mareh 30 ..., . R - A 0.62 100 pm., 7 er. blomd

Mateh 31,0 &) D 1.5 064 950 am, B oee, Bload  Poib a.m., renal
Do ! | test. L0 po, animal guite wesk,
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: : i ) v i oweata aned hay, sad contimed gntii
i i ! C April a

April Koo : 4[ ¥ 1 1 U B3 %3 am "R ee bloodd, Body weight,

: | PO prome. Fxperinent disesntintield
* Fizat pericd, 6 ec. urine containing 4 per cent dve; second period, 4 ce. urine
contfining H per vent Jye) totnl, 79 per sent.
t First period. 1 co. urine eontaining 59 per cpnt die; aecond }-nnnd 2 ce,
uring containing 13 per cent ve; total, 51 per coot.
b Firwt pevind, 12 ce. urine containing 69 pee cont dye; seeomd pericd, 10 cc.
uTine vontminig 1% per eont Jye; total, 87 por eent,

lined in table 2. Iu rabbit 3 {table 1), the sugar and nittogenous
components of (he blood remined quite constant,  In maost
experiments, however, the non-protein mitrogen values ahowed
prancnnesd Wcreases atles the first few bhiva ol the fustz. Typieal
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results of this kind ure presented in table 2, As will be obeerved,
the non-protein nitrogen rose to rmore than %0 mgm. on the fifth
day. That this was not due to the develupment of & spuntaneous
nephritis is indicated by the phenolsulphonephthalein tests, the
normal values for blood ereatinine, and the retum to normal of
the non-protein nitrogen after feeding the animel for u few days.
Similar results have been cbiained in several other controls.
Evidently the rise in non-protein nitrogen is assoeciated with
the increased protein cataholism induced by fasting. As might
beé expected, the period oi time necessary for an inerease 1o
occur is variable, and depends upen the nutritive condition of the
anitnal at the beginning of the experiment. In exceptional cases,
a week or more may elapse, while in other animegls three or four
days may be sufficient to oceseion distinet effects.

These facts nust alwavs be taken into account in interpreting
experitnental dara obtained with moderately toxic ar non-toxie
sgbstances. It is uoteworthr that in all of our controls, the
creatinine remained uuaffected. as did the phenclsulphone-
phthaleine limination. Variationz of 8 to 10 per cent in dye re-
covery are not te be regarded as indicative of alterations in rensl
peaneability. inasmuch as the small volumes of urine secreted.
in rabbite during the #ixty- and seventy-minute pericds can not
be quantitatively preased from the bladders,

The norml values for non-protein nitrogen and urea nirrogen
in rabbits are almost double the quantities of these compuonents
present in human blaod. Moreaver, there appears to be mueh
wider individual variations in different rabbits, and in the same
rabbit at ditferent tines, than are observed in men. It is thus
necessary to deterpyine the “pormal™ for each animal before
administeving the acid to be tested.

Tacarie asid,  In rablea 3 to 4§ igelusive are presented data
obtained after the subenfnneoiis administration of d-tartaric
arid ns itz soediom salt, As will be observed, not only did the
non-protein, nitrogen and urea of the blond markedly inerease,
A wus previously ahown by Iorsner and Tienis 14y, Tagt the
quatitities of creativine, sugar. il cholester! alze nuniiested
eparinots increanents.  Chlerides. ot e eonteaey, eenerally
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showed decrenses in araount.  On the lust doy of the experimuent
with rabbit 19 (lable 4;, the chlorides increased above the origl-
pal level. This ir doubtless to be aecvunted for by the fucet that
this animal had begun to recover froin the effects of the tartruie.
Rimilar regults have been ohzervel in mercuric chioride nephrosis
by Killian (15;. This suthor states that the bLlood chlorules
decrense during the period of severe nitrogen retention, and re-
turn to normal with recovery of the funetionsl capueity of the
kidoeys.

"The effect upon the phenolsulphonephikulein eliminution is
manifested in earh experiment. Following dezes of 0.3 to 1
gram of the tartrate, the dye excretion fell practically to zero,
In the experiments in which the animuls manifested a tensiency

'rto recover from the tartrate (cf. tables 4 and 6,, the creatinine -
was the first bloud eomponent to show a decrease in quantity,
This iz in neeord with the well-known observation of Myers,
Fine, and Lough : 16 that creatinine iz the easiest of the nitroge-
nous waste products fo7 the kidoevs to excvete, It is intercsting
to observe that whenever the creatinine decrezsed in amoum
the phenolsulphopephrhalein elimipation rose.

In the aingle experimien: in which the wrines were analyzed
(table 6, the offect of the rartrate adminisiration s eleardy seen
i the total nitregen figures. The comparsiively emall duose
of .25 gram of d-tartaric acid led o 2 sl in outpur of total

irrogen to 31 mgra. per doy. Wiih recovery. the nitrogen
excretion promptly rose. but for several days did uot keep pace
with the tendency for 1l ron-protein nitrogen of the blood to
increnae, Thuog there wiaz ne marked diminution i the latter
usntil the tofal mitrogen of the wiine had renched the high value
ai 1.0M7 grams per day.

The experiment in table G iz interesting from snother point
of view. s will be vhserved, the adodnistration of 2 secowud
doge of 025 gram of d-tartarie acid following partial recovery
froan the first sdminietrarion, faited to induee us marked effecta
as did the initiaf injeetion. We have chtuined sunilar Jata o
pevern] other expeviments.  These pesulis eorroborate 1he findings
of Potter and Bell 22, aod Solant and Swapson 250 to the
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effect. that rabhbits uwequire a tolersance for inrturie acid. We

shall refer to thia uspeet of the problem b a subseruent

eotmmutiiontion,

Malic acid. In tablers ¥ and 8 are shown the result: of two.

experimente with l-malic acid snd two with dl-malie acid re-
sppeetively.  In the case of the former, ouly non-protein nitrogen
und chloyides were determined, The eferts of the levo meid
are exceedingly slight, or indeed negligible us far 28 the hiood
picture iz concerned. In each caze following the admimdetration
of the geid, there was apparently a slight decrease in the raie of
elimination of phenolsulphonephthalein although the total cut-
pat did not becorme subnorinsl.  Whether this is 16 be interpreted
ag indicative of temiporary tenal injwry s guestionghle, « We
are ineclined to helieve that it does nof represent nephropathis
action. Probably the apparent decreases in dye ehminatich
may be assrciated with the wousually high “pormls™ for these
animals of 56 and 93 per cent respectively. The excrecion duving
the first seveénty minutes Is in each cage as large as the “normals "
for most of the other animals, -

Coutrary to our expectationg. dl-malic acld appeared to exert
slightly moare influence than did the levo compound upou remal
aetivity., Boih rabbitz 4 and 5 iable 5, especially the latter,
showed appreciabie inereazes In non-protein nitrogen, as weil o
decrenzesz in the refe of phepolsulphonephtbpdein elimination,
The less marked efdects upon blowd composition i mbbit 3
are probaliy to be explained by the faet rhat the first duse of the
acid was ondy 1 gram. and tetdded to increxse the ruleranee of
the aninwml, so that sub:equent injections failed io oceasion
decided changea. Whenever we have sdministered large amounts
(3 grams per day) of dl-malic ald in animals which have not
previously received a amaller injection, we have never [nited to
obiain distinet inereages in the non-protein nitrogen of the blond.
In none of sur malie avid experingents, however, has the kidney
injury been sulliciently extensive to oeeasion au appregiable rise
in blood ereniinine. In oue experiment, the details of whiel
are amittid, & eabbit wae given doses of dl-malic acld exuetly
equat 10, and ot the saome relative times as those emploved in

e el 40 e oo brrwdewam—— m e e L o= aane o a. . . -



TARTALIL, MALIL AND SUCCINIG ACIDS 11
rubbit %, Four bours alter the last ifjection, the animal
wus killed, and the kidneys were examined miermscopicatly.?
The examinualion shtwod g rather marked exeess of Lloed with
sinall areaw of hemmorrhage in ihe cortex, a limited dopeneruiion
of 1he tubular epithelivm, and ohiiteration of sume of the glo-
merular spaces.  In view of the histological and chemical findings,
it appenars thut dl-malic acld is slightly nephropathic to rabbits,
Tomita {30) found that following the injection of «ll-malic aeid
in rabbits andl dogs, the dextro form eould be recovered from
the urine. He eonclurded that l-maliv aeid is more easity destroyed
than is ite igomer, Dakin (7) has shown that when the sodium
galt of dl-malie scid is subjerted to the action of musele anzymes,
the specific rotaiion of the residual malie acid beeomes progres-
sively dextto-rotatory. This he aseribes tu the preferentinl
conversion of the levo component of inactive malic ackl into
furnuric acid. These observations, together with ow ownp re-
sults, make it seem probable that, if dl-malie acid is indeed
nephropathie, the dexiro isomer is the arctive agent. Owing
to the diffienity of preparing d-malie acid, we have heen unable
to aecure sufficient amounts to fest ite renal-toxic action.? .

Sucetnie aeid.  In table 9 are shown the results of two {ypienl
experiments with suceinic aeid.  Despite the faet that unusuatly
large doses of this subsiance were administered, no effects
upen bleod composition or dye excretion were observed. - Not
gven the rafe of elimination of phenolsulphonephthalein showed
3 change. Certuinly suecinié acid i= not o nephropatbie agent.
Battelll und Stern 41, and Einbeck (8 have shown ihint musele
extracts transfornt suceinke actd into malic seid, probably throogh
the inlermedinte stage of fwnaarie acith.  In both papers the malic
acid iz 2aid to be the optieally mactive foru.,  IF this were eor-
reet, and represented the nomial method of exidation of suecinie
avid, one would expeet the administration ol the Iatter to be ol

1 The athor i indelsted o Teafvszar eoey Thevuee of the Svboo] of Mol
v, Universivy of Pexag, for the histolugival examination.

£ I pevend paprer, Dabon tdour, Biol. €hes,, T2 Vi, T hoe provided 2 <im-
ple method of verodvitge fnaetive maliv avid fnfo 02 setive companent= I e
o Inke popgeindire, wa Jeope B seriaee eoctgely al-tesiie nebd toc e its wepbnepad e
et ion,
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Inwead by rona effeetz, sinee di-mnlic weid uppesre to be slightly
nephrapathie, It §s of interest, therefore, 10 ohserve that Dakin
(7) hay presented conelusive proof of the fact that only bmalie
weid results from the action of uscle enzyines on [umaric acid,
Hedice, d-malie acid would not arise in succinie aeid oxidation.
The probulde rdationship of suceinie, majie, ‘and fumarie seids
in the snimal drganism ey be indieated as follows (7):

Al-1rulie :mid—-H]-mmlIuI welid+ fumarie neidl
Ruerinic arid == fumaric aeil = 1-malic eeid

Cur dutn are thus entirely i aceord with the interesting ohser-
vatibn of Dakin,

hiSCTSEI0ON

"The experiments outlined above emphasize the foet that tar-
trates are exceedingly violent nephrupathic agents. Concern-
ing their mode of aetion, the literature contains very little in-
foowation. Umnieds and Binger (31) expressed the opiuion that
the effects fullowing tarirate adininistration are due to precipita-
tlom ia the convolated tubales of the relarively insoluble ealiiom
partrate, reaulting in eonplete destruction of the renal cells. s
frras one mny judge fron the bitel report available, the authois’
eonclusions webe Lused upon the indiveet evidence thar oxakle
actd provhaces o tubulae wephritiz accompanied by clogging ol
the tubtles with ervstals of eateim oxalate,  Oun the other and,
Sjapson 200 belleves that ealeldns precipitadion = profably
ot o factor in the etiology of trteate nephritis. Sadant (240

* Eist poriod. S s wriee oo tpining Teper eeut e seeund poriosd, bee, e
el Bing 18 P el dye s Total, 55 e oo nt,

F et pwrso, 3 oe uraoe contaioug Thpst e dve D seeond perisd, -1 ee, urine
EOREATRNE W T et g T Dokad, S8 per eond

2 Fuat prerond, Whee. urime eootedndng T per eonk Jye; wecwiis) periost, 7 oe, urine
canEaining ¥ pee et dves tatal, 83 per rent. )

§ e experitocnt upen gebldt 33 wos made Ly A LosSells, furmerdy Seadanamld
bk Pl aiolvgieat Clhemistey, Voiversity of Hgwis,

A Eirgt gerind, Soew, ueine condninieg GF poer et dye ;s pecnmd perenl, S arue
cantninugg 1 per cend Jye; Lal, TS5 puep cont

A Firsl 1-L-i'imi_, Bhoodt prine eopul anming v per cent ul}_.'vj,m'u.'nlnl prerivud, S e wrine
cortd Al U per eent v taial, TS ot eond.

O liest poried, Fer, Utites eondpinigg 52 pee e Jee ) gecwnd pociod, T e, trime
euntatg 82 per cont o tatal, V1w eead.
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meports that the adininistration of ealeiuen chloride counteracts
the effect of tartrate on the heart and blood prewsure. In a
later communication, Halant and Swanson (28) present the re.
suity of comparative studies of the actinn of tartratea, citrates,
und oxalates. Having observed that tartrate administiation
may lend to the development of a tolerance in rebhits, while
citrate and okalate are cumulative in effect, the authors state
that “the diffevent behuvior of tartrate, citrate, and oxalate as
regurds tolerance and eumulation is beld to be upnfzvoruble to
the theory which assumes that the physiologieal effects of their -
aeids and eofuble salts are due to celeium precipitation, or to
the transformarion of Jonic caleium into non-ienized culeiwu in
the cella.” Hara 113) believes thet the metion of tartiule,
citrate, und oxalate, i5 due not to their.ealeinm precipitating -
puwer per s, but to the disturbance which they indirectly pro-
duce in the balance of caleium and magneﬁmm iong,

In the cabe of the three aeids used by us in the above expm i-
ments, the cephivpathie action iz jnversely propuitioned to the
svjubilivies of their ealeiuny zajfts. This fact ae first led us to
helieve that the couception of Umeda and Ringer 31 wmiglht
be cayrect,  On the other hand, later observations with glutarie
acdd, whose caleium salt is fairdy soiuble. have served to convikee
uz that #f ealeiuu precipiiation plays a part, it is oot the wnly
favter invelved, We chall refer o this questicn i the jollow-
ing paper.

Onitring feoan further vonsideration the qumu o of the wadis
aprand? of tarteatog in manifesting nephropathickts, it is interest-
ing To obastve that the progressive renwival of the bydroxy] gronps
of tartarie acid (with the produetion of malie anl saveinic acids
respectively, is aecompanied by s simuftanecns decresse iu
renal-toxie action, We are unable to atate whether the prosence
of hydroaxl groups usunlly tends te inerease the wepliropuihic
actinn of dicarbexylic seids or not.  Resulis whick we will pre-

"sent in A Mmibequent paper imdicare thas someiimes s may by
the ease.  Om the other hand, it seema likely thas the veal factor
invelved is the influenee which hydroxviation exerts on the onsg
af exidation of the acid.  OF oggeinie compoads, the diftieadily
oxidizable o appiear more prone o memifest renal-iosie efieces,
Probably  empesinuds like suerinie ackd, which arme temdily
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burtierd in tha orgabistn, are disposed of rapidly by uxidation,
and with the doscs employed, do not reach the kidneys in appre-
clahle quuntities. But tartarie acid, which is slowly and ipcnm-
pletely oxidized, is pedtaps diﬂ,powtl of chiefly by excretion, and
during the scucse of its renwval from the body leads to injury
of thie remal opfls. If this tentative theory is correet, any altera-
tion in chemies! evnatitution which would result in & more m;nd_
axidation might be expected to diminish nephropathic properfies.
Conversely, shy etructural change which would render oxidation
more difcuil, might inereass renul-toxic action. We are endeavor-
ing to teet this point st the present time.

TORCLUBHING

1, The subcutuneous ndminietration to rabbits of doses of
of 0.25 to 1 gruth of d-tartaric acid as its sodium salt cceasions
enormous incredses in non-protein nitrogen, urea, creatinine,
sugar, rned thulesterol of the blood, accompanied by dimiuished
eXcretion of total nitrogen in the urine. The blood chlorides
show digtinet deeresses in amonnts, and the phenolsulphonephi- -
thalein eliraination may drgp to zero. With recovery of renal
funcviog, the chlordes tend to veturu to hormal.

2, l-malir acid g practieslly non-toxie, and di-malic acid exerts
only slight cffeetd upon renal exeretion, Folluwing parenteral
administration of does of 2 1o 3 grams of inhetive malic acid,
mmlerale inereages may oceur in total nm-protein nitrogen of
the Dlosd, but the ereatinine values remain unafiected. The
rate of oliminaion of pienolsulphoncphthalein diminishes. aund
the total output (or the two periods ey be shghtly doereased.
Theae data, together with the histelogiea! fndings, are interpreted
ne indieating that dalic aeid i atight!y nephropathic to rabbits,

1 #oevide aeid nodosex of 4 gos, 3 non-nepliropathic to
rahbils,

4. 1t i3 augwested that the renal-foxie wetion of eertain acids
is axsociated with their glow or incomplete oxidation in the body.
Rewlily oxidizable anbstanees are probably burned to carbaon
divxhle and water withoit exeving detrimental renal effecis,
Arids whieh are oxidized with ditfiente may be disposed of by
exveelion voly. - In the comme of (he body s offorls (o eluuinate
thenn, dimiage to the Ridoey colls oy resnlt,
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Note an plycogen formation from Suceinie acid,
by Richard Stochr

Fecding tents with Nasecetate (1), which have the question of
the metabolism of ncetid aeld in scarbohydrate a3z the theme, were the
motive Tor the present short communicationy and in keeping with the
Wieland-Thunbergeschen dahydration thebdbry, zlycogen farmation from
acetie aeid® must proceed throwrh sudeeinig.acid, fumaric acid, malic
acld, exalodcetio acid and pyruvie aeld (2}, which have been shown n
animal eéxperiments to be pglycogen formers f3); in this connection it
is of intérest tc us to determine €4 what extent feeding of sureinic
%gid is capable of producing ar increase in the glycogen content of the

ver, :
Succinic acid was firat demeonstrated in mugcle by Einbeck {4); in the
literature there are testa on ite origin from acetic aclid in vitro
(3), in fungi (6), and with {a&st (7} with more highly organized
creatures, proof of itz origin by this route is yet missing; Toermiessen
and Brinkmann {8) found no foermation of succinic aseid with perfusion
of musele with acetic acid; decerding to Ringer, Frankel and Jonae (9),
guccinic acid led to the #xcretion of exira gugar by phlorhiziniked
animale; while our own tests were already in pregreas, Ponaford mand
Smedley-Maclean (10) reported en an inéreased glycegen formation in
the liver of ratz which had r'ecelved a carbohydrate«poor diet with
supplemsents of suceinic adcldes, .

Suceinic acid oan arisge in organismg also by othér routes: thus
Tognniesgen and Brinkmann {8) obscived its appearance by the perfusion
of muscle with pyruvic¢ acid; further, various considerations and in
vitro tests by Mueller{11), $pive (12}, Clutterbuck and Raper (13) and
Smedley-Maclean and Pearce (i%) do not allow the exclusion of the
aggumption of the Tormation of suecinic acid by a delta-oxidation of
fatty aclids. .

Qur own tests on young, fasting, male rats resulted, after feed-
ing of 0,15 g of suscinic acdd, in a strong increase in liver glyeogen
{0,909 £% per 100 g livar compardd to 0,152 g% for the controls) and
thereby confirmed the resulte of Ponsford and Smedley-Maclean which
had been obiained under other teéest econditions,

_ Exporimental

A, Methoed. The succinic acid wee dissolved in 2.5 ml Hs0 for the
feeding and was neutraliged with the calculatzd quantity of ﬁagcng;
gacrifice of the animals and the determination of the liver glycoren
were tarried out aceording %o our sarlier reports {15): blood surar
agccording to Hagedorn~Jensen, .

B. Anilmal tests, The tesis weré carried out on young white or .
speckled male rats, which had been fasted 24 hours: the test duratisen
amounted to 4 hours; the urlne exéreted during the test period rescted
gtrongly alkaline, The following table shows the tests:



Table
Liver glycoren in Tagted yats & hours after feeding of 0.15 r of
aueeinie noeld (newtral lzod with Hazng;?p
14 coatrolsy 0,152 per 100 g liver
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Number
Pre-test périod
Protecol numbér -
weight after 24 hours of faptirg .
Welight lobw
Bldod sugar
Livdr glycogen pei 100 g liver
Remarks:
Spegkled rats
ite rate '
Averags )
Summary
6,15 £ succinic acid, Heutralised with NepCO4 caused a markaed
incresse in liver glydogen in yourg male rete 4 hours after feeding.
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% Az to the possibility of & cenversion of acetle acid in carbehydrate
to acetoscetic acid and subseguent coupling with methylglyoxal esee the
nrevious work,

*% Pumaric acid and melic aeld, after administration by these authors
under analogous conditlons, dk#e led to an lnereasie in liver glycogen.
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Evaduation of Avaiable Baurgy of ."Lli]:-hul.ic Chemicals by R;nts:::I

SF e

An Applicatim of ﬂum'tm} uf Energy (o .‘i‘"-"[{]l'mfahll"lt‘ Animat |

By Minom i'uamm Hardhiza kUMD and Ofomu SUzyiIY

Netivaa) Jewinelr bf Awimal Idustry, Ghiba-she
SFudid Prefectinnt dniviad Hesbond® Experiment Staiion

Reieived Jaruary 8, 197}

Bioarsy phocttdiure (o evalunte biologieally mvailalle encrgy of chemicals applicoble to
rals was entdblished, nid wenilable enckgy bf % cfcinicals was derermined and compared
wiih that cstimoicd by chicks previaudly, Rele can Giibze eoergy of propionic and bhutyric

- wehdt and wedbexyl propionate snd butyrie well, while chicks caunet.  Sueeinic acid, lawy]
sleohol and dilaury! suecinatr a1 355 dictery leved were avallable by mia, though at 0%
derel lnuryl dleohiol wad woric,  FBihyl Bciase, ﬂ-l:l;'i &nd decyl acctates and 1, 2-propanadiol
Ellanezic were availeble 3y Doth ruy and ehicks.  Avzilability of other § cpters intbuding
byl mecinale and cittaie war Low. A'ra.ilnbility‘ and digestibility of aldeliydes Ly rata

wire alwe luw.

Growk rr.'.ponse of chicks o aliplittic
chemicals reported praviously'* revealed some
difference between chicks and eafy in certain
¢hemicals, though most of the chomicals
available by chicks are also availible by wats.
Chicks Jooked like - lacking  the ahﬂit'ﬁr to

_ utilize propionic ‘aind huiyrie deids” The

Mndings were confirmed repentedly by using
hteri of these ncu:h with glyeols" and alco
hels.” Rots can wiilize these acids ur thejr
esters well," ahhough Oeaki” reportcd 1he
death of rais on heetic, butyric, eaprylic and
capric atids at the dictary bevel of 105
Chicks can wiilive lautyl and myeistyl aleos

A = e

1) M. Yoehida, . Lioshii smd L. howimoty,
Japor. Posltry Sci., 6, 75 (1968,

T M. Yarhida, It Mvrimina and ‘M. Oda, Apr.
Biol, Chem., 34, 1381 {1970},

5 M. Youhiday 510 Morjinote, %L Mol and H,
O, dbid., 34, 130A (5T,

1 ML ‘nmhul:l . Morilnsta, h'L Aatani ahtl R,
Oda, sdif., 3. 1313 (1970

3 AL ‘i'u:hidn, . Mocimate, pind K, Chia, ibid,
M, 1B 1R,

6 K. Ashida, private copnawdicition {I‘:ﬁ!l}.

B Joidaaki, Nippoa N wgeitegakn  Kaishi, d, 140
{1933,

hots*’ which ure toxic 1o rat5.”  These findings
Indicated the necessity of the divect comparison
of availabilities of chemiculs by chicks and
Tirts.

In the experiments with rats cited above,
growth response of mails to a sample was
comipared with that 10 control diet.  There-
fore, it is hard to compare the datn ohtained
by such a comparative feeding experiment
with those obtained by bionssay technique
with chicks. For example, Qwaki” prepared
a teat diet containing 5% ef lauric acid in
place of starch in the control dist, and fed
the same amount of each of the diets 1o the
test and contral groups of rats.  Average body
weight gain of 3 rils on Loll of the test and
control dicte for 50 days was the same, being
S4g. Omki deseribed that e nutrition
wilue of laurie acid was comparable with 1lint
of the contiol dicl. Mevertheless, the data
atgeested  ruther low availability of  kaurie
acid, only 40% (== 35278.75 0 1L Sinwe
calaric value of lwurie ackl and starel was

”H_} H I'-‘..[.i}'m:u.ki. Nippor Migeldnpalyy Noithe, 249,
M (Haah),



Ernlsatimfn of Avaibible Eregg of Aliphatk Cloomirids by Bits LTI

L7 aud 350 keal'g, respectively, Owaki®™
ved diet contiined higher fofrie vadue than
the controd clivt, withough Ttk of i dicis
cendaimed 1he e amoand of mdtrivnta. The
differesce o diclary  ealorie vitlloe  should
tefleet on (bt difference in growih n'!phm.t
of rats undér such an experitrentad conditv.
Therefore, bedy weight gain of rats ont the
text dier should by heavier thin 1kt on 1he
cortrel dict, if move than 4% of tln.tu.r}'
lauric neid be urilied by rais, ©zakit's Fnd-
ing of the xame lody welght giln Indicoled
oaly kow avaitnbily of laurie atld by ratn

Rven though the nuteitidial vidues of the test
ard control divis are eknetly the sume, the same
body weight giin of bath of the dikts ean be
bhtained enty By chance, considering rolatively
iarge Individual varlaticn tn biologtical ex-
perithent. \When grawik tesponse of rats on
the test diei i3 higher or lowed than thal osi
the coiiiral, the avaitability of enevgy in the
wihple can not be estithated by such a com-
pirative feeding csperiment with onfy one
contral diet,  For such an eédimution of
availability, at lenst 1wo control diets with
higher and lower tnergy lévels than shat of
the tesl diet are peceisary,

For the guantitative estimation, the ¢xperi-
menta! condikion should be sweh that the
reéspefivse of rads it in direct proportion b the
dictory energy lovel,

The optimmim edperimental mudlhoh aui-
wble to the bioassmy profedure o estimate
avaflable encrgy of chemicals by rats was
exarmined and the procedure of mini-1est for
chicks described previously” wei hpplicd o
ral.  In this paper, the avhilable  Encrgy of
¥ ramples wijt determined by (his bionssay
i:rbcnduﬂ- with ratd and canpured dircelly

. with thot estmated by chicks™ "

' EXPERIXIENTAL

Bisapsay ,‘-Mﬂ'i'uu. Preliminary tesin revealeld thm -

9] M. Yoshids and 11 Murimola; Apr. Biel, Ctess,
M, GHE (0.

bealy weight gain of male weanling s pespaaad
Ynearly with 1he chanee B Ghrtary coerpy feeel of
the atandard divts prepared  fur startiog hicks in
mind-feat®  The pespubise of male ate o e chasee
in dteiary vocrgy Jevel was mach more flaep o
that ef female rats, and the fraponse of baly welple
gain 16 1he dietary coergy lewel was aleeady ke o
6th day on the dicts. Pased b these prolimideoes
fimdingr, 1he fallowing bieassay procedure was albopred
&t the stamdard procedure in this paper.

Maie wranling allino rats of Wister strain of wleue
50 to GAg bady weight were purchased and etlvided
tnto low of 4 ratz sack with uniform average body
wight a1 far a3 pouible.  Each lot was cearctd inea
age with wire-net floor with free necess 1p water.
Dajly supply of feed war 30 adjusted according 1o
apperite of ratls that most of the lots ook the same
atoutil of feed for 12 <ays, cxeept there given ey-
perimental diet of low palatabiliy,  Daily feed suppdy
of 1heae diets of fow palatability was 5o adjusted 1ha
the raly tonk mast of the diet within M hr, Anount
&l feed consamed by the rats wha leit part of fred
iy mopueed cvéry day by gubtracting the nmeunt
af feed h in the feed eup from the amount of Ffeed
arpplied.  Individual body weight was measured al
bt beginning and every & daya

Test maierial.  All af ihe sample (ested were the

" fsat ak waet previously io Runi-teals Ly ehicksi~E

Cymparitien of diet.  The gomposition of standard
and et dicts way exmelly 1he same as mientioned
previousiy.®  The law encvgy standard diet, design-
ated 85 KO0 diet, consisted of the fullowings: curn
unrch, 25.89;, wybean ¢il, 2.07%; protzin mixture,
ﬂnb,p, ctllulnee, 22,020 mincral misture, 4.1% and
vitamin mipplement, 115, Four ar 85 of collulose
i 50-0 diet was replaced by suyboan @il in poepars
medivm and high tnecgy Sandard diree, designned
804 and 508, resprerively.  Five pereent of orluloae
i S0 diet was eeplaced by fest material 1o pregare
fest dict in 1he standard biozssay procedure,  For
evhatuntion of nukritivnal value of laury] an:dl niveisiel
alcchaly, 10% of ccllulose wan alse replaced W repare
the (o3 dicts.  All of the standand and st wicts were
peeparoed just before Al beginning of Lhe assay, buoepl
the teal dhicts containing velatile somples seel as aedic
el Tur these wobunibe samples, a deeal eier was
prepared which lud fle sine Somposioon aa 5030
Aicly except 575 of collulese aaatied an e Ieeal ddic.
Five parts of o velatile wample was mixed with 83



7% M. Yositim, M. lkegmb and €1 Stzyk

ety f the basal alict every sy gt tefure fending
to the Frdv.  Fhe prooedun dak o dinioiiee 1he by
ol st sahpl: by beapoating.  The ot of samgle
Somt vy cvnpration duriog T e was demtmioed W
dewtiledd foter, AL of the dicts werd o M ml
farm. C B

Calewtation of avxiteble evergy, avdmubliicy ind paletas
MEiy (mfer.  Alhwugh ﬁ::ﬂ intake of the Jote bf raix
Ml 1 sarninnl dicks s fnomd of 1He fespe dicys wai
exatily ilie sarke in tie proceduic imewtisied Blat,
oy weight gain ped 100 g fecd takew wis cateulnred
i vecd Molinfest tegremion analydsn, The prects
dure parvially tompeasicd the Siffcrenck ih growtk
#aponee oh o simplo due 15 Yow palifabiltiy. The
watelblativn of avsilable erergy in the suridied  pénces
dure of Yiszisay was duchitelly the sab s doseribed
meriatly with chicks®  Followlag Eajustion 1 wi
inchicrd From the duts @ (he itansiurd didug

FmapdX {13

whore X b diclary Yeved (55) of soylean oil meed in
plate of setlulost, 7 1 hody weight galn pir 1t g
feed, ard a and b are ihe desistenitd  Amout of
swybienh ol corrsupoindiig te 0 fhingle In th vest dict
tan bs calhnatdd by feplacing ¥ in ot | with
grewtl rcsponse of fis e the fell et Sinee di
gaitle wiergy of yoybind ol wap iumulw W b
WIS healfy amd dielkty devel CAL R mixierisl in
thi stusanl pricslire of thin bluamsy ws bheutint
st o5, aviilable eriergy of » dmpl, # beally, chh

o e emsimiatod by the Tobiowing Equatida 3,

w2 9.25.0/55 ) 85X (2}

In the wandard procedure of the bisdsay, it 1 fon-
teitient 10 wse Lyuatich 3 jnntdnd of Equation |.

J:.*Il-l-ﬁﬂﬂ.-:ii-l'r )

where ¥, 8 und & nie o din ﬂquf:i:;ﬂ I, a.is availabde -

soergy ol e sample, beal g, nwa ¥ B0 pEw cim-
waal. dn this Eggonidn 3, covalwed of the § goandaitt
ibetd, SO, 5O gnd SOLE, cuntuining 0, § bl By
of soylicun eil, péspoetively, Are cstionaicd 1w b €,
T 0.3 0450 andd 1.0 (02558 kealg sumple,
meapRitively,

Canfidrge jmerval of ai'ml.«lﬂ: tutrgt ni (I YR
Jowel emin b caloulatid Twy hﬂ‘hﬂg qum tor 2o

T8 e the previeur gape digivs of freviom
wrere shown ecroiicusdy ay Ni-l,

A o
FETTR SN ST S 7’ W 370 FO L S

where x it cnlovle valuwe of the rample, » is prowlh
kapiise of faly, nnd a aml & are the constzus;
fn gy is tvalue at &% lovel with w—2 degroes of
Wl oy o 18 devintiea Croih regression; moand p
afe dunber of grodps on e sandard aned o8 dicts,
respeetively; end & and £, are nrean ond sune of
squater of & on the standard diets, reapestively,

Availabitity was ealculeled Ly dividing availible .
edrgy of Lthe sample by I gross éncrgy and rnultl-
phying:by 100.

Pulnihbilicy index of the eest diet was calculatetd by
divﬁdmg overagt imake of the ten dbey by sverage
intakt of S0-4 dict and multiplying by 100, Since
supply of feed waor adjusied o1 mentioned alwove,
paluability index of moal of the zampler tested was
190, In the preliminary vt before the aranddard
procedure mentidned abore had been extablished, ol
of the ri1s were led od fibitum. Thevcloce, pa'laml.i'ili:y
badex of & zamples remted by this procedure was
slighly different from 108, Thess samples are shown
b MMe of Taple IL.

Détermibction of digepibifity.  When the cimuliane-
wits dettdmination of digenibility war intended in a
blesrnay, B.0527 of chromic oxide wos mixed In all
of fhe vasdard and wemt dieta, and feees being not
edntaminuted by wtine for optional 2 daya in the
Jatter Ball of the ssperimentil period wis collecied
#l wize net placed uneder the eage. Contentz of couds
fui’ bnd thromie pxide incihe dict and feces were
determintd and true digesnibility wes calcutacd as
wprtioned previpusly.® The proesdure was only ap-
plﬁd!l.blc 1¢ the non-wolatild pample woluble in c1ly]
ether, '

Brifomctioe of losz by svapbtation in (he dicd. Twenty.
giama of 5020 and iem dicts were prepancd and
placed tn animal rooim kept w1 20°0 for 24 hr
Weight of the samples lefore and alier the sierage
wat weighed exacily weing a chemical balkuice. To
stiupessale the weight change of e dicis by evapo-
rhtbon or abrorplion of mivistiee, lots of the sampke
i the test divt was cadewlawd by sulnraciiog (e
weight chnnge in 8O0 it o the chaogs in e
it divt. 1T lost of the saingle by vvaporation was
ghowd ny perventoge i the il nmownt of e

ataple, i 1 g,
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tial, Ariplignied fots of 4 rate t-‘lhh, whoed
inverage iiitial- bddr wélgh i from 5'#.5 o
580 g, wete fod i of 3 cxpeiimetal Mi.
3 strndned nbd B rene divtd, The rate o 1hé
standard diott dook 10395 of fowd per head
Hutiitg 15 doys o chperinseiital period. Linkur
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of Atiplirtic Clwmivitls by Kae oz

£ feed aodd dicluy cnergy level wos elear ais
shyrwer o g, 1 with Righly signilicont (P
001} corrclutivn coefficient, r=-0977, 13ighty
sgnificant correlation coelliviends  Tront (1577

rath reporied in thie paper. In Fig. 1) aaxis
was kcal of nvaflable chergy per g of simple
M in Equatiost 5, #0 that the available encrgy
of n sample could Lie véad dicectly fmtnj on
the sample.

In the t%] shown in Fig. !, % fauy acids
Were tested fov the nva:lnbﬂ:.w Regpomse of

" rats on the acids 4nd menns and confidence
_Intérvals of avaitable energy and availubility

_are shown in Table 1. As expected from
Bquation 4, the tonfidence interval was a
function of available encrgy. The closer was
the available tnergy th 7, i.e. 74 keal/g, the
narrower wiak the cenfidence interval. The
votifidence intérval of available energy in
Table 1 was narrower than that of the corre-
'ﬁﬁundmg interval estimated previously with
ehicks.” However, it should be pcdntcd out
that triplicated lot2 of rais were used in his
trial, while dupliented Jots of chicks were
usel in the proviens one®  Larger n and p
in Equation 4 vesulted in the narrower con-
fidence interval, Aetually no dilTerence was
observed in ihe acturacy of estimabion of
#vailoble energy between rats and chicks with
ihe same & and p. Since availability was the
ratio of availible energy to grosk. emergy,
eoafidénce interval of availability was a [unc-

TauLi i Kimbrwrirat lnﬁnmn’: o WATE 10 FATIV ACINE, AVAILARLE ENERGY, AVAILABILITY
Hu Tiul 837 mrmr.mm TRIERVAL

'\. (PR lead e, “ i * b e B vk bR R i e sim e e e e . -
_ H' wt. j,hh Av enirgy .&.ulfahllin
Fautby ncidy ﬁibh i Tame. 7T "
wray 9505 ﬂiﬂ’
ﬂ‘ n'ﬂ} Nican mﬁq}rnm ml-!'riri.l Mean mnﬁ.drhc: mtrrval .
kil ' Il hh‘t hral."s % o
Aeetie . N 6.3 - X 3.1--3.3 22 Gt . 3
Propleni +7 . A 7.8- 5.0 113 163- 3
siutyric 3.0 2h4 5.8 &1 3.3 L] HMO- 57
CaplyHie X 2.9 LR i2.9- 8.0 128 161 100
Lihtarbe B .3 0} %.1--2.3 8 35 _ 9%
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Fraleatine of denililde Brergy

thon of gross endigy ais dhown clbatty m ‘Tabke 1.

hita of bivtegicnt nisdy- '
eriergy, Aenifalile eoieney, Heaitbitity,
perkittibitivy index, diipeveibitivy mwchnt Hied
H-.u dior fos 6t lnmpkﬂ In ‘winks ord
wartred in “Fuekile it
ﬂﬁ'ﬂlh thet fhity’ ptitls tereesd, pmnit: e
huh'i-lt, cuprilic m?!:.nirit meids wiere utiized
well by mit  Avaikillitive of aceti¢ sind bric
milde wal uexproiedip low., ‘Though acerié
scid 5 volarile, 1oy of 14# adid by evaporation
i the dier during H bt was 2%, Kmoamt
of esjperimiental diet . suppliedl daliy wm i
abjisted thit st itiol all of the Wiet twithin
ﬂhf This medink ihit actind Wi of acetic
wn Ine leds fhurs 257,  THérefore, the
E neRe hhd By capriien might hot
the foin reasigit, of its appaend lew dvmlnn
bility, Lw parainbility of latmie ntid
decrense the budy weight gudh bf rat per II
g fed, rie ¢ielff wipplied throigh diet
wah firt utiticed Jir miadntcnancé of phytico
hgiesl serivity & ﬂm, se that the Pnrt of
dictary enclyy wibd for growih should be
Hikkch h-m- than mLéupmd Tropt palnine
bility. . ‘This i one of Be beasohis ol
mé!#u:udhr Jow! Hﬁaihﬂihw of nuric neid.
Sudcinkd acid wai well aiilized by ran,
a:Menyl and Bwidl lcobols weére wtilized well
at dieiary Jeval; of 3%, hnd wdecyt hnd
stearyt aleodole partidlly, a-Oibryl, miyristyl
wnd betyd slechels. were ki ab dietary level
urs i AN of the rat tn cetyl aliohel divd
12 daysi M1 diethey fedel of 10%,
lmll_i o ladkic anl mytisty! Weohols weve
ot Al of dhe sbs of Il foriser dicd
ﬁﬂnﬁ 12 diys did ihose sa the Intier Within

ﬂml‘.‘lldui mti tesic nml dineetone wltahel
depressid  boity. welght gain  remarkibly,
Huwing free r.ii‘hhns*l Tuncrine, Yhemt coms
pounchy ckcininty cengted with Bdiel' nlitricaty
In the diat -r: distiboot] previousty pn the dita
with hijghs. l}liluhwh!l with coifibn chain
sgual W or longer ihan B rodid be parlisiily

of :i'ﬁpliﬂﬂr Cicimin s by Mata . bl

“utilized Ly s, Pamapectabledbyde aml acenil,

with mysked curbonyl fanction, were purtially
avail: d.l_l’p, although the awviidability was esii-
mated lo Lo less than 30%.  Paraprogsions -
allitrhﬂllt dipressed growth rate signifoaaly.

In marked contensty availabilisy of ethyl

 Sattnke was extrensely high, while availubility

bf diethy! succinate asd \rikthyl citreie was
heguive. The tais on the latler 1wo estory
lomt tody weight during initial 6 days, and -
thé gaiv in ladter hilf of expérimental peried
Was only ¢dual o or evén less than thal od-
sthindfind SO0 diet. _
Afmoig 5 dceldids tested, those of xleohol
imbizty having long earben chain of & and 10
were available by rat.  Availability of ihe
acetates of alevhol htoitty having sheftes
¢arbon chain than B decreased in paralled with
the fterease of cachon thain length: B
mHexyl esters of facty acid moiety hﬂmg
fohiger carbon chain than 2 were availhble,
thelagh slight!y fow availability of isovilerate
iy daggest the bower aviilability of {se-type
faty acid than that of wtype,  n-lfexdi .
focitate and acelnte were both av ailalle.onty”
gariially, .
- Ditauryl succisate and 1,2-propanediol di-
faurate were both avuilibie by rat,

IHSCLIASION

Af diseussed previousty, one of the purpose
ol $he ¢xperimenty rcpnrlcd b this paper was
lo reemtttiine the previous reports™™ an the
nulfiiionil value of ¥elutile Tty acids by
brite, and 10 campare the ability of fals 16
ubilive them witk that of chicks. For oo
venicnat of compariton, avaitability of encriy
in the cllcm;c s By chicks®™ is shown in
parenthieses in Tuble 11, 0 that the avaita
triitios of » sompound by chicks and by s
dgan be dircctly eoposed, It is clear thas
rats van ulilize energy in propionic and #-
atyric acidd will, while chicks ein e,
Availability of whexyl propionae and rebuity-
vike By raie iy alsa Mgher than that by chicks,
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Uneapecledly low availalility of fiee acelic
acid % havd o aneerstined, thoverly e finding
sugrests e physiclogien! efect of free wectic
acitl other e caliie value, 'The suggestion
may be supporied Dy ahe previous findings™
et aguecus solution (10571 of acelic acid
il bnte the creps ol ehicks killed a clnek
out of | and depressed palivabiliey of 1he diet.

Combining the data ghewn 1o Table 11 and
these obtwinal by Ashida,®™ it s expeeted that
rats liwve ability 1o utilize dictary (ree oty
aciils of corban chain length fram 3 1o 10,
including those of odd uumbers.

Levw avaibablility of free lnuric acid, though
s digestibility by mats wag excellent, may be
dus to its acidity as discussed abready by
Crzaki,” or may be due to some {rritating
elfect ot the gastro-iniestingd lract as poinled
oul by Renner amd ILE' Derivatives of
laurvic acid, such as sodium salt, methyl and
ethyl esters and glveeride stimulated growth
of rats over that on the contrel dier.”  Laurte
of 1,2-prapanediol was highty available by bath
chicks smd rntz as shown in Table 1. [hese
findings suggest that derivatives of lauric and
other Taily acids may be one of the hopelul
groups for feedstulls of energy source, regard-
tess of aprreent low availalility of Tree Jauric
acid itself.

Succinic acid, as expected from its role in
triciwbosyvliic acid evele of carbohyddrate meta-
bolisin, was available by rats at 5% diclary
level, Llowever, its dizthyl ester was rather
injurious to rats.  Triethy! ecitele was also
injutious, while availability of ethyl lctare
was excrtbent. Availabilicy af dicthyl succinare
and imeyl elirate by chicks was unexpectedly
low, while that of cthy! lactale wox  salis-
faclary.”  As peinied out previowsly™ it is
hard o updersinnd  the fow availability of
ethyl esters of succinic and civic acids, since
both acid and aleohal moigties of these cseers
are expeetod availuble by both chicks auad

) .II',!-I .H. Kenower amd oW, LI f0 Aafr., T80 200
(19613,

rats.  Fhere must be some phiysiohsical fune-
ions in these osters other thae e wilore
value a5 pwinted onl above o oecase of frec
acelic and Lwrie acids,

Significantly higher availubility {20450 of
eyl Leliite thoa 1080% indicates the possibitine
of unidentificd growlh promoting efTect ovet
its calerie walue, as discussed previously.”
The likelihood of such an effect should he
confirmed by the lung-teem feeding experiment
with larger number of animals than those
used in this Lest, since the procedure of mini-
test sacrificed the accuracy of estimate portial-
ly as deseribed repeatediy.®™ " From the
author's experience on tong-term feeding ex-
periment  with chicks 1o eonfirm growth
promating effect of succinic acid suspecied by
mirti-tzst,' " it is rather likely that the apparent
high availability of ethyl hctate will be due
maindy to biological variation of the prowth
response of the rats in the test.

Partial avaibility of hexyl and steapvl aleo-
hols by rats and highly toxic effect of octvl,
mytisty] and cetyl alcohols were as expecied
from the paper of Miyazaki.” However, high
availability of lauryl aleohol at 5% dietary
level was unexpected.  Accordingly, inueyvl
and myristy] alcoliols were fed ot 10% level
as Miyazaki had tested. It was confumed
that both of them were toxic at this level.
Since dilowryl succinate was available by rots,
fauryl alechol and its devivatives might be one
ol the hepelul chemical groups as TeedsiufTs
for domestic mono-gastric gnimals, but the
hndings mentioned above suggest the necessity
of further studies for thelr practicnl use,

Tt has been pointed oul abesady by Geaki™
that ncetaldehyde i3 ool only non-toxic La
alse Bas considerable nutritional value 10 rats.
{lowevsr, availilality eof aceraldehyde estimared
by bioassay procedure was as low as 205,

The Ondings presenied in Table 11, a5 weli

12y B Yaosbido aned 110 Hosha, dge Mol €hem,
A5, MRt (1071 '

13] L CQueaki, Nippesn Sogribopeiu Kaishi, 3, 977
(1627
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as those observed witlh elicks™ sugmest miber
low possililily of aldeliveles 1o D wtilieed as
feedstalTs of enevgs souroc,

Combived eflcet of carlom chadn length of
alocliol and Tty acid meictics of esiers on
their aviilobility was olserved with mts again
L be similar 1o that pointed oot previeusly®™
with chicks. Available e-hexyl esters by s
were those af Fatty aeid moicly of earbon
chain lengih of 3 and aver,  Avaibalilities of
acutates decreased  with  deereasing carcbun
chain length ol aleshol moicly,  These fnd-
ings with 1ats arc quite agresalde with those
observerd with chicks,” excepl the avaitability
oF p-liexyl popionate by chicks whicll was
somewhat Jlow.  Loss of the csters by cvapa-
ration from the experimental dict during feed-
ing period was discussed in the previous paper®
as one of the rensons of apparently low
availability of these estors. However, winount
of 3 esters fost by evaporution during 24 hr
wis less than 4% as shown in Inble TL
Furtherimore, actunl loss of these esters woas
suspected 10 be much less thon those shown
in Table 1, s mentioned above in case of
{free acetic acad.  Therelore, the loss of the
esters by evaporation could nat e the main
reason of their low availubility by bath chicks
and hts. Bome unknown physiological fune-
tion other than cilorie value of thesc eosters
should be considered, which may or may 1
be related 1o those of diethy) succine and

tricthyl citeate,

Lincar relationship botween dictary energy
level and growil respoose wos confirmedt with
rats in this paper, as well as owith chicks"
and culves.™ These fineings somgust that the
rebitionship is cotntnon., However, it should
Le pointed out thal the relationship 15 curvi-
linear essentinlly a5 discussed previously on
the data by chicks.™ Such an curvilinear
relationship wos also ebserved in one of he
preliminacry  exprriments with rats Tor 1he
estalilishment of Lioassay procedurs.  There-
fore, it 15 most impertant for successul ap-
plicalton of bicassay 1o keep the range of
dietary energy level so narrow that the line-
arity of the standord curve i secured.  Sui-
table dietary Tevel of nutrients ocher ilen
energy source 12 also essential to securk the
linearity., Rnats were used in this papér to
estimate he possibility to utilize the chemicals
ug Teedstulls for swine, IT encugh ammounts
of samples be supplied, availability of the
chemicals could be estitnated directly by hio-
assay with pigs afar tke prafiminary trials are
conductied 1o estallish (e experimental con-
ditions,  Such a dircet bioassay with pigs is
most important before the practical use of the
hopeful chemnicals for swine feed.

147 M. Voshids, K. Osada, 5 Fujishira and R,
Crla, Agr. frel. Chert., 35, 393 {1871),

E5 AL Voshida, 11, Fleshii, K. Kosaka ond .
Alorhito, frpen. Pouffre Sei 3, B0 £10635L



