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IODINE AND [ODINE SALTS

Summary

Elemental lodine is classed as a rare element, occurring in the
earth's crust as about one part per 15 million; there are no natural
isotopes. The chief sources of iodine are Chilean Caliche (a nitrate-
bearing rock) and seaweed. Radioactive istopes of Todine have been
obtained from uranium fission, by proton bombardment of elemental
iodine, or by neutron irradiation of tellurium or xenon; the most
fami liar isotope widely used experimentally is 1131, a beta emitter
with a half-1ife of 8 days.

Cuprous iodide occurs in nature as the mineral "marshite," but
the discovery of iodine itself was incidental to the manufacture of
nitrates for gun powder from seaweed ash by Napoleon's scientists, in
the early nineteenth century. Seaweed and other marine forms had
been used strictly on an empirical basis since ancient times as a
treatment for goiter, long before iodine was known or the nature of
the disease understood. By the 1820's, iodine and the disease,
goiter had become inseparably associated; during the last thirty-five
years of the century, however, the use of iodine as a treatment for
~goiter fell into disrepute and was abandoned in favor of the germ-
theory popularized by Pasteur. The demonstration of the presence
of jodine in the thyroid gland in 1895 renewed the interest in
iodine therapy, and subsequent investigations revealed the thyroid
utilization of iodine in the production of the hormone thyroxine.
Only after microtechniques of sufficient refinement had evolved was
the study of human metabolism of iodine possible; the quantities of
iodine involved are minute, of the order of micrograms. G. M. Curtis
(64) in an excellent review of the history of "biologic iodine", the
human requirements and metabolism of iodine, cites the basal human
adult iodine reguirement as ranging from 44-75 micrograms daily - or
an average of about 1 microgram per kilogram of body welght. Optimally,
the daily requirement of ifodine for ordinary activities would range
between 100 and 200 micrograms daily. Thus, 200 micrograms should
satisfy the daily requirements, including some reserve iodine, for an
adult weighing 70 kilograms; this need would be more than amply supplied
by the daily use of iodized salt containing 0.01% Ki.

Information concerning the acute toxicity of iodine salts has
been largely acquired from the investigations of Webster et al. (399,
400, 398) who studied the effects of potassium and sodium iodates and
iodides in mice, guinea pigs and dogs. The degree of toxicity varies
with the salt, the manner in which it is administered and the condition
of the animal with regard to diet, as may be seen in the fable
presented in this monograph under. Biological Data, Acute Toxicity.
The iodates, potassium and sodium, given orally to fasted mice,
produced LD50's of 531 and 505 mg/kg body weight; the iodides similariy
administered showed LDsg's of 1862 and 1650 mg/kg. The iodates appeared
considerably more toxic than the iodides. Small doses of KlOz given
mice over a period of several months for a total dose of about 1231
mg/kg/day showed minimal toxic effects, due to an increased tolerance
for doses actually exceeding the single dose LD5p of about 1100 mg/kg
in animals not fasted. 'A comparable dose for a 70 kg human would
amount to 5-20 grams of KiOz given in a single day, a dose 14,000~
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56,000 times that of the daily iodine requirement for man. (NRC
recommended daily iodine allowance is 0.003 mg/kg body weight). Frey
(95) reported a case of a man who used an expectorant containing Kl
for about 10 years; calculations indicated that the man had ingested
more than 500 grams of Ki per year.

Little information is available regarding the toxicity in
animals of cuprous iodide, (Cuzl,, Lange: Cul, Merck). Oral doses of
2000 mg/kg given rats were not fatal; doses of 500 mg/kg produced no
ill effects according to studies by Mittler and Benham (247). A
dose of 125 mg of Cuplp fed to a 250 gm rat is 30,000 times the
daily iodine requirement for normal thyroid activity. The authors
concluded that Cuply can be considered non-toxic at levels meeting
the requirements for iodine. Cuprous iodide is included in the GRAS
IisTing%as a dietary supplement added fto table salt In concentrations
of 0.01%.

Potassium {odate has been granted "prior sanction via clearance”
for optional use in bakery products up to 0.0075 parts per 100 of
flour used. Webster et al. (399) observed that large doses of KlO3
in mice caused intoxication and death; hemoglobinuria, hemosiderin deposits
in the kidneys and fatty visceral changes were seen. Oral doses of
KIOz of 14-500 mg/kg increased gastric pH and produced degenerative
changes in the parietal cells. The subacute studies in mice using
K103 by Webster et al. (400) have been noted already. Their studies of
guinea pigs using divided doses of KiOz as high as 485 mg/km for five
days, (exceeding the single dose LD50), showed a tolerance in the
animals for ifodine which the authors stated to be of considerable
interest in the light of the proposed use of iodate in salt for human
use. Dogs were also subjected to iodate experiments: at doses of
100 mg/kg Kl0z, no animals died of four tested; at 200 mg/kg, one
of three dogs died; and at 250 mg/kg, all three animals tested died.
At the lower doses, emesis, slight anorexia and general listlessness
were observed, -but at cessation of treatment, normal appetite and
behavior returned. The maximum dose well-tolerated by the dogs was
estimated to be about 60 mg/kg when given for about 80 days.

Perdomo et al. (283) tested mature Leghorn hens with various
doses of potassium iodide in the diet and reported the effects on egg
production, fertility, embryonic mortality and hatchability. At
dosages of 1250 ppm K| in the diet, egg production was slightly
reduced; at 2500 and 5000 ppm, production ceased or nearly so. The
Kl did not influence egg fertility, but early embryonic death and
delayed or reduced hatching did occur. The mode of action of Kl was
suggested to be due to hormonal effects. Arrington et al. (17) performed
a simi lar study, but included pullets. The results were essentially
the same as those seen by Perdomo et al.; when the pullets, however,
ceased to lay, it was noted that mature ova were present, but
ovulation did not occur.

Acute and chronic iodide intoxication in man was discussed in a
paper by Bianco et al. (38). The acute form is rare; the symptoms,
angioneurotic edema, fever, arthralgia, |ymph-adenopathy, eosinophllia
and occasional multiple petechiae of skin and mucous membranes. Chronic
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iodism is characterized by gingivitis, increased salivation with a
metal lic taste, coryza, eye irritation and puffy lids. Salivary
glands may enlarge, and the throat become inflamed. Diarrhea, fever
and headache often accompany chronic iodism. A case was described
of a patient having taken a multivitamin preparation containing

0.15 mg KI for 10 days; symptoms of chronic iodism were present.
Removal of the iodine-containing preparation restored the patient to
normal conditions. lodism was observed fo mimic numerous other
diseases or conditions. ‘

A general attitude that continuous ingestion of iodine is not
harmful was questioned by Frey (95) who presented five case histories
of hypothyroidism due to excessive use of K| chiefly as an expectorant
in the treatment of asthma. Myxoedema and eniarged thyroid glands
characterized these patients who had long histories of iodine intake;
why iodine behaves in this manner was indicated as being poorly
understood, and probable causes, speculative.

An abstract of investigations by Wada (397), without experimental
details, of treatment of rabbits with sodium iodate intravenously
administered, confirmed the results of other studies in which black
pigmentation of the retina of the eyes together with retinal atrophy
is seen in iodate toxicity. The rabbits also showed atrophy of the
liver and heart muscle; lungs were damaged, and adrenal and spleen
abnormalities appeared.

Cuprous iodide was shown to have anti-inflammatory propertfies in
experiments on rats by Sutter et al. (363). Granuloma pouches were
developed In rats by injecting subcutaneously 25 cc of air and 1 cc
of 1% croton oil in corn oil; the animals to be freated with Cul
received oral doses of 250 mg/kg Cul/day for 12 days. Contents of the
pouches and the pouch tissues were weighed after sacrifice; Cul given
orally showed anti-inflammatory properties in the ftreatment of
granuloma pouches.

Spindle-cell sarcomas implanted in white rats by Oberhauser et
al. (265) had their growth inhibited by ftreatment with oral doses of
0.2 mg/100 g body weight solution containing 0.482 M KI and 0.083 M
KIOz three times daily (daily dose of KI of (480) mg/kg plus about 100
mg/kg of KI0z). All controls implanted with the tumors died within
64 days; none of the freated died but rather actually showed no
traces of the sarcomas, due to regression.

Seelich and Karrer (316) repeated essential ly the same experiment
reported by Oberhauser, but nearly all animals (Wistar rats) died
within 30 days from either the tumor or from hemorrhagic gastritis
or broncho pneumonia. No inhibition of tumor (Jensen sarcoma) growth
was observed. The iodate-iodide treatment appeared completely
ineffectual.

The suitability of KIOz for the iodization of table salt in
the place of K| used at that time in Bulgaria (1969) led Penchev
et al. (282) to test the toxicity of the iodate on rats. Oral doses
in distilled water of one microgram of KiOz per ml. and 5 micrograms
of K103/ml H20 produced no evidence of toxic changes in the animals;
a single dose of 5 g KIOz in 1 ml Hy0 was injected peritoneally with
5 micrograms of [131 and again produced no adverse effects. The
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authors concluded that KlOz might be safely used for iodizing table salt
for mass iodine prophylaxis.

A comprehensive report of the prevalence and treatment of goiter
in Tasmamia was presented by Clements et al. (59). Tablets containing
10 mg KI had been available to school children over a 16-year period,
with considerable reduction in the incidence of goiter, but some regions
remained high in the prevalence of goiter. In 1955, KiO3z was
introduced into the bread flour at about 2 ppm and proved more effective
in overcoming goiter than the distribution of iodide in tablets.

The radioactive isotope 1131 has for some time been a useful
experimental tool in studies of the thyroid and the metabolism of
iodine; as a by-product of the nuclear age in reactor operations,
however, 1131 could constitute a serious hazard in the event of
reactor accident or in the testing of nuclear devices. The use of
stable KI and methyl thiouracil as therapeutic ftreatment in reducing
the effects of 1131 uptake in the thyroid were tested on rats by
Takeuchi and Yoshizawa (368). Oral doses of 1131 were accompanied
by intraperitoneal injections of K| and methyl thiouraci | at
intervals; thyroid uptake of 1131 was reduced some 90% and the whole-
body burden about 70% of that in the controls.

Mielens et al. (241) demonstrated that iodides are effective
anti-inflammatory drugs, as had Sutler et al. ten years earlier with
Cul. They administered oral doses of 29-466 mg/kg/day of aqueous
Kl to rats previously induced with granoloma pouches. After nine
days of treatment, pouch exudate and wall formation were reduced
by 70% and 50% respectively. Rhesus monkeys with induced subcutaneous
abscesses similarly treated with Ki did not respond favorably. The
treatment appeared to be "anti-fibrotic" in the successful applications.

Large doses of Kl given orally to rabbits in the diet were
shown to be anti-atherogenic in a study by Moyer et al. (250). The
diet contained 2% cholestero! and 6% corn oil, augmented by Ki or
diiodotyrosine. Thyroxine was injected intraperitoneally several times
weekly. At eight weeks, the sacrificed animals were examined for
atheromata and for serum or liver cholesterol. Significant reduction
in the formation of atheromata was observed.

A dose of 100-200 mg of stable Kl given to humans before exposure

“to 1131 was shown by Blum and Eisenbird (40) to largely prevent

uptake of the radioactive isotope. The authors were motivated in the

~ experiment by the same concern over the hazards of accidental exposure

to 1131 as noted in the paper by Takeuchi and Yoshizawa (368).

Davis and Saunders (72) described a medical case of tabes dorsalis
treated with Kl, orally administered one gram three times daily.
Purpura of the lower extremities appeared after several weeks of
treatment and proved to result from the iodide. Subsequent tests
with doses as low as 0.3 g Kl produced purpura, an evidence of toxic
reaction to iodine.

Segal (332) discussed the use of Kl in therapy of asthma, citing
ten case-histories of patients given 2.4 Ki/day over a period of




of years without ill-effect and with complete remission of asthmatic
symptoms. These patients were considered atypical-however, and Siegal
estimated that KI therapy was effective in only about 5-10% of bronchial
asthma cases. Several undesirable side effects of Kl therapy were
noted. The paper was the subject of a discussion by various medical
practicioners, with differing viewpoints of the usefulness of iodide
therapy in asthma.

Oral sodium iodide and sodium iodate were observed to markedly
reduce the hypoglycemia reaction in rats induced by injected thiourea
in studies by McCreesh and Mann (235). The iodide was somewhat more
effective than the iodate. Potassium iodate was shown in an earlier
experiment by Mann (223) to be similarly effective in preventing
thiourea-induce hypoglycemia in rats.

The availability of iodine from several compounds which might be
used in animal salt blocks was investigated by Mittler and Benham (247)
using rats and four iodine sources: Ki, Cul, diiodothymol and
3~5-diiodosalicylic acid. All the iodine compounds at dose levels of
265 micrograms/kg body weight were effectively utilized, the Cul most
effective. Further studies of Cul showed that as little as 1.5 micrograms
of iodine per day prevented thyroid enlargement. A third test of
all four iodine compounds at a dose level of 5.25 micrograms weekly
for 8 weeks showed a protective influence; again Cul was most effective.

Experiments upon rats and human patients by Small et al. (349)
demonstrated that the small intestine is the principal site of iodine
absorption in both rats and humans. In the rat studies, a solution
of KI was gastrically intubated and duodenally intubated in separate
groups of animals. Comparisons were made of the degree of absorption
from each rat. In human subjects, a saliva test was applied to
patients given Kl orally or by duodenal administration. A positive
iodine saliva test appeared within 6-10 minutes after oral ingestion
of KI; only 2-4 minutes elapsed after duodenal intubation.

Harrison et al. (119) in observations of human patients, some
with normal thyroid function and others with abnormalities, demonstrated
that a fixed dietary level of iodine leads to a fecal iodine excretion
varying with thyroid activity, and a urinary excretion of iodine
essentially normal in thyrotoxic and hypothyroid patients but low in
non-foxic goiter patients. They also investigated fish as a chief
dietary source of iodine in Great Britain. The fish were injected
with 1131 and after 48 hours were fed to patients who were shown to
have completely absorbed the iodine from the fish. Boi ling the fish
loses 50-80% of the available iodine; grilling or frying retains
about 80% of the iodine.

The influence of diverse environmental conditions, particularly
temperature - upon the excretion of iodine from the human body was
studied by Specter et al. (355). Five young men spent 8 hours a
day, 5 days a week for eight weeks in a room alternately comfortable
for a week and "hot moist" a week. Food consumed was measured, feces,
urine and sweat were collected and iodine concentrations measured.
Doses of Kl, 2 mg daily were given. No evidence was gathered to
indicate that sweating increased the iodine requirement; about 75% of



of the total iodine lost from the body was by urine excretion. Increased
jodine intake increased urine output of iodine; fecal iodine excretion
increased under "hot-moist" conditlions with increased intake, but not
under comfortable conditions.

The Silberbergs (337) reported that intraperitoneal injections of
0.1 cc of 2.5% solution Kl in Hp0 stimulated skeletal tissue
development in growing mice. The effects of Kl were such to resemble
those caused by administration by anterior hypophyseal hormone and
of thyroxin, but to a lesser degree.

In order to test the findings of earlier investigators who
noted that Kl given to guinea pigs stimulated thyroid activity but
affected only slightly the basal metabolism, Siebert (327) thyroidectomized
guinea pigs, gave them Kl orally and tested basal metabolisms.
Respiratory quotients in the Kl-fed group were higher, and basal
metabolisms distinctly lower than in controls.

The relative effectiveness in maintaining blood iodine of KI,
Nal and iod-ethamine when given orally 1 g/km to rabbits was tested by
Boyd and Blanchaer (45). |Inorganic and protein-bound iodine
concentrations were measured; the inorganic iodine rose rapidly after
administration and fell rapidly; the protein iodine rose more slowly
and decreased slowly. The highest levels of blood iodine (both
inorganic and protein) were observed from iod-ethamine, but Kl maintained
high levels longer. Nal was least effective.

Homer (132) showed that 200 mg K| per day fed to rats on a
sierol-free diet produced moderate hypercholesteremia. The plasma
cholesterol concentration in a group of rats fed K| rose from a
pretreatment level of 50 mg % to 92 mg %; that of the groups given
water rose to 60 mg % and a third group of animals given KCI showed
an increase to 64 mg #. |+ was not known how the iodide influences
the cholestero] blood levels.

The question of how such a large molecule as thyroglobulin (mol.
wt. about 700,000) passes through cell membranes was the subject of
an investigation by Dziemian (82). To test an hypothesis that thyroid
proteolytic enzymes hydrolize thyroglobulin into smaller polypeptides
or peptones which are later recombined into the large molecules,
Dziemian fed rats Kl, sulfaguanidine and thyrotropic pituitary hormone,
Hypophysectomies were performed, and the thyroid glands removed after
sacrifice of the animals; the amount of protein digestion in the
whole thyroid tissue was determined. Similar treatment was given
guinea pigs and the thyroid proteolytic activity also determined. In
both animals, the thyroid activity was increased by the thyrotropic
pituitary factor and by the Kl; sulfaguanidine and hypophysectomy
both decreased the thyroid proteoclytic activity.

The effect of a combined thiouracil| and iodide diet upon the
growth of young rats was studied by Taylor and Barrett (372). Thiouracil,
Kl or Nal, singly or in combinations, were fed to rats for 14 weeks,
after which the animals were sacrificed. (A typical diet contained
0.0384% thiouracil and 0.0498% Ki). Body and organ weights were
measured and fodine concentrations determined. Growth was repressed



by combined thiouracil-KIl, though neither substance singly affected
growth; the action of the combination appeared to be synergistic.
The mechanisms involved were unknown.

The action of goitrogens, that interfere with the thyroid
production of thyroxine, can be overcome or prevented by adding certain
animal tissues to the diet, as was demonstrated by Ackerman (3).
Thiouraci| and sulfaguanidine are goitrogenic. The influence of
iodine on the growth of weanling rats fed a diet of thiouracil or
sul faguanidine and a duodenal powder was also observed. Both
goitrogens inhibited growth, the thiouracil more so than sulfaguanidine;
10-30 micrograms of K| added to the diet enhanced the inhibitory
influence of the goitrogens. Duodenal!l powder in the diet of the
rats fed the goitrogens maintained normal growth, possibly due to the
presence of a thyroid hormone-active component. High levels of
iodine appear to function synergistically with goitrogens in blocking
the thyroid synthesis of thyroxine.

The stimulating effect of Kl on thyroid, parathyroid and adrenal
glands as measured by the mitotic activity of those tissues was
investigated by Blumenthal (41) in guinea pigs. Various diets, with
or without iodine, were fed to the animals at different age levels
from 2 weeks old tfo 4 months; one group received K| in daily doses of
0.01 or 0.05 g for 5-50 days. At sacrifice, the three glands were
removed and cytological determinations of mifotic activity were
made. The younger animals, up to 6 weeks of age, showed an increased
mitotic activity in thyroid and parathyroid tissues due to very small
amounts of KI in the diet; older animals showed no effect. There
was evidence of a slight increase in mitotic activity in the adrenal
cortex during a part of the Kl treatment. Two other similar experiments
with guinea pigs, using Ki and determining mitotic activity of the
thyroid, were performed by Gray and Loeb (107) and Margolin (226),
with much the same results.

The difference between trace quantities of iodine and large doses
of iodine in the phagocytosis of leukocytes in guinea pigs was
studied by Gerasimova (102). Oral doses of Ki given at a level of
1 gamma/kg increased phagocytosis; larger doses of 1600 gamma/kg
inhibited phagocytosis.

Danowski and Greenman (65) investigated the effects of moderate
and massive doses of K| on the protein-bound ifodine in the blood of
hospital patients. Moderate doses of Kl, 0.2cc of a saturated
solution daily, produced no signifcant changes in serum iodine; daily
doses of 3-7 g Kl given daily for from 1 to 4 months greatly increased
the total iodine serum levels. No evidence of hyperthyroidism
or toxic reactions were observed, despite the massive doses of Ki.

A determination of the minimal KiI dose completely inhibiting
thyroidal uptake of iodine in humans was made by Koutras and
Livadas (173). Doses of Kl ranging from 5 to 80 mg and accompanied
by 10 microcuries of 1131 were given orally to 60 volunteers (10
additional persons served as controls and received only the 1131),
The minimal dose found was 40 mg of KlI. In the event of accidental
exposure to 1131, an initial dose of 40 mg Ki should be given to
minimize the upTake of the radiocactive isotope, and subsequent daily
doses of 3.3 mg given to maintain protection.
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Several early studies of the effects of KiI on human subjects
were performed by McEachern (237) and McEachern and Baker (236). Two
grams of KI were given daily to hospital patients for 8 tfo 140 days
and pulse rates measured. Some patients showed a gradual increase
in pulse rate; others showed decreased rates. The second paper dealt
with gradual weekly increases in Kl doses of from 1 g daily per week
to 3 g daily per week. Periodic electrocardiograph records were made;
the results were negative. A few patients suffered from severe iodide
reactions; the remainder showed no significant changes attributable to
the Todide ingested.

No consistent changes in serum lipoproteins or cholesterol
concentrations were observed in patients given daily doses of
either 30 g tyrosine or 30 mg Kl over a period of several months in
a study by Strisower et al. (360). The study was motivated by the
observation that inorganic iodine and ftyrosine were the only known
precursors of thyroxine synthesis, and that administering these
substances might alter the concentration of serum |ipoproteins.



CUPROUS 10DIDE

Chemical Information

I. Nomenclature
A. Common Names

1. Cuprous lodide
2. Marshite (minerai)

B. Chemical Name
Cuprous lodide
C. Trade Name
None
D. Chemical Abstracts Services Unique Registry Number

007681-65-4

I1. Empirical Formula

Cul (Merck Index: Cu2|2’ Lange's Hndbk)

IHt. Structural Formula

Not applicable

IV. Molecular Weight

190.46

V. Specifications

(GRAS as dietary supplement in table salt as source of
dietary iodine up to 0.01% under 121.101)

IV. Description
A. General Characteristics
Dense powder or cubic crystals (zinc-blende structure).
‘B. Physical Properties

Less photosensitive than CuBr or CuCl mp 588-606 degrees;
bp about 1290 degrees; d§5 5.63; extremely insoluble in water;



practically insoluble in dilute acids, alcohol; soluble in aqueous
solutions of NHz, alkali cyanides, thiosulfates, iodides; decomposed
by concentrated HZSO4 and HNOB.

Vil. Analytical Methods: From AOAC (21), pg. 529-530,

fodide and bromide can be determined by A.0.,A.C. 31.039 (21).

VIIl. Occurrence

Occurs in nature as the mineral marshite (red-brown crystals).
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POTASSIUM [ODATE

Chemlical Information

Nomenclature

A. Common Name

Potassium |odate

B. Chemical Name

Potassium lodate

C. Trade Name

None

D. Chemical Abstracts Services Unique Registry Number

007758-05-6

Empirical Formula

KIO3

Structural Formula

Not applicable

¢

Molecular Weight

214.00

Specifications

Food Chemicals Codex
Assay

Limits of Impurities
Arsenic (as As)
Chlorate

Heavy metals (as Pb)
lodide

Loss on drying
¥Insoluble matter

pH of 5% solution at 25°C
Chloride and bromide

(as ClI)

!

1

Not less than 99.0% and not more
than the equivalent of 101.0%
of KIO3 after drying.

Not more than 3 ppm (0.0003%)
Passes test (1imit+ about 0.01%)
Not more than 10 ppm (0.001%)
Passes test (1imit about 20 ppm)
Not more than 0.5%

0.005%

5.0 to 8.0

0.01%




Nitrogen compounds (as N) 0.002%

. Sulfate (S0 2 0.005%
Iron (Fe) 0.001%
Sodium (Na) 0.005%

* This and succeeding items from NAS/NRC (256) information (Prior
sanction for use in bakery products, up to 0.0075 pp 100 parts
by weight of flour used)
VI. Description
A. General Characteristics
White, odorless, crystalline powder

B. Physical Properties

Soluble in water (1 g/15 ml HZO); insoluble in alcohol; pH of
1 in 20 solution between 5 and 8.

C. Stability

Store in well-closed containers

Vii. Analytical Methods
To 1 ml of a1 in 10 solution of the sample add 1 drop of starch
T.S. and a few drops of 20% hypophosphorous acid. A transient blue
color appears. (Food Chemical Codex)
lodates in white and whole wheat flour can be determined according
to A.O0.A.C. methods 13.045, 13.046, and 13.048.

VI1i. Occurrence

Granted prior sanction via clearance for optional use in flour:
up to 0.0075 parts per 100 parts flour.

o
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POTASSIUM |ODIDE

Chemical

Information

I. Nomenclature
A. Common Name
Potassium lodide
B. Chemical Name
Potassium lodide
C. Trade Names

None

D. Chemical Abstracts Services Unique Registry Number

007681-11-0

Il. Empirical Formula

Kl

I11. Structural Formula

Not applicable

+

tV. Molecular Weight

166.02

V. Specifications

Food Chemicals Codex
Assay

Limits of impurities
Arsenic (as As)

Heavy metals (as Pb)
lodate

Loss on drying

Nitrate, nitrite, ammonia
Thiosulfate and barium
*Insoluble matter

pH of 5% solution at 25°C
Chloride and bromide

(as CI)

Nitrogen compounds (as N)

13

Not less than 99.0% and not more
than the equivalent of 101.5% of
KI after drying

Not more than 3 ppm (0.0003%)
Not more than 10 ppm (0.001%)
Not more than 4 ppm (0.0004%)
Not more than 1%

Passes test

Passes test

0.005%

7.0 t0 9.2

0.010%
0.001%




Phosphate (PO,) 0.001%

Sulfate (50,)" 0.005%
Barium (Ba) 0.002%
Calcium, magnesium and

R0z precipitate 0.005%
lron (Fe) 0.0002%
Sodium (Na) 0.005%

* This and succeeding items from NAS/NRC (256) information (GRAS
as nutrient and/or dietary suppliement in table sal+ up to 0.01%)

YI. Description
A. General Characteristics

Hexahedral (cubical) crystals coloriess or white, white granules or
powder

B. Physical Properties

Colorless or white, cubical crystals, white granules, or powder.
Stightly deliquescent in moist air; or long exposure to alr becomes
yellow due to liberation of iodine, and small quantities of iodate may
be formed; light and moisture accelerate the decompn. Aq solns also
become yellow in time due to oxidation, but a small amount of alkali
prevents it. d 3.12. mp 680 degrees; volatilizes at higher temp.

One gram dissolves in 0.7 ml water, 0.5 ml boiling water, 22 ml alcohol,
8 ml boiling alcohol, 51 ml abs alcohol, 8 ml methanol, 75 ml acetone,

2 ml glycerol, about 2.5 mi glycol. Potassium iodide solns

readi ly dissolve elemental iodine. The aq soln is neutral or, usually,
slightly alkaline. pH: 7-9. Thirty g KI with 21 ml water gives 30

ml of a saturated soln at 25 degrees C.

C. Stability

Store in well-closed containers

VII. Analytical Methods

See this section under cuprous iodide

VII). Occurrence

KI is prepared according to equation: HI + KHCO3 = Kl + HZO + 002
GRAS as nutrient and/or dietary supplement in table salt up to
0.01%.

Cleared for use as a nutritional supplement in mineral and vitamin~
mineral preparations marketed under tabeling which provides that the
maximum daily intake of the additive does not exceed 0.15 mg of iodine,
under section 121.1073. The label of the additive shall bear: (A) The
name of the additive; (b) A statement of the concentration of the
additive in any mixture.

14



SODIUM |ODATE

Chemical Information

. Nomenclature
A. Common Name
Sodium lodate
B. Chemical Name
Sodium lodate
C. Trade Names
None
D. Chemical Abstracts Services Unique Registry Number

007681-55-2

Il. Empirical Formula

NaIO3

[1l. Structural Formula

Not applicable

IV. Molecular Weight

197.90

V. Specifications

Not Found

VI. Description
A. General Characteristics
White, crystalline powder
B. Physical Properties

Density 4.28. Soluble in about 11 parts water, 3 parts boiling
water; insoluble in alcohol; aqueous solution neutral.

15



VII. Analytical Methods

Add 1 drop of starch T.S. to 1 ml of a 1 in 10 solution of
the sample; addition of several drops of 20% hypophosphorous acid
produces a transient blue color.

Viltl. Occurrence

Not found
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Biological Data

I. Acute Toxicity

Acute and chronic toxicity studies were made by Cuz|, and 3-5-
diiodosalicylic acid by Mittler and Benham (247) using Sprague-Dawley
female albino rats reared on a low-iodine diet (other experiments by
these authors on absorption and retention of iodine compounds are
discussed in this monograph under the heading of Biochemistry || -
Absorption and Excretion).

Oral doses of 2000 mg/kg body weight of Cuplo fed fo 5 rats produced
diarrhea but no fatalities; doses of 500 mg/kg Cuzip in 5 rats produced no
i1l effects. A dose of 125 mg Cuplp, fed to a 250 gm rat is 30,000
times the daily requirement such a rat would need fto maintain normal
thyroid glands, thus the rat would require only 0.0000039 gm/day.

Autopsies on rats fed 0.1 and’ 1.0 gm Cuslo/kg of diet for 5 months showed
no gross liver, kidney or ‘intestinal abnormalities. At the dose levels
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Dosage
Substance Animal Sex & No. Route (Body Wt. mg/kg) Measurement Ref.
KIO3 Mice 140 i.p. 136 £ 5 L050 399
KIO3 Mice 90 oral 1177 (not fasted) LD50 399
KIO3 Mice 110 oral 531 (fasted) LD50 399
KIO3 Guinea pig - oral 400 (fasted) LD50 400
KIO3 Dog 3 oral 200-250 Min. LD 398
Kl Mice 110 i.p. 1177 £ 30 LD50 399
Kl Mice 80 oral 2068 LD50 399
Ki Mi ce 90 oral 1862 (fasted) LD50 399
Kl Rat - i.v. 285 Lethal Dose 239
NaIO3 Mice 100 Tepe 119 + 4 LD50 399
NaIO3 Mice 90 i.v. 108 + 4 LD50 399
Nal03 Mice 140 oral 505 (fasted) LD50 399
NaIO3 Dog - i.v. 200 Lethal Dose 239
Nal Mice 110 i.p. 1690 + 85 LD50 399
Nal Mice 50 IR 1500 LD50 399
Nal Mice 130 oral 1650 (fasted) LD50 399
Nal Rat . - i.v. 1300 LD50 239
II. Short Term Studies
Cuprous iodide
Rat .



necessary to supply fodine needed for normal thyrold activity, Cu212
can be considered non-toxlc.

Potassium ifodate |

Early investigators in the 19th century, observed the toxlcity of !
iodates appearing as contaminants in iodides used in therapy. Webster ’
et al. (399) made a comparative study of the acute, single-dose toxicity
of potassium and sodium lodides and iodates. Female white Swiss mice
of the NIH strain were fasted for 17-20 hours and were injected
intravenously or intraperitoneally with iodate and iodide solutions and
the LD50 determined. The results appear in tables following:

' . TABLE 1
Comparalive lozicitics of ivdates and todides
Intraneritonesl injection of 15 to 20 gzm. female white Swiss mice fasted overnight on
eawdust and for 1 bhour after injection.

3% KIC, 3% NalOs 3% KI 2.3% Nal

Number of mice used. ... ...... ’ 140 100 110 110
LDy ie mgmjsgme.ooo b 130 = 3 19 = 4 | 1117 £ 20| 1690 = 85
LD;s in miliimoles, kgm.... ... Jp.335 = 0.025,0.601 = 0.0206.73 =+ 0.18/11.27 == 0.57
Razge in survival time (ar)*. .0 245 1-32 16-57 8-32
Average survival time (hr)* .. ! 23 X 1 36 16
Eigiest dosage coler 1h- 1010 .

mice withnut death (mzm./ -

kam.d .o 1C0 90 736 1200
Desage range in mgm/kgm. . .. : 76263 81-245 658-2010 1000-3500

* Based en desage near LD, level.
3
TABLE 2
Comparative lozicities of ivdctes and iodidss
Intraverous injection of 13 te 20 gm. femaie white Swiss mice fasted overnight on saw-
dust and for 1 hour after injectinn.

3% NalOs 1 2.3% Nal
Number of mice used ... - 90 B . 50
LDsinmem. hgm. oo 108 2 ¢ o >1500
LD, in 0008 POT KZT . i ©0.546 = 0.029 >10
irvival time N 16-29* ©13-61**
rvival fime (BT cir. 2¢* e cir. 40**

age tcierated by 19,1 mice without ’
EML per KZML) e ©70 700
Pesage range in mgm. per Sgmao oo 70-150 700-1500

* Buzed on dosage near LD, tevel.
** Based on desage near LDy, lovel.
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Six percent solutions of KiOz, Kl, NalOz and Nal were given orally
by tube; the mortalities and LD50 va!ues are presented in the following
table:

TABLE 3

Comparative lozicities of iodaies and iodides
Oral adminiztration to 15 to 20 gm. female white Swiss mice.
o] e a - Mice Mice
Yoeds | fsted on g MUEROY | SN | Bsedon | fastedon
60 KICs | 67 KIOs | 6%R10: o7 NalOn 65 KI | 6L KI | 65XI | 6% Nal
Numker of mice ’ l - .
used...s..... L 90 140 110 40 ;- &0 130 90 130
LD, in mgm. per . l : :
kgm..o.......... 1177 | 815 331, &5, ZCE8 1652 1862 1630
%061 420, 2210 =36, X140 £90 | +1C0 =00
LD;; in millimoles . b - g :
per kgm........ 5.50 3.81| 2.48| 2,353 12.48 11.94 11.22 11.01
+£0.79 | £0.11 [20.10 '5=0.13 | 20.3¢ | =0.5% | 20.60 | %=0.63
Range in survival _ ) - .
~ time (hr)*. ... 3-16 S-14p 2-58; 2-i4 18-6t 10-18 13-39 . 846 -
Average survival ’ :
time (hr)*. ... 9 10 13 7 47 15 23 21
Hizhest dosage : :
tolerated by
10/10 mice with-
out death (mgm.
per kgm.). ..... 819 513 33y ~ 1720 1420 1260 -
Dcsage range in i :

mgm. per kgm. .|737--17.';() AT L0 316-801 261-324 15LC-3200 1120--35L0 1120—‘.’5‘30“303-25:0
. ' 1 . l §

* Bused on dosages near LD level. .o
#x \ice wers in non fasted condition when injection was made. Doze wus based en
fasted body weight measured 2t hr, before injection.
*+5 \ice were fasted overaizht and 1 hir. after injection.
>

Given in sufficient quantities, the iodates cause intoxication and
death in mice. The hemolytic effects appear as hemoglobinuria, and
histological ly hemoglobin casts and hemosiderin deposits show in the
kidneys. Fatty visceral changes are seen within 24 hours after
ingestion of both iodates and iodides. The iodates in oral doses of
140-500 mg/kg often increase the gastric pH, and create degenerative
changes in the parietal cells. The foxicity of potassium iodate varies
greatly with the route of administration, as does that of the iodide.

Webster, et al. (400) experimented with mice and guinea pigs to
determine the subacute toxicity of potassium iodate, which has been
used as a prophylactic agent for anemic goiter. Seventy-six weanling
female white Swiss mice, consisting of 19 sets of four litter mates each,
were - separa*ed into four lots. These lots were variously administered
the iodate in the drinking water; a 0.65% Kl solution, equnvalenT to an’
jodine content of 0.84% KIOz, served as a base for comparison with the
concentrations given the mice, which were: 0.05%, 0.10%, 0.25%, 0.50%
and 0.75%. Liquid consumpTion and welghts of the animals were noted
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twice weekly. Three mice in the 0.75% group died during the first week;
the remaining 73 mice survived the 15-16 weeks of experimentation. After
12-13 weeks, all survivors were subjected to hematologic studles; at

15 weeks, half the animals were challenged by an oral dose of KlO3 at
the LDg5q level (1120 mg/kg). Survivors were sacrifliced and autopsies
performed; tissues were preserved for mlcroscoplc studies. No gross
abnormalities were observed, but microscopic examination showed
hemosiderin deposits in the renal convoluted tubules iIn nearly all

mice receiving 0.50% KIO3 for 16 weeks. During the experimenT
significantly tower values for red blood cells or hemoglobin in the
higher dosage groups were observed, which together with the hemosiderin
observations, suggest an increased hemolysis due to the iodate. A
tolerance for small doses administered for several months along with
food was shown by those mice receiving ftotals of 1231 mg/kg/day with
only minimal foxic effects.  As single doses, this exceeds the LDgg.

To receive the same dosage as that given fo mice, a 70 kg human being
would have to ingest 5-20 g of KIOsz in one day, or in excess by 14,000
to 56,000 times as much as the daily requirement of iodine for man.

Guinea pigs

Experiments similar to those with mice previously described in
the paper by Webster et al. (400), were performed on guinea pigs by the
same investigators. Thirty-six guinea pigs weighing from 200-250 g
were divided info six groups of six each: 2 groups received Hy0 only,
2 groups received 0.05% KIOz in the drinking water, and 2 groups 0.25-
0.50%. For 4 weeks, all animals remained In good physical condition
and showed no striking changes in the blood. Postmortem examination
revealed no gross abnormalities or signiflicant histologic changes.
Maximal intake of KIOz reached values as high as 485 mg/kg/day for 5
days, which exceeds the estimated LDsgy dose of KIO3 of something less
than 400 mg/kg for fasted animals (Webster, 1954, unpublished). As
observed in the mice similarly treated, guinea pigs can tolerate large
doses of KIOz gyhen administered in divided doses over a period of time.
This is of considerable interest in light of the use of lodate in salt
for human use (author's statement).

Dogs

The addition of potassium iodate to table salt as a prophylactic
for endemic goiter has created a need for testing the substance for
possible toxicity. Webster et al. (398) studied the toxicity of KlO3
on dogs, to determine the minimum lethal dose, the maximum allowable
dosage of KlO3 consistent with maintenance of weight and appetite, and
the acute and subacute toxic effects of the drug.

Three groups of fasted, mongrel dogs (not further described) were

given powdered potassium |oda+e in gelatin capsules in single doses

with the following results (number of animals that died/number dosed):
0/4 at 100 mg/kg; 1/3 at 200 mg/kg; 3/3 at 250 mg/km. Based on deaths
occurring within a week, the minimum lethal dose of KiOz in dogs
appeared to be between 200-250 mg/kg. Retinal changes were noted in one
dog given 200 mg/kg. In subacute studles, four dogs (3 females, 1 male)
weighing 8-16 kg were given iodate usually added fo milk or given by
capsule at levels of 6-100 mg/kg for 68-192 days. When appetite or
welght of an animal declined markedly, the treatment was suspended unti |
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recovery occurred. Periodic checks of the urine were made for iodate,
jodine and hemoglobin. At the end of the experiment determinations of
pH, specific gravity, profein, bilirubin, acefone bodles and sugar were
made. Numerous blood examinations were performed, and following
sacrifice of the animals, gross and microscopic studies were carried
out. Pathological changes were confined largely to deposits of
hemosiderin in the spleen, liver and kidneys and mild inflammation of
the mucosa of the gastrointestinal tract. During the subacute treatment,
occasional emesis, slight anorexia and |listlessness were observed, but
normal appetite and weight returned upon suspending treatment. |t
appeared that the maximum dosage level for dogs for protracted periods
would be less than 60 mg/kg.

Potassium iodide

Chickens

The production, fertility, embryonic mortality and hatchability
of eggs when hens were fed various levels of dietary iodine were the
subjects of experiments by Perdomo et al. (283). Eighty mature White
Leghorn hens were used in 2 trials: in the first trial, Kl was added
to the basal laying diet in amounts to provide 0, 2500 and 5000 ppm;
the second trial added levels of 0, 312, 625, 1250 and 2500 ppm. The
basal diets contained 17% protein and 0.4% iodized salt which contributed
0.3 ppm iodine to the diet. Potassium carbonate was added to the control
diets to furnish potassium equivalent to the 2500 ppm iodine. Three
groups of 10 hens each were in the first frial; five groups of 10 each
in the second. On the day prior to iodine feeding and weekly thereafter
the hens were artifically inseminated using pooled semen from normal
males. Eggs were collected daily, identified and incubated periodically.
On the 2nd, 4th, 9th and 14th days of incubation, eggs were candled
to determine fertility and embryonic death. Hatchability was calculated
as a percent of. fertile eggs. The table below shows the results:

Production, Fertility and Hatchability of Kggs from Hens Fed Iodine (10 llens per
Treatment).

marey

A———— r—— —— — — —
. Delayed
No. eggs % Em- incubztion,
ppm Weeks Total % bryonic % Died % No.
iodine 1 2 3 4 eggs  Fertile dcaths® inshell* Hatched* 24-36 364t
Trial 1 )

0 31 26 26 32 118 94 5 6" 88 —_ —
2500 31 4 4 3 42 81 48 6 56 7 3
5000 22 0 1 o0 23 83 11 32 58 4 1

Trial 2
0 44 35 37 37 153 . 86 13 4 83 — —
312 36 39 36 36 147 86 44 8 47 10 5
625 34 28 35 32 129 78 66 6 28 5 5
1250 37 32 27 28 124 77 62 7 31 4 6
2500 30 13 9 7 59 83 59 10 31 2 3
* Based on fertile eggs. . t Hours beyond average for control.




At levels of 2500 and 5000 ppm iodine in the diet, egg production
ceased or nearly so and production was slightly reduced at 1250 ppm.
Within a week after the iodine treatment ceased, all hens resumed laying.
Fertility of the eggs was not affected by the iodine, but early
embryonic death, reduced hatchability and delayed hatching were observed.
The mode of action of the iodine is unknown, but hormonal effects are

suggested.

Arrington et al. (17) in a sfudy very much like that of Perdomo
et al., reviewed above, varied the experimental procedure in using 27-
week-old White Leghorn pullets in addition to laying hens. Dosages of KlI
were virtually the same, as were the results. The two following figures
show the effects of K| on egg production:
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When pul lets ceased to lay, they did not undergo moulting; a few
mature hens moulted. Mature ova were present, but ovulation did not
occur. Fertility of the egg was not affected by K| but there was
high embryonic mortality, low hatchability and delayed hatching.

Man

Branco et al (38) discussed the clinical manifestations of acute and
chronic iodide intoxication. The acute form is rare and the symptoms
usual ly appear within a few hours after the initial dose: angioneurotic
edema, fever, arthralgia, l|lymphadenopathy, eosinophilia and occasionally
multiple petechiae of skin and mucous membranes. The chronic form usually
first presents a metallic or brassy taste in the mouth, gingivitis and a
burning sensation of the oral mucosa, increased salivation, coryza,
sneezing, irritation of conjunctivae and edema of the eyelids. Parotid
and submaxillary salivary glands enlarge; pharynx and larynx may become
inflamed in chronic cases. Skin lesions, diarrhea, fever and headache
often accompany chronic iodism.

A case was described in which many of the symptoms of chronic
iodism were present; the patient, a 54-year-old white male, had been
taking a multivitamin preparation containing 0.15 mg KI for about 10
days. With the removal of the iodine-containing preparation, and a
little more than a week of hospital treatment, the patient lost the
iodic symptoms to a large degree, eventually fully recovering.

The case was présented chiefly as a caution to oral surgeons and
others because iodism has marked similarities to numerous other
"entities" with which it might easily be confused.

Frey (95) reported five cases of hypofunction of the thyroid
gland in human patients due to extensive use of excessive doses of
potassium iodide. Continuous consumption of iodine has not been
general ly considered harmful to a healthy thyroid, but Frey considers
that idea not éntirely true. The ingestion of large doses of iodine
over prolonged periods of time may lead to goiter, and even to
myxoedema.

Five case reports were given: (1) A 72-old male suffered from
chronic bronchial asthma for 20 years during the last 10 of which he took
an expectorant containing KI. |t was calculated that he ingested more
than 500 g/year. Examined in 1957 he was euthyroid; in March, 1962
he was still clinically euthyroid but the thyroid was slightly enlarged.
By June the thyroid had increased in size, and in October, 1962, he
appeared myxoedematous, and the thyroid was greatly enlarged. A
thyroid biopsy showed parenchymatous hyperplasia. lodine determinations
showed blood serum values of over 100 micrograms/100 ml; after stopping
the iodine therapy, the value fell fo 15 micrograms/100 ml in 3 weeks
time. Two months later the patient was clinically euthyroid, the
thyroid having decreased in size to normal.

(2) Similar to above, however, after stopping the iodine and
becoming euthyroid he returned to iodine therapy for his asthma and
began to slide back into overt hypothyroidism.

(3}, (4), and (5) All similar stories, the point being made that
hypothyroidism and myxoedema occurred in patients with long histories
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of icdine intake, and cessation of iodine restored all to normal or
euthyroid condition. The author discussed probable causes for the
inhibitory effect of iodine without conclusions beyond. speculation; the
factors influencing the thyroid gland behavior in the presence of heavy
iodine loads are poorly understood.

Sodium iodate
Rabbits

An abstract of studies performed by Wada (397) presented information
without experimental details of the effects of Intravenous-injected
NalOz on rabbits sacrificed on 4, 20 or 80 days after treatment and the
organs examined histologically and histochemically for abnormalities.
Other investigators have noted that the iodate causes black pigmentation
of the retina of the eye; Wada found retinal atrophy and marked
pigmentation also in the rabbit eye. Pycnosis, granulation and atrophy
of the liver was observed. Atrophy of cardiac muscle, fung damage, spleen
and adrenal gland abnormalities were also seen in the treated rabbijts.
Simultaneous administration of helenien, ACTH, methionin and pantothenic
acid with the NalO3z reduced the toxic effects of the iodate.

Sodium iodide

None

(11, Long Term Studies

None

IV. Special Studies

Therapy

In veterinary medicine, iodine is used in the therapy of various
nonspecific or chronic ailments. Sutter et al. (363) investigated the
possibility that cuprous iodide possessed anti-inflammatory properties
which explained the mechanism of its activity in therapeutic treatments.

Thirty rats of about 150 gm weight were divided into 3 groups of
10 each. A granuloma pouch was developed under the clipped skin of the
back of each animal by injecting subcutaneously 25 cc of air and 1 cc
of 1% croton oil in corn oil. The anesthetized rats were treated as
follows: Group | received, orally, distilled water (0.02 cc/gm);
Group Il received orally 250 mg/kg body weight Cul/day; and Group |11
was injected subcutaneously with cortisone acetate (1 mg/day). Three
of the animals in Group || died during anesthesia. After 12 days the
animals were sacrificed and the pouches dissected free of adhering
tissues. The fluid contents of each pouch were collected and the
pouch tissue preserved and weighed. The findings are shown on the
following page.
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Effect of Various Treatments on Fluid Volume and Tissue Weight of Granuloma Pouches

of Rats
o i No.of ~ ~— ~ T oToomTmrmTTm Tissuc?
Group Treatment animals Fluid volume! weight
1 T Distitied T T T T 2y 2 s8 e 2.1 =022 Gm.
.0 oral
duily injection
2 Cual, 7? 1.7 *+0.28 cc.’ .83 = 0.084 Gm.*
250 mg./kg. .
oral daily
administration ‘
] Cortisone acctate 10 7.4 * 0.62 cc. 1.68 * 0.14 Gm.
1.0 mg./rat zday
subcutancous injection
G

Mean # standard error - SUE s
(n-1)n

i ?% of 10 animals died of ancesthetic accidents; %ignificands

fower than control value (pZ0.01) and cortisone treated value (p<0.01); ‘significantly lower than control
vahue (p<0.01) and cortisone value (p<0.01),

|t appeared that Cul given orally to rats shows anti-inflammatory
properties in the ftreatment of granuloma pouches.

Oberhauser et al. (265) on the basis of observations that cancer
patients received favorable results from administration of aqueous
solutions of Ki-Kl0z, performed experimental studies using white rats
and solutions of potassium iodide-iodate. The rats were implanted
with a spindie-cel!l sarcoma and then dosed with 0.2 m|/100 g body weight
of a solution containing 0.482 M Kl and 0.083 M Kl0z, three times daily
by gastric intubation. This treatment on 19 animals given two weeks
before, or simultaneously, with tumor implianation showed a marked
inhibition of +umor growth. Two more groups of 38 rats each were
similiarly treated, the non-treated animals except 4, died of tumors within
the 64 days of observation, none of the treated animals died. The
survivors all showed no traces of the tumor, due to regression occasioned
by the iodide-iodate treatment. :

A report (see preceding paper by Oberhauser, et al.) of presumed
tumor-inhibiting influence of a potassium iodide solution containing
potassium iodate in the treatment of Jensen sarcoma in rats led to a
repetition of the experiment by Seelich and Karrer (316). Male Wistar
rats, a%es 3-3 1/2 months, weighing about 200 gm were implanted with
5-10 mm> samples of Jensen sarcoma. Some of the animals were implanted
with ftumor only, some treated only with the iodine solution (concentration
not given), some pretreated with iodine and then implanted with the
tumor, others pre- and posttreated with iodine before and after
implantation, and some given only posttreatment after implantation.

One hundred animals in all were used. Nearly all animals died within
about 30 days, either from the tumor, or from hemorrhagic gastritis or
bronchopneumonia. No inhibition of ftumor growth was observed, and the
high rate of mortality among those animals ftreated with the iodine
rendered continued experimentation useless under the given clrcumstances.

The prophylactic and foxic effects of KlO3 were studied by Penchev
et al. (282) using rats; the experiment was performed to demonstrate
that KiOz could be better used in the iodization of table salt than the
iodide, KI, which was used in Bulgaria at that ftime (1969). The lower
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solubility of Ki0z, in view of the hygroscopic nature of NaCl, would
make a more stable mixture than the Kl + MgCO3 added to NaCl. The

possible danger of a toxicity associated with the iodate, however,
required further experimental data than that already avallable.

White male rats, weighing 120-130 g were divided into three groups;
Group 1 served as controls; all animals received a food briquette
with 360 micrograms/kg iodine, and were given daily by Intubation:
Group 1 (10 rats) 1 ml distilled H;0; Group 2 (15 rats), 1 microgram
KIOz m 1 ml Hy0; Group 3, (14 rats) 5 micrograms Kl03 in 1 ml Ho0. A
second series of experiments of 2 groups of animals, one control (10
rats) and one fed an iodine-poor diet for a month (10 rats) and then
given 5 g KiOz in 1 ml Hy0 was performed. This last group was injected
peritoneally with 5 micrograms of 1131 and the amount of the radioisotope
in the thyroid was counted for 2, 4, 6 and 24 hours following injection.
All animals at the termination of the experiments were exsanguinated
and thyroid glands weighed and prepared for cytologlcal examination.
Myocardial, liver and kidney tissues were also subjected to histological
studies for possible parenchymal toxic changes. Neither the 1 nor the
5 microgram K|Oz-fed animals showed marked decrease in the thyroid size
or cyfological evidence of injury fo parenchymal organs. The 5 g Kl03-
treated rats showed a significantly lower absorption of 1131 in +he
thyroid than in the controls, but not evidence of toxicity; such a
decrease is noted in normal iodine diets given higher doses of iodine in
any form. The authors concluded that KlOz could be safely used for
iodizing table salt for mass iodine prophylaxis.

Clements et al. (54) have presented an interesting report from
Sidney, Australia, discussing the prevalence and treatment of goiter in
Tasmania, which has long been recognized as an endemic goitrous
region. Affer a preliminary survey in 1949 which revealed widespread goiter
in the Tasmanian population, tablets containing 10 mg KI were made
avai lable to infants, preschool children and school children. These
tablets were ayailable in schools and child-health centers for weekly
use over a period of about 16 years. Surveys made at 5-year intervals
state-wide showed slow steady reduction in the prevalence of goiter;
some regions remained high in goiter incidence, however, and the
assumption was that the iodide tablets were not being properly utilized,
even though some 36 million tablets had been distributed during the
16-year period.

in 1966, potassium iodate was substituted for some potassium
bromate in the bread flour used throughout Tasmania as a universal
prophylactic against endemic goiter. Studies have shown that 2 parts
per million of the iodate in bread is effective, more so than the use
of tablets, which were phased out by the end of 1967. The effectiveness
of the supplemented bread in meeting the daily requirements for iodine,
and the decrease in the prevalence of goiter in Tasmania are shown in
the two following tables:
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TABLE I-—ESTIMATED MEAN IODINE INTAKE BY PERSONS OF DIF- TABLE II—PREVALENCE OF GOITRE IN TASMANIA FROM 1949 to

FERENT AGES BASED ON BREAD CONSUMPTION, COMPARED WITH 1969  BY AGE
RECOMMENDED DIETARY ALLOWANCE *
: v 45 6-8 9-11 12-14 15-17
ear
Males Females P.G. | V.G. { P.G. | V.G. | P.G. | V.G. | P.G. | V.G. | P.G. | V.G.
Age | Bread intake | lodine intake | Bread intake | Iodine intake B
Jd .[day .1d .Id oys
(o2./day) (vg-/day) (0z.{day) (ug/day) 1949 |235] 00 [279 | 12 [3¢8] 37 | 383 64 [374] 35
Mean | Range | Mean ' Ropa. Mean |Range | Mean ! R.D.A. 1954 (242 50 {304 81 297} 90 {311} 99 |272| 59
' 1960 {21:5| 50 1229 | 72 |21:7) 72 | 192} 65 | 184 | 37
1-3| 25 0-9 81 55-60 25 | 0-8 81 55-60 1965 1 10-1 ) 23 1144 3.5 |173| 56 {166 50 | 138 | 3-5
371 41 1-19 130 70-80 41 0-13 | 130 70-80 . 1969 821021110 16 {143} 34 {156 21 92| 11
7-11 58 0-18 187 1100-125; 5-1 017 163 i 100~125 Girls
11-15{ 73 1-22 235 135 61 0-22 | 196 . 115 1949 [ 20-1 | 27 {288 31 | 415 B4 447 208|490 233
15-18; 83 0-20 270 150 53 0-17 | 170 j 120 1954 (249 59 {300 96 | 262 126333167 291|233
18-35! 69 0-21 218 140 36 0-14 | 113 100 1960 (264} 75 | 257} 91 1249105233 :14:6:229 (156
35-64) 60 0-23 194 1i0 35 0-11 | 113 90 1965 [116) 25 1156 40 [182| 69 187|101 ,200] 95
1969 86|03 )127) 1-2 |174] 36181 51162 3-8
®Adapted from data of Howeler-Coy.® - — -
®.D.A. =Recommended dictary allowances.? P.G.=Palpable goitre. v.G.=Visible goitre.

A concern for the dangers inherent in the growing use of nuclear

reactors led fo a study of the 1131 hazard (similar to that of Blum and
Eisenbud) by Takeuchi and Yoshizawa (368). Considerable amounts of’
radioactive iodine are released in reactor accidents and the iodine

is selectively absorbed by the fthyroid gland and retained for relatively
fong periods. Stable iodine and methyl thiouraci! were studied in

rats as a possible first aid treatment in the event of a reactor
accident exposing persconnel to 131, Female Wistar rats, 2 months old,
weighing 150-200 g were used in groups of 5-10 animals, intubated orally
with 0.3-1 microcuries per 0.1-0.5 ml of carrier-free 1131, A
scintillation counter for whole-body radiation was used, and thyroid
glands were removed at the end of the experiments for determination of
iodine uptake. Stable Kl and methylthiouracil were injected intra-
peritoneally at intervals and the effects in reducing 1131 in the thyroid
were observed. The two drugs, given in doses of 1.0 mg/kg of KI and
10.0 mg/kg of methylthiouracil, reduced the thyroid uptake of 1131 to
about 10% of the control animals; they were less effective in reducing
the whole-body burden of 131, lowering it to about 30%. Of the two
drugs, methylthiouracil was more effective than Ki, particularly when
longer periods between 1131 and drug application were studied.

A study similar to that described by Sutler et al. was performed
by Mielens et al. (241) in somewhat more detail. |t is noted that
"iodides have been used against chronic inflammation during the past 100
years solely on an empirical basis". Textbooks describe the effects of
iodides vaguely as "fibrolytic or histolytic". The following experiments
were dene in order to determine whether orally administered iodides have
anti-inflammatory properties against a number of chronic and acute
inflammations in experimental animals.

Sprague-Dawley rats of 125 g weight (12-18 rats in control groups
and 6 rats in treated groups) were given granuloma pouches by the
subcutaneous air pocket and croton oil technique described in the Sutter
paper. Aqueous solutions of KI in doses ranging from 29-466 mg/kg/day
were administered orally in the test animals; controls received water.
Nine days after the croton oil injections the animals were sacrificed
and the exudates in the pouch and the tissues of the pouch walls were
measured. Three separate experiments in this manner were performed.

The results are shown in the following table:
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Effect of KI against granuloma pouch [ormatior';

A. Inhibition of exudate production

Exp. 1 Exp. 2 Exp. 3
Daily dose mg/kg ml % Inh. ml % Inh. ml % Inh.  Av. % Inh.

— (controls) 89+ 18 .. 14018 .. 15510 .. ..

29 Do . 95+26 32 153 + 1.8 1 16
116 ) 43 +18 - 52 62 +13 56 82+ 13 47+ 52
233 3713 58 . ....... e e, .. ..
466 1.7 £ 04 81** 54+ 13 61** 5024 68 70

B. Inhibition of wall formation

— (controls) 1.91 + 026 .. 292 + 017 .. 3.06 + 0.14 .. v

- 29 L .. 246 =032 16 349+ 020 0 8

116 132 £°036 31 2.04 =+ 027 30° 1.88 = 0.30 39** 33
233 126 £ 024 34 . ...... e e T e

466 093 £ 0.11 51** 187 +021 36** 153040 50°* 46

n rats/medicated group, 12-18 rats/control group.
* Significant at p < 0.05.
** Significant at p < 0.01,

The inhibition of exudate formation and of granuloma pouch wall
formation were clearly indicated; exudate was reduced by 70% and wall
formation by nearly 50% at the highest doses of Kl.

A series of similar studies involving cotton granuloma, carogeenan
edema and croton oil| edema produced results which failed to demonstrate an
effective reduction of inflammation by the Kl treatment, as shown in
the table below:

Fffect of K1 against cotton granuloma, carrageenan and croton oil edema, and turpentine

inflammation
txperimcnt . o ’ D“::"ifﬂ' l':i'l,t'l:lls onnl:I‘\:x‘:ll:?z:n % Inh, -
(otlon granuloma : ’ . .
formation in rats 466 e . 541 + 52* 7
: " . «—(controls) 9 581 + 4.6
Uarrageenan edema in rats 800 .5 476 + 45+ 4
’ — (controls) 10 495 + 32 .
Ceoton ol edema in rats 800 6 251 + 90} 13
’ * — (controls) 6 290 + 24 ..
'“_mt‘mine inflammation . !
n monkeys '
8) 5-hour edema 100 2 71 & 15¢ 0
- — (controls) 3 64 = 14 ..
b) 7.day abscess 4 100 2 352 + 634 (1]
— {controls) 3 338 + 63 “
————
: ::: :: :'l‘::'::?nulﬁmalou- tissue,
“re indices,

ms of b measurements of abscesses (size indices) over 7 dayg.
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Five Rhesus monkeys (2 treated with Ki, 100 mg/kg/day; 3 controls),
with induced subcutaneous abscesses due to intradermal injections of
0.1 ml of 25% turpentine, were included in the experiments, the results
of which were shown above. Two of the animals were treated wi+h Ki, 100
mg/kg/day and three served as controls, receiving only water daily.
Periodic measurements of the size of the abscesses were noted during
@ week of treatment. The K| did not produce a measurable reduction in
abscess size. All the data from five types of induced inflammation
indicate an "anti-fibrotic" effect of the Ki treatment.

The anti-atherogenic effects of large doses of Kl in rabbits
was confirmed by experiments performed by Moyer et al. (250). Male
rabbits of the Dutfch belted strain were fed a diet containing 2%
cholesterol and 6% corn oil, augmented by Kl or diiodotyrosine.
Thyroxine was intraperitoneally injected in doses of 0.05 mg 3 times
weekly. After 8 weeks the animals were sacrificed and aortas examined
for atheromata, sera were assayed for cholestero! and lipoproteins,
and livers were excised and analyzed for cholesterol. The results are
shown below:

TABLE I. Autopsy Findings on Rabbits Fed Cholesterol Diets Augmented by KI, Diiodoty-
rosine and Thyroxine.

Serum
No.of Wt change chol. Liver wt  Liver
Group* animals (g) Atheromata (mg %) (g) chol. (%)
——i?xp. 1 : ‘
19 KI 9 —_ 55¢ . 2170 70 2.9%
Bt 10 —_ 1.55 2260 98 8.3
Exp. 2 :
19% K1 ' 8 106 1.00§ - 3830 —_ —
B - 14 212 2.70 3150 —_ —
Exp. 3 : : Areh Thoracie ’
.001% KI 10 132 2.20 1.40 2520 89 41
01% 9 60 2,11 1.44 2610 81 3.9
A% 7 8 -3 1.94 1.00 2490 - 75 3.6
1 9% 7 -59 98§ 14 2400 63 2.3%
DIT|| 10 117 2.65 1.40 2360 67 3.7
1 10 -51 1.75 75 2270 88 4.0
B 7 81 2.43 93 - 2800 80 4.0
* All diets contain 2¢, cholesterol, 6% oil. t B — Basic diet. t p <.0001.
§ p <.001. il 0.1% diiodotyrosine. 1l Thyroxine, 0.15 mg/wk, i.p.

TABLE II. Serum Lipoprotein Levels of Rabbits Fed Cholesterol Augmented by KI, Diiodoty-
rosine and Thyroxine. :

r—————=S8erum lipoproteins, 8; mg ¢p—— -,

Group* 0-12 12-20 20-35  35-100 100400 Total
Exp. 1
19, KI 480 727 528 650 461 2846
Bt 165 550 851 650 411 2627
Exp. 2
1% KI 998 649 016 1064 1209 4536
B ) 362 750 1223 1309 682 4326
Exp: 3 '
ON10l KT 201 s 1006 1588 GYG 1006
D019 7 158 490 864 1000 546 3058
A9 208 491 786 1106 816 - 3407
1 9% 7. 367 464 522 956 1050 3359
DIT$ 186 448 773 1202 8§29 . 3438
T 115 274 675 - 933 861 2858
B 241 481 845 1301 1073 3941
FAN Jinde comtain 000 000 ey U D did + U.lvo ulluduiyrosine,

¥ Thyroxine, 0.15 mg/wk, i.p.
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From the data observed, only large amounts of Kl given orally in
the diet of the rabbits had significant effect in reducing the formation
of atheromata. Serum cholesterol and lipoprotein levels were elevated
in all animals, but on the whole, levels of Iiver cholestero! were lowest.

Blum and Eisenbird (40) reported that a potential hazard of the
application of nuclear energy lies in the exposure to |131 as a result
of nuclear weapons testing, or from industrial, medical or research use
of this radioisotope of iodine. Accidental exposures have been reported,
and in at least one instance resulted in thyroid nodules, hypothyroidism
and short stature. Of several radioisotopes of iodine, 1131 is of
~ greatest concern because of its long half-1ife and energetic beta and
gamma emissions. Atmospheric radioactive iodine is deposited on
foliage and areas grazed by cows, and cow's mi Ik is the principle route
for human absorption of the iodine particularly by children. The
sequestering of iodine by the thyroid has led investigators to study the
effect (therapeutic) of administering stable 1127 in the form of Ki before

exposure to the raticactive iodine in order to reduce the uptake of
| 131,

Sixty-two healthy volunteers, 37 men and 25 women, of ages 21-72
years were given a standard dose of 1.5 nanocuries (1.5 x 10-3 microcuries,
carrier free) of Nall31 in 10 ml water. Thallium activated sodium iodide
scintillation crystals were placed on the neck of the subject over the
thyroid gland, and a counter was used to determine the iodine uptake
by the thyroid. Doses of stable KI127 in amounts of 5-1000 mg were
administered prior to, with, or following radioactive doses under various
conditions. The data are shown in the following table:

:‘:;'rw,‘. ""l Uptaae Lefore and Specifier: Times After
Siie Jose of Potasstum fodige 1. d Resultant Heduchon of Uptake

Time of 24-Hovr Uptahe, %
K 0 Dase Sublect — Y ~ -+ se=  ReducHon
hee ___No. . Before ki Atter i In Ugtake, %,

33 e 73

a 3z
T 9
34
. 19
i o Bt 10

PHOLTs after 45T L8 4Lon Of d0diun ao.aue i 131,
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A dose of 100-200 m? of KI given before exposure fto 131 largely
prevents the uptake of 1131; even shortly after exposure it minimizes
the radiation dose. '

No toxicity of the Kl was observed, but some patients have shown
allergic reactions to the iodide, and should avoid its use. Given as a
single dose, Ki is both harmiess and highly effective in treating 113!
exposure.

Davis and Saunders (72) reported a medical case involving a 48-year-
old man diagnosed as suffering from tabes dorsalis (locomotor ataxia).
A gram of Ki was given 3 times daily together with intramuscular
bismuth subsalicylate. After several weeks of ftreatment, purpura of
the lower extremities appeared. The bismuth was suspect and was
discontinued; the purpura persisted. Discontinuation of the K| caused
the purpura fo disappear. Subsequent experiments produced purpura by
a single dose of 0.3 gm of KI. The authors recommended that use of
KI' in therapy should be closely watched for the appearance of purpura as
evidence of a toxic reaction.

Ten case-histories of potassium iodide therapy of asthma were
described by Siegal (332). The typical therapeutic dose of K| used to
suppress the symptoms of asthma consisted of 2 tablets of 0.3 gm, 4
times a day (total 2.4 gm/day) over a period of years without ill-effect
and with complete remission of asthmatic symptoms. These groups of
patients, however, were atypical; several hundred other asthmatics
showed slight or no benefit from iodide therapy. Siegal noted that
iodide therapy in bronchial asthma is probably effective in only 5-10%
of the cases; side-effects frequently appear in the form of gastrointestinal
upset, epigastric pain and minor skin eruption. Some instances of
iodide causing a flare-up of tuberculous lesions were observed and the
treatment is contraindicated in tuberculosis. The mechanism of the
asthma-suppressive action of iodide was said to be "obscure". Following
the presentation of Siegal's paper, a discussion by various medical »
practitioners with differing viewpoints of the utility of iodide therapy
in asthma was reported.

Mann (223) studied the possible therapeutic effect of orally
administered potassium iodate on the blood sugar response of rats
injected intraperitoneally with thiourea. Twenty-four rats of both sexes
were separated into 2 groups of 12 each. Rats of group | weighing from
148 to 398 g were bled for glucose determination then injected with
10 mg/kg thiourea intraperitoneally; 2 1/2 hours later a second blood
sugar defermination was made. The 12 rats of group I! ranging in weight
from 147 to 392 g received 0.2% potassium iodate in the drinking water
"ad libitum" for 2 days after which blood sugar was determined and
thiourea (10 mg/kg) injected as in group |. Two and a half hours later
a second blood sugar determination was made. The following tables show
the results:
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TABLE 1.
Effect of Thiourca on Blood Sugar Level of 12 Non-fasted Rats. Second blood. sugar reading
(B) was taken 2% hr after rats received 10 mﬂkg thiourea intraperitoneally.

e e
Wt Blood Sugar (A) Blood Sugar (B) Difference

Sex g mg/100 cc mg/100 cc (B-A)

M 379 90 165 15

M 387 90 187 97

M 398 86 165 79

M 358 86 117 31

M 148 83 225 142

F 322 86 168 79

F 372 9% 186 96

F 348 79 165 86

F 324 66 140 74

F 317 79 300 21

F 342 109 140 31

F 168 105 186 81

Avg Blood Sugar Incr. 91

TABLE II
Effect of Thiourea on Blood Sugar Level of 12 Non-fasted Rats Previously Fed KIO,. Sugar
reading (B) was taken 2% hr after rats received 10 mg/kg thiourea intraperitoneally.

Wt Blood Sugar (A) Blood Sugar (B) Difference
Sex g mg/100 cc mg/100 cc (B-A)
M 383 63 79 16
M 392 59 86 Py
M 366 76 ‘90 14
M 333 90 93 3
M 319 63 . 97 34
F 285 93 105 . 12
F 315 105 122 17
F 186 102 97 —5
F 147 . 69 86 17
M 193 _ 83 97 14
M 201 920 97 7
M 150 73 93 20

Avg Blood Sugar Incr. 14.7

The average rise in blood sugar in group I of 91 mg/100 cc
compared to only 14.7 mg/100 cc in group ||, shows the iodate to be an
effective agent in preventing hyperglycemia following thiourea injection
in rats.

McCreesh and Mann (235) demonstrated that sodium iodide and sodium
fodate fed to rats injected intraperitoneally with thiourea solution
(10 mg/kg body weight of 0.5% aqueous) would greatly diminish the
hyperglycemia which normally follows injections of thiourea. Male albino
rats of the Wistar strain were used in the experiment; 27 were given
10 mg/kg thiourea intraperitoneally, serving as controls; 12 were given
Nal in the drinking water for 2 days, then were injected; 12 were given
NalO3 as above and injected with thiourea. The rats in the first group
weighed 182-270 g; in the second group, 138-182 g, and in the third,
125-252 g. In each instance, blood samples were taken after the 2-day
pretreatment and at 2 1/2 hours following injection of thiourea. Blood
- glucose in each sample was determined. The first group receiving no
iodine showed an average blood sugar rise of 69.85 (+ 33.39) mg/100
ml of blood at 2 1/2 hours after injection; the average blood sugar
rise in the iodide-treated group was 16.21 (* 13.62) mg/100 ml of blood;
and in the Jodate-treated group, 20.53 (£ 12.54) mg/100 mi of blood.
The sodium iodide and iodate both reduced the hyperglycemia characteristic
of thiourea injection.
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{1}, Metabolism and Excretion

The Silberbergs (337) reported that the three phases in the Iife
cycle of skeletal tissue development in growing mice were stimulated
by intraperitoneal injections of 0.1 cc of 2.5% solution of potassium
iodide in water. Twenty-eight male mice, 8 of the closely inbred strain
C57 and 20 of the C3H strain were used in the experiment. Of the C57
mice, 2 were injected for 4 consecutive days and then sacrificed; the
remaining 6 animals were injected for 5 consecutive days, then untreated
for 2 days. Pairs were sacrificed after 1, 2 and 4 weeks following the
first injection. The C3H mice were similarly treated but allowed to
grow for 2, 3, 4, 5 and 11 months. Four untreated males of the C57
strain and 10 of the C3H strain served as controls. At necropsy, tibia
and femur were removed and the upper tibial growth zone was selected
for histological study. A temporary increase in the proliferation of the
epiphyseal and articular cartilages was observed, with accelerated
regression of the articular cartilage. Stimulation of bone formation is
subsequently followed by more rapid resorption of bone. The skeletal
effects of KI treatment resemble those caused by administration of
anterior hypophyseal hormone and of thyroxin, but to a lesser degree.

Siebert (327) noted that previous investigators had found that
potassium iodide given guinea pigs stimulated the thyroid gland and
affected only very slightly the basal metabolism, which should have
been stimulated by the increased thyroxin. The author thyroi dectomi zed
12 male guinea pigs weighing between 400 and 450 gm, and 3 weeks later,

8 of the animals were given 0.05 gm of Kl by mouth daily; the remaining

4 served as controls and were untreated (thyroidectomized, but no KlI).
Biweekly metabolism tests were made, showing basal metabolism values of
from 2.0 to 3.14 calories/kilo/hour in controls, and 1.91 to 3.42
calories/kilo/hour in the animals to be treated before K| was administered.
During the 14-30 days of the experiment the Ki-fed animals showed basal
metabolism values of from 1.52 to 3.30, and in all but a few determinations
the rates were .distinctly lower than those of the controls. The
respiratory quotients were distinctly higher in the Kl-fed group than

in the control animals.

A three-fold investigation of the effects of KI, Nal and
lod~Ethamine on blood fodine was reported by Boyd and Blanchaer (45):
first, give rabbits by stomach tube doses of 1 gm/kg body weight of these
three iodides and note the changes in concentration of alcohol-
soluble ("inorganic") fodine and alcohol-insoluble ("protein") iodine
in the blood; second, compare Kl and Nal effects on the level of blood:
"protein" iodine; and third, determine whether organic iodide, |od-
Ethamine is better in prolonging post absorptive blood iodine than are
the inorganic iodides, Kl and Nal.

Three groups of 18 rabbits each were given 1 gm/kg, by stomach
tube, of the iodides: Group A, Ki; Group B, Nal and Group C, lod-
Ethamine. Blood samples were taken at intervals of 0, 0.5, 1.5, 2.5,
3.5, 6, 9, 15, 18, and 24 hours after administering the iodides.
Extraction with alcohol ylelded the alcohol-soluble, non-protein
blood iodine; the remalning residue contained the alcohol-insoluble
fraction, or protein iodine. The iodine content of the two fractions
was determined; the following figures show the results:
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All three iodides produced a rise and fall in both fractions of blood

jodine; the values for alcohol-soluble (inorganic) blood iodine rose

higher but fell more rapidly than values for the protein iodine fraction.
Both fractions were maintained at high levels longer with KI than after

Nal. lod-Ethamine produced high levels in both fractions for shorter

periods than K|, but longer periods than for Nal. Blood iodine concentration
and respiratory-tract fiuid iodine concentration were of the same order;

the latter appeared to be of the nature of a simple diffusion from the

blood (author's conclusion).
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Biochemical Aspects

|+ Breakdown

None

I'l. Absorption - Distribution

Mittier and Benham (247) investigated the availability of iodine
from several iodine compounds as might be used in animal salt blocks;
such a source should be insoluble to prevent leaching out through exposure
to moisture. Potassium iodide, cuprous iodide, di iodothymo! and 3-5-
diiodosalicylic acid were tested for available iodine in the diet of
4-week old Sprague Dawley female albino rats (35-50 gm). Controls (5)
Group A, were raised on a low-iodine test diet, four other groups of 10
rats each were given one of the four iodine compounds in the diet.
Group B received 265 micrograms of iodine (as Kl); group C received the
same amount in the form of Cuply; group D, diiododithymo!l and group E,
3-5-diiodosalicylic acid. After 5 weeks of these diets, the animals
were sacrificed and the thyroid glands dissected and weighed. The
results are shown in the table below:

TABLE
Advailability of iodine from several sources

(Fenﬁale albino rats given 10 gm of food daily for 5 weeks)

" ADDITION TO . NUMBER AﬁMGE WEIGHTS
GROUP XODI;IXE;-:R«EE 10DINE SOUROCE OF ANIMALS Body Thyroid gland
ks ™
A (control) none none 5 111.4 154 + 3.5*

- B 265 K1 10 105.2 100 + 1.1
C - 265 Cu,I, ' 10 100.1 9.8 +19
D 265 diiododithymol 10 101.6 125+ 24
E 265 3-5-diiodosalicylic acid 10 99.0 119 +14

) Standard deviation,

A second experiment showed the influence of different doses of Cuzlo in
protecting the thyroid gland of albino rats raised on an iodine-
deficient diet. Dosage levels studied were 150 micrograms iodine from
Cuplo/kg iodine-free diet, 200 and 265 micrograms. Since the rats
consumed about 10 gm of food dally, as little as 1.5 micrograms of iodine
per day from Cuyl, prevented thyroid enlargement. The results of this
experiment are shown on the following page.

36



Availability of iodine from Cul,

" (¥emale albino rats allowed feed at will for 6 weeks)

ADDITION TO NUMBER AVERAGE WEIGHTS
aour - OF ANIMALS Body Thyroid gland
solto - Nl et
F (control) none 5 1382 181 +21*
G 265 , ‘10 1413 7318
H- 200 10 140.1 . 8522
1 150 9 . 139.8 9.2 + 24

! Btandard deviation,

A third test using the Cuyl,, KI, and the two goitrogens at very low
doses over 8 weeks time demonstrated a protective influence of the four
iodine sources even when given only twice a week; apparently the iodine
is retained In the body and not too rapidly excreted. The retention of
the lodine is shown in the following table:

‘Retention of iodine from several iodides

(Albino rats given 5.25 ug of iodine weekly for 8 weeks)

NUMBER AVERAGE WEIGHTS

arouP | IODINE 80URCE or ANDIALS e g eryr—
‘ m "5.%;".2,‘{;’,‘,;’ 4
-J (eontrol) none ' 9 155.6 40.86 + 5.2
K KI 10 148.2 12.48 + 2,47
L . Cu,l, 10 149.5 9.62 + 2.06
M diiododithymol 9 150.2 14.34 * 2.05

N 8-5-dijodosalicylic acid 10 149.7 13.53 = 2.6

? Btandard deviation.

The absorption of potassium iodide from the gastrointestinal
tract of man and rat was the subject of experiments performed by Small
et al. (349). Those studies using rats are described here.

Wistar strain male rats weighing between 147 and 181 g were divided
into two groups, one of 11 rats and one of 12. The animals of the first
group were secured to boards, shaved and the abdomen infiltrated with
1% xylocaine hydrochloride. A polyvinyl tube was inserted into the
stomach through a midline incision and the stomach washed with distilled
water. Two ml of 25% solution potassium iodide (in 0.01 N HCI) was
then injected into the stomach, the tube removed and the incision
closed. After one hour, the animals were sacrificed, the stomachs removed
and contents extracted with demineralized water. A second group of 12
animals was similarly treated, but the iodide was injected into the
duodenum. After one hour these rats were sacrificed, the entire
gastrointestinal tract removed and the intestine examined for retained
fodine. Absorption of iodine in group | was 14.9%, in group I1,
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48.9%. |t appears that the small intestine is the principal site of
iodine absorption in rats.

As was previously described under rat experiments with potassium
iodide absorption by Small et al. (349), the small intestine in human
patients given potassium iodide appears to be the site of absorption.

A number of subjects (not given) were administered orally a solution of
0.25 g of potassium iodide after a 14-16 hour fast. Mouths were rinsed,
and saliva col lected and tested every 2 minutes for iodine (1 ml

saliva added to 1 ml, 1% starch solution containing 4 drops 10% FeClo
solution, a test sensitive fo as |ittle as 0.0027 mg iodine). Ten

normal subjects showed a positive test for iodine in from 6 to 10 minutes
after ingestion; seven of these were retested with the addition of

BaS04 to the iodide solution ingested and the subjects observed under
fluoroscope control. No iodine appeared in the saliva until the radio-
opaque BaSO, medium had been seen to pass into the duodenum. Several
previously tfested subjects were instilled with the iodide directly into
the duodenum whereupon the saliva tested positively for iodine within

2-4 minutes after intubation. Similar tests upon four alcoholic patients
gave the same results when intravenously injected with iodide, or

given the iodide-BaSO4 mixture and observed fluoroscopically.

The fate of iodine in the intestinal tract and its subsequent
excretion and availability were studied by Harrison et al. (119).
Seventeen hospital patients were observed. A diet fixed at a low level
of 35-40 micrograms of iodine per day was supplemented with tablets of Kl
to bring the total intake to about 100 micrograms/day. After allowing
10 days on this diet to establish an equilibrium between intake and
excretion, feces and urine were collected and analyzed for iodine
content.

Seven individuals with normal thyroid function showed a mean fecal
excretion of 15.0 micrograms/day and urinary iodine of 61.8 micrograms/
day. Five patkents with thyrotoxicosis showed fecal excretion of
37.2 micrograms/day and urinary, 53.6. Three hypothyroid patients
showed low fecal levels of iodine; urinary iodine was normal in 2
patients, high in the third. Two patients with non-toxic goitre showed
normal fecal levels and low urinary iodine.

All results indicated that when the dietary iodine level is
fixed, fecal excretion varies with the thyroid activity; urinary iodine
excretion in thyrotoxic and hypothyroid patients was essentially
normal, but low in the non-toxic goitre patients.

Since fish is the chief source of iodine in Great Britain
(iodized salt is not widely used), studies similar to those described
for humans were performed on haddock and plaice. The fish were
injected in the coelomic cavity with 1131 (100 microcuries) and after
48 hours, the fish were fed to patients. Urine and fecal samples
indicated that the fodine in fish was completely absorbed from the
alimentary tract of the patients. Cooking the fish resulted in iodine
losses of 50-82% in bolled fish, and about 20% in grilled or fried
fish. These are important data when considering dietary sources of
lodine.

The effect of environmental temperature and potassium iodide
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supp lementation on the excretion of iodine by normal human subjects was
studied by Spector et al. (355). Five young men, 20-28 years of age,
for 8 hours a day, 5 days a week for 8 weeks were kept in an air-
conditioned room alternately "comfortable" for a week and "hot moist" a
week, unclothed. Each day was begun with a thorough cleansing and rinsing
of the body. All perspiration (sweat) was carefully collected in
various manners; food was measured, feces and urine were collected for
analysis of iodine, as was the sweat. Body weights to the nearest gram
were noted before and after entering the chamber. The net loss of

body weight under comfortable conditions (28.9 degrees, 50% relative
humidity) averaged 92 gm/hr, largely unsensible vapor; the net loss under
hot moist conditions (38.3 degrees, 69% relative humidity) averaged

676 gm/hr., largely sweat. At one point, undiluted sweat was col lected
in a beaker held to the body; the concentration of iodine measured

0.95 gamma per 100 cc. A single dose of 2 mg KI (presumably oral, but
not stated by the authors) increased the average concentration of
iodine fo 3.18 gamma/100 cc; 14 daily doses of 2 mg Kl produced no
significant increase beyond that of the single 2 mg dose. No evidence
was gathered showing that sweating increased the iodine requirements of
the body. About three-fourths of the total iodine lost from the body
was by urine excretion. Increased iodine intake resulted in increased
urine excretion of iodine.

IV. Effects on Enzymes and Other Biochemical Parameters

Homer (132) presented evidence that potassium iodide (200 mg/day
for 3 days), administered to rats on a sterol-free diet, produces a
moderate hypercholesteremia. Male Long-Evans rats about 12 weeks old
were divided into 3 groups of 25, 23 and 10 rats, and placed on a fat
and sterol-free diet. After 24 hours of this diet, blood samples were
taken for initial plasma cholesterol determinations. For 3 days the
animals were apesthetized and fed the test materials by stomach tube.
The 25 experimental rats received 200 mg Ki (200 mg/cc) daily; the
23 controls received 1 cc Hy0 daily; the 10 rats were given 200 mg
KCI (200 mg/cc). Three hours after the last tube feeding, blood
samples were again collected and analyzed for cholesterocl. The average
plasma cholesterol concentration in the Kl-fed group rose from the
pretreatment level of 50 mg % to 92 mg %; the H,0-fed animals rose
to 60 mg %; and the KCl-fed group rose to 64 mg %. The mechanism by
which the iodide influences the cholesterol levels in the blood was
not known.

Cell membranes are not normally permeable to large protein molecules
as represented by thyroglobulin with a molecular weight of about 700,000.
I+ has been suggested that thyroid enzymes hydrolyze thyroglobulin into
smal ler polypeptides or peptones capable of passing through cell membranes,
after which they would be recombined into the large molecules by other
enzyme activity. Dziemian (82) devised experiments on rats and guinea
pigs to determine variations in the proteolytic activity of whole thyroid
tissue In various physiological states. He fed the animals potassium
iodide, sulfaguanidine and thyrotropic pituitary factor and performed
hypophysectomies.

39



—

Ten rats (not described) were fed Purina dog chow and greens, ground
and mixed with 1% by weight Kl; 14 rats were injected intraperitoneal ly
with a 0.2% solution in 0.85% NaCl of a thyrotropic factor containing 1
mg of the pituitary factor; 12 rats were given 2% sulfaguanidine by
weight in the diet; 10 rats were hypophysectomized; and 10 were first
fed 2% sulfaguanidine for 3 weeks and then hypophysectomized.

After sacrifice, the thyroid glands were weighed, minced and
treated for analysis of the amount of protein digestion. The results
are shown below:

TABLE
TIME OF NO oF "I:‘(’l’ ; ";'/20 T g‘:;“:“ ’;‘Siﬁ'&ﬁf‘é’.&f’
TREATMENT RATS THYROID NOKMAL “,':fl’g.‘m
duys
tats on 7 2 13.50 + 30.9
KI diet 14 2 11.88 + 15.2 1
16 2 12.73 + 234 6.5
38 2 10.94 4 6.1
40 2 9.29 — 9.9
hours
wts treated with 2.5 8 13.36 + 29.6
thyrotropic 21 2 13.33 + 293 ‘l 6.6
pituitary factor 48 2 13.40 + 30.0 *
10 g.p.u. 72 2 11.03 + T.Of
days
Rats on sulfa- 1 2 10.36 <+ 0.5 9.9
guanidine diet 3 2 7.62 — 26.1 8.6
5 2 8.22 —20.2 14.3
7 2 7.96 — 228 164
14 2 7.19 — 30.2 24.8
21 2 8.80 —14.7 20.4
. dayx . .
Hypophysecetomized °1 10 8.01 — 223 5.6
Tats on normal diet '
Hypuphysectomized 21 10 - 11.61 + 126 3.8
rats on sulfaguan-
idine diet

Ten guinea pigs were similarly treated, receiving injections
of 0.1 cc thyrotropic pituitary factor twice daily for five days;
the higher dose were Injected with.0.5 cc of the factor. After sacriflice,
the thyroid proteolytic activity was determined in the same manner as
for rats. The results are shown below:

~

TABILE

e e
B A LA ca. /20 T Y
PlGS PR THYROID NUKMAL welT
Guinen pigs treated 2 50 8.60 — 0.6 139
with thyrotropie 4 250 9.70 -+ 12.2 37.3
- pituitary factor 4 /430 10.64 -+ 23.0 54.2
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Both rat and guinea pigs showed increased proteolytic activity for some 48
hours after injection of the thyrotropic pituitary factor. The Kl
treatment also increased proteolytic activity of the thyroid up to

about 38 days of feeding, after which the activity became normal or

below normal. Sulfaquanidine feeding decreased the thyroid tissue
proteolytic activity, as did hypophysectomy.

An experiment to test the effect of thiouracil-iodide mixtures on
the growth of young rats, and to compare this effect with the thiouracil
used alone, was reported by Taylor and Barrett (372). Male Sprague-Dawley
rats, 25-65 days of age, were grouped by weight and fed diets of ground
Purina Fox Chow (1.3 ppm iodine) mixed with powdered thiouracil, Nal
or Kl singly or in combination at a level of 3 micromoles/g of feed
(0.0384% thiouracil, 0.0497% KI). Amounts of food and drug consumed
were recorded daily and weights of the animals taken weekly. After 14
weeks the rats were sacrificed, lengths measured, organs removed and
weighed. Some organs were analyzed for iodine, others were prepared for
histological examination. The results are shown below:
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FIG. 1. Effcct of antithyroid treatment on
weight gain, A—A Control, X—3% Thiouracil +
KI. ©—© Thiouracil 4 KI 6 wk, KT 8 wk. @ —@
Thiouracil -+ KI 8 wk, plus thyroid powder 6 wk
(1 mg/g diet), O—O Thiouracil 4 KI 6 wk, thio-
uraeil 8 wk. Drug concentration 3 gmoles/g feed.

Number of animals shown on curves,

41



TABLE Effcet of Antithyroid Treatment on Feed Consumption, Body Waights and Organy
. of Rats, Starting Age 24 Duys; Treated 14 Weceks.*

————— Dietary additive, 3 umoles/g feed ————,
Controls KI Thiouraeil Thiouracil + KI

Fecd consumed, g/rat/day 16.5 17 -16.6 10.8
Drug intake, mg/rat/day L — 8.5 6.4 4 (Thiouracil)
: 5.1 (KI)
Wt gain, g 336 340 330 112
Length in ¢cm, breeeh to nose 23.3 23.4 23.3 ) 19.4
Organ wt, mg/100 g body wt o
< Thyroid 6.5 7.0 16.0 15.6
(74)t  (121) (6.0) (21.0)
Pituitary 2.4 2.4 2.8 4.5
Spleen 185 190 170 138
: ‘ (2) (2.0) 3) (2.0)
Heart _ 278 270 265 246
' (4 (1.1) (.6) (3.3)
Testes 946 940 981 1622
(<.1) (2 (<D (.6)

* For italicized values compared with controls, P =05, :
t Total iodine, in parentheses, as 4g/100 mg fresh tissue; 6-16 tissues of each kind analyzed,
Values of less than 1 ug for a whole tissue are approximate only. .

The combination thiouraci|-KI diet repressed growth, but neither
substance singly affected growth of the rats. The combination diet
effect could be reversed by adding thyroid powder to the diet (1 mg/g)
or by removing the thiouracil; thiouracil| alone could maintain growth
repression once established. As others have reported, the action of the
thiouraci I-KI appeared to be synergistic; this synergism may operate
by causing a prolonged and greatly increased sensitivity toward
thiouracil. The actual mechanisms involved in antithyroid action are
unknown (author).

Goitrogens, substances that apparently interfere with the thyroid
production of thyroxine, a growth regulator, can be overcome, or their
action prevented, by the addition to the diet of certain animal +issues
according to some investigators. Ackerman (3) reported that the diet
had profound effect on the response of rats to the goitrogens thiouracil
and sulfaguanidine. Duodend| tissue was selected as representative
of animal tissue found to be capable of reinstating growth in goitrogen-
fed rats. An effort was also made to determine the relationship of
the iodide level of the diet and the unexplained fatal effects of
gol trogens.

Weanling male Sprague-Dawley rats (35-45 gm) were fed a basal diet
including 0.13 micrograms iodine/gm diet. Thiouracil and sulfaguanidine
were added to the diet. Duodenal powder replaced the diet in part in some
cases, and Kl in aqueous solution (3.0 gm/liter) was added to the diets
in experiments to determine the effect of Kl on growth and organ welghts
of sulfaguanidine and thiouracil-fed rats. The following figure shows
the results and is self-explanatory: (8 groups of 6 rats each provided
the data).
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Fig. 2 The ability of duocdenal powder to maintain and reinstate growth of thiouracil
and sulfaguanidine-fed rats. All diets contained 30 xg of KI/gm. Normal, 3 normfll
4 4% of duodenal powder, X %3 1% of sulfaguanidine O~~—~~0; 0.1% of thiouracil,
G ———~~g; solid symbols indicate that 4% of duodenal powder was added to the diet.
Goitrogens wcre removed or duodenal powder was added on the forty-first day (arrow).

Additional experiments with commercial laboratory chow and also with
radiolodide in the form of Nall3! were performed. The author notes
that the role played by iodide appears to be complex. High levels

of iodide seem to function synergistically with goitrogens in blocking
the synthesis of the thyroid hormone. Animal tissues such as those

of the duodenum used in these experiments, it is suggested, contain
thyroid hormone-active material.

The stimulating effect of KI on the thyroid gland, parathyroids and

adrenal gland, as evidenced by mitotic activity of those tissues, was
the subject of investigations performed by Blumenthal (41). The
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Fig. 1 Effect of zero, 10, and 30 ug of KI on growth of sulfaguanidine or thiouracil-fcd

rats, Basa] diet, X X; 1% of sulfaguanidine —-Q---0O-; 0.1% of thiouracil,
- . The figures at the termination of each curve indicate the amount of KI added to
the diet in micrograms per gram of diet.

Thiouraci| alone was more effective as a growth inhibitor than was
sul faguanidine; the addition of 1-30 micrograms KI/gm of diet enhanced
the growth retardation effect of the goitrogens.

A second experiment basically similar, but adding duodenal
powder to the diet showed that the powder (4% of the diet) was effective
in maintaining the growth of rats fed either thiouraci! or sulfaguanidine.
Normal thyroid function is restored when the goitrogens are removed
from the diet. The results of this experiment are shown in the figure
on the following page. |,
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influence of age, diet and dosage as factors were also included in
the study.

Two experiments are described: in the first, three groups of
guinea pigs were used; group |, 52 males just weaned (about 2 weeks
old, weighing 100-115 gm; group |1, 46 guinea pigs of 4-6 weeks old,
180-200 gm weight; and group |l1, 24 animals, 390-420 gm, 3.5-4 months
old. In the second experiment 123 guinea pigs were similarly
divided by age, weight and diet. In the first experiment three
further subdivisions of each group were made on the basis of diet;
all received a basal diet of lettuce, carrots and oats. One sub-
division was fed only the basal diet; one received Purina rabbit
chow including iodine-free salts as supplement; and the last sub-
division received the same diet as the second, except that 0.5%
iodized salt replaced the iodine-free salt. In the second experiment,
KI in daily doses of 0.01 or 0.05 gm were intubated gastrically for
periods ranging from 5-50 days.

At the termination of the experimental feedings, the guinea
pigs were sacrificed, the thyroid, parathyroid and adrenal glands
were removed and prepared for cytological examination. The number
of mitoses seen in tissue sections were recorded as mitoses/total
gland in thyroid; mitoses/10,000 cells in the parathyroid; and
mitoses/section in the adrenals. The results indicated that the
addition of very small amounts of Kl in iodized chow to the diet of
2-6 week old male guinea pigs increased the growth (mitotic) activity
in thyroid and parathyroid glands. Older guinea pigs (3-4 months
old) do not show this effect. The animals maintained on iodized chow
showed a greater response to subsequent larger doses of KI than those
on iodine-free diets. The administration of larger doses of Kl
(0.01-0.05 gm) show maximal response in thyroid and parathyroid
glands at about the 15th day, followed by a decreased effect.
Confirmation of observations showing a parallelism between the
effect of KI on thyroid and parathyroid glands resulted from these
experiments; there was also evidence of a slight Increase in mitotic
activity in the adrenal cortex from the 8th to the 15th day of
treatment with Ki.

Gray and Loeb (107) in an early paper on the thyroid gland and
the effects of iodine on the thyroid, discuss the somewhat anomalous
results of various investigators. Loeb concluded that thyroid
tissue might respond to both a deficit and a surplus of iodine, as
though the thyroid gland is adopted to a definite amount of iodine
for normal function and that any change - diminution or increase -
disturbs the normal cell equilibrium and acts as a stimulus.

The question is raised whether or not the administration of
iodine on an intact, normal thyroid gland will serve as a stimulus
and induce proliferation of the thyroid tissue (produce a goiter).
In order to determine in a definite and quantitative manner the
effect of iodine on the thyroid, the authors estimated from
cytological examination of tissue sections, the number of mitoses
present at a given time in the gland.

Several series of experiments were performed. |In one, 5 guinea
pigs served as controls, 6 animals were fed daily with 0.05 gm Ki
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and 4 were fed dessicated thyroid gland. The basic diet was the same
for all animals. At the end of the test, the animals were sacrificed,
thyroid glands were removed, fixed in Zenker's solution and serially
sectioned. Every tenth or eleventh section was examined and the
number of mitotic cells counted. An estimate of the total number of
mitoses for the thyroid gland was then made. An average of 192
mitoses was found in the controls, 719 mitoses in the animals fed
potassium iodide, and 64 for those fed 0.1 gm thyroid gland daily for
18-30 days. Additional similar experiments gave much the same result;
the number of dividing cells in the KI groups was about 3 1/2 times
that of the controls and 2-3 times that of the thyroid-fed animals.
During the early stages of the experiments, cytological examination of
the acini showed |ittle difference between controls and Ki-fed; in
later stages, after several months, the acini of the Kl group tended
to become larger with the colloid content markedly retracted, and

the epithelium flattened and cell walls thinner.

The administration of thyroid gland material substituted, as
it were, for the activity of the normal gland and depressed its
activity; the Kl provided more of the precursor of thyroid hormone
and stimulated the growth of the gland.

These experiments were followed in 1937 by a study of Margolin
(226) in which very small oral doses of K|, as small as 0.0001 g,
dai ly produced in guinea pigs a slight stimulating effect on the
thyroid as measured by mitotic counts and increased average size of
the acinus cells. :

A study of an "inactive zone" between the action of small,
trace quantities of iodine and of large doses in phagocytosis of
leukocytes in guinea pigs was performed by Gerasimova (102). Thirty
guinea pigs were divided into three groups: the control group
received water; the experimental animals were given orally aqueous
solutions of Kk daily at levels of 1 gamma/kg, 40 gamma/kg or 160
gamma/kg body weight. Phagocytosis of leukocytes was determined
before administration of Kl and at 5 and 15 days after administration.
The large dose, 1600 gamma/kg, inhibited phagocytosis, small doses
of 1 gamma/kg increased it; the 40 gamma dose had no effect on
phagocytosis even after 15 days of daily administration.

I+ has been observed that the iodine of blood plasma or serum
exists primarily as a protein-bound form associated with thyroxine,
and in healthy person the concentration remains constant with
the normal intake of iodine present in the diet. Increases or
decreases of thyroid activity produce corresponding changes in the
level of protein-bound iodine in the serum. The effects of moderate
and of massive doses of potassium iodide in human subjects was
studied by Danowski and Greenman (65). Moderate doses of Kl were
given to four healthy male adults, 0.2 cc of a saturated solution
daily, later increased to 0.4 cc. Measurements of the protein-
bound iodine in the sera showed no significant change after two
weeks of the iodine supplement. After two weeks, however, the same
or doubled doses of Kl showed a distinct increase in serum iodine,
attributable to organically combined iodine and not to free or
Inorganic iodine.

The limited evidence of the moderate dose effects led the
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authors to study the results of much larger doses of Ki; five hospital
patients, 3 female and 2 male, were given daily doses of KI, up to
3.0 g or as much as 7.0 cc of iodide solution, over intervals

ranging up to 5 months in length. In these cases, described in

some detail - the total iodine serum levels were greatly increased.

No toxicosis or evidence of hyperthyrodism were observed, despite the
doses of 3 to more than 7 g Kl administered daily for from 1 to 4
months.

Koutras and Livadas (173) determined the minimum amount of Kl
which served to inhibit further uptake by the thyroid. Tracer doses
of 1131 of 10 microcurie activity were given orally, with doses of
Kl varying between 5 and 80 mg. The subjects were adults of either
sex with no evidence of thyroid or other disease likely fo influence
jodine metabolism. Ten persons served as controls, receiving only the
radioiodine; 60 persons in- 10 groups of 6 each made up the experimental
groups. The K| was given in water, 15 mg/ml. The results are shown
in the following table:

Table  (Results)

2hUptake®% .| .~ 24 hUpuke®s
Mean S.E. Median | Mean S.E. " | Median."
Control 9.6 2.1 %6 | 321. 38 | 320
1. 5mg KI with tracer 8.4 20 81 | 142 | 27 | 116
2 10 mg KI with tracer 59 2. 6.0 49 | 24 | 45
3. 20 mg KI with tracer 6.1 27 | 53 25 05 | 29
4. 40 mg KI with tracer 37 09 | 42 26 |04 } 27
5. 80 mg KI with tracer 41 17 | 38 | 14 06 | 1t
6. 40 mg K1 2 h before 3.6 r2 33 15 |- 02 4 48
tracer B B Do ! . :
780 mg KI 2 h before, | ~26 ,.[ 06 30, | .14 T .04 4 A&
tracer ] . . . - : v h V e .
8. 40 mg 12 h before 18 0.6 1.3 ~22 | 06 | 20
and 10 mg with tracer Y I e (R A
%80 mg 12 h before 17 | 08 18 21 | o6 | 06
and 10 mg with tracer » S N ]
R 4Omg K1t hafter 97 l.te | s flse. ], 220 | sa
tracer < ' o AR T
. . . L, o e v, . e -

The minimal K| dose completely inhibiting thyroidal uptake is 40 mg,
as shown by the experimental results. The authors suggested that in
cases where it is desirable to block entirely the uptake of
radioactive isotopes of lodine by the human thyroid, initial dose

of 40 mg K| should be given, with minimal maintenance dose of 3.3
mg/day.

Two papers, one by McEachern (236) and another by McEachern and
Baker (237) represent early studies (1930) of the effects of Kl on
human subjects. In the first study, 34 hospital patients ranging
in age from 3 to 80 years were given 2 g Kl daily for from 8 to
140 days and their pulse rates noted. Twelve patients showed a
significant increase in pulse rate; 5 showed a decrease. The
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change was gradual, reaching a maximum at about the tenth day of
+reatment. Rates returned to normal within a week after the Kl was
discontinued.

The second paper involved 14 normal hospital staff members who
ingested daily doses of Kl of 1 g for a week; 2 g Ki/day during
the second week; and 3 g/day during the third week. Four subjects
dropped out due to severe iodide reactions. Before the Kl treatment,
and every five days during freatment, electrocardiographic records
were made. No change of any consequence was observed that could be
attributed to taking the iodide.

Tyrosine and inorganic iodine were noted as the only known
precursors for thyroidal synthesis of thyroxine, in a paper by
Strisower et al (360), which led to an investigation of the effect
of administration of tyrosine and iodide on human serum lipoproteins.

The tyrosine study of 11 male hospitalized chronic schizophrenic
patients, given daily doses of 30 g tyrosine in water for 18 weeks,
produced negative results in blood tests for serum lipoprotein and
cholesterol when compared with 5 patients serving as controls.

Five ambulatory office patients with various illInesses were
given a daily oral dose of 30 mg KI over a period of from 10 to 36
weeks, during which 5-15 blood samples were obtained for serum
lipoprotein and cholesterol analyses. The results of the tests
are shown below:

TABLE = Effect of Potassium Iodide on Serum Lipoprotein and Total Serum Cholesterol
Concentrations.

Serum lipoprotein cone., mg/100 ml

Time serum
* interval . ~ Cholesterol,

. (wk) *g30-12 g 12-20 g5°20-100 52100-400 mg/100 ml Diagnosis Age, sex
of ( 2)* 96 70 525 801 604 Xanthoma 47 &
On ( 9) 16 110 89 582 488 417 tuberosum
off ( 2) 141 107 361 34 268 Xanthoma ' 41¢Q
On ( 8) 14 154 121 355 51 270 tuberosum
Oft ( 4) T 439 30 58 20 247 CVA, hyper- 64 3
On (13) 36 450 40 68 24 259 tension
Of (7 - 856 38 71 22 223 Myocardialin- 55 &
On (15) 35 343 42 67 16 223 farction (old)

o (7 : 1135 118 44 0 618 Xanthoma 52 ¢
On ( 5) 10 1071 106 36 0 567 tendinosum

* All lipoprotein and cholesterol data represent mean values derived from number of blood
samples indicated in parcnthescs.

Potassium fodide produced no consistent changes in serum |ipoprotein
distribution or in cholesterol concentration in the patients studied.
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V. Drug Interaction

None

Vl. Consumer Exposure Information

The addition of iodine to foodstuffs has been motivated almost
exclusively by the necessity for the inclusion of very small amounts
of iodine in the diet for normal thyroid gland production of the
hormone thyroxin, an important growth, development, and metabolic
regulator. Most of the available iodine is concentrated in the algae
and fish of the seas, and where seafood is a common part of the
diet, iodine supplements are not significant. Many geographical
regions of the world lack iodine-rich sources, as seafood in the dleft,
and peoples suffer from goiter or malfunction of the thyroid.
Potassium and sodium iodates or iodides are added to the table salt
or bakery flour fo provide iodine, and golter may be avoided.

Animal feed is also frequently supplemented by salts of lodine.
Mineral waters containing iodine are also available. There is

nothing in the |iterature examined to suggest any hazard in the
present supplementation of foodstuffs with iodine salts.

The following tables were compiled from data subm!tted by user
firms. Food consumption values for each food category were derived
from the Market Research Corporation of America (MRCA) data on
frequency of eating and from the USDA data on mean portion size of
foods in each food category. The food consumption values thus
derived were coupled with the usage level data obtained in the surveys
to calculate the daily intake of each substance.

Table 2 reports the usage of iodine and iodine salts in foods
and table 3 their use in infant formulas and baby foods. Table 11
reports the annual poundage data and table 13 reports the possible
daily intake per food category and total dietary based on food
consumption by total sample.
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IODINE AND [ODINE SALTS
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Effect of Potassiﬁm Iodide aﬁd Duodenal Powder on the

C. J. ACKERMAN
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Blacksburg, Virginia

It has been reported that growth arrest
induced by the ingestion of goitrogens,
could be prevented or overcome by the
addition to the diet of certain animal tis-
sues (Ackerman, '59). An assay based on
the reinstatement of growth of growth-ar-
rested rats, was used to screen a variety of
tissues for their growth-promoting activ-
ity, and it was observed that duodenal
powder consistently evoked a growth re-
sponse under these conditions (Ackerman
and Tsou, '61). This suggested that duo-
denal powder and other tissues contained
thyroid-active material since goitrogens are
considered to exert their effect primarily
by an inhibition of thyroid hormone syn-
thesis (Mackenzie and Mackenzie, ’43;

. Astwood et al,, '43). Observations made

in other laboratories suggest that thyroid-
active material may be present in meat
(Griesbach and Purves, *43; Goldberg and
Chaikoft, '52), in liver (Ershoff, ’54), and
in casein (Van Middlesworth, °52). The
thyroid-active material in these foods has
not been characterized, and it appeared
desirable to investigate the nature of the
growth-promoting activity of duodenal tis-
sue. .

During the course of this investigation,
it was observed that growth arrest could
not be induced by thiouracil when it was
fed in commercial laboratory chow.! Also,
growth arrest could not be induced in
sulfaguanidine-fed rats when the iodide

" level of the diet was less than 10 pg/gm

and that prolonged feeding of either sul-
faguanidine or thiouracil in purified diets
was fatal to rats. When these drugs were
fed in more natural-type diets, death did
not occur.

The diet, therefore, had a profound ef-
fect on the response of rats to goitrogens
and these experiments were initiated to
determine the effect of KI and animal tis-

140

sue on the response of rats to sulfagy;:.
dine and thiouracil. As a representat. -
of animal tissue, duodenal tissue was +
lected from those tissues that had bee:
found capable of reinstating growth
sulfaguanidine-fed rats for further stud: 4
on its ability to maintain nermalcy -

- goitrogen-fed rats. In addition, it ‘w.,

hoped to determine whether the unct
plained fatal effects of goitrogens could i«
linked to the iodide level of the diet.

EXPERIMENTAL AND RESULTS

Materials and methods. Weanling m.«
Sprague-Dawley rats (35 to 45 gm) were
housed 'in screen-wire cages and were f.v
food and water ad libitum. The basal d. -
for the experiments 1, 2, and 4 consist. -
of the following: (in grams) grou: -
wheat, 55; crude casein, 8.5; alfalfa 1.
meal, 2.0; peanut oil meal, 13.0; brewer:
yeast, 0.5; refined hydrogenated cott:.
seed oil,’ 10.0; sucrose, 8.75; sodiu-
chloride, 0.75; calcium carbonate, 1°
and crystalline vitamins (in mg); men.
dione, 0.5; biotin, 0.1; vitamin Bz, 0.0
This diet contained 19.3% of prote.
(Kjeldahl N X 6.25) and 0.13 ug '
iodine/gm of diet. The total iodinc w
determined by the method of Grossi:-
and Grossman (’55) on three aliquots
the diet that had been prepared with
the hydrogenated cottonseed oil.

Thiouracil and sulfaguanidine wi*
added to the diet at the expense of *
crose. Duodenal powder* was added

Received for publication August 13, 1962.

! Supported in part by a grant from the Nati v~
Science Foundation, NgF-G-ISIGS.

z Purina Laboratory Chow, The Ralston P
Company, St. Louis. According to the manuf.
this diet contains ment meal, The exact comjp
of the diet is unknown.

3 Crisco, Procter and Gamble, Cincinnati. ,

4 Duodcnal powder was purchased from C¢'-
Laboratorics, Omaha, Nebraska, and was a Pt -
defatted dry preparation whose origin and si*
treatment is unknown,
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the expense of the entire diet. Potassium
jodide in aqueous solution (3.0 gm/liter)
was added to the diets after they had been
prepared and then thoroughly mixed.

Carrier-free Nal'* was obtained from
the Union Carbide Nuclear Company, Oak
Ridge, Tennessee. Suitably diluted ali-
quots in sterile saline were injected intra-

ritoneally. Samples were counted in a
Nuclear-Chicago, well-type scintillation
counter and corrected for background and
radioactive decay. }

The standard error (sE) was calculated

from SE = .‘fn(:—f:), where d = deviation

from the mean and n = number of obser-
vations.

Experiment 1

The effect of KI on growth and organ
weights of sulfaguanidine and thiouracil-
_fed rats. Three groups of 6 rats each
were fed the basal diet containing 1% of
sulfaguanidine and zero, 10, or 30 ug of

- additional KI/gm of diet. Three other
' groups of 6 rats each were fed diets con-
taining 0.1% of thiouracil and zero, 10,
or 30 ug of additional XI/gm of diet. Two
additional groups of 6 rats each served as
controls. One was fed the basal diet with-
out further supplementation. The othcr
was fed the basal diet containing 30 ug of
additional KI/gm. When the experiment
was terminated, the rats were exsanguin-
ated. Certain organs were removed,
cleaned of adventitious tissue and weighed
10 the nearest 0.1 mg on a Roller-Smith
Torsion Balance.

The growth response of thiouracil and
sulfaguanidine-fed rats to various levels
of KI added to the basal diet is shown in
figure 1. The final body weights and or-
tan weights are summarized in table 1. In
the absence of a goitrogen, KI (30 ug/gm
of diet) had no effect on growth or organ
weights. Sulfaguanidine, without addi-
tional KI had no effect on growth, and only
the thyroid gland exhibited a moderate in-
Crease in weight (table 1, group 3). The
addition of 10 ug of KI/gm to the sulf-
Jguanidine diet resulted in growth inhibi-
ton and 30 ug of KI/gm resulted in growth

4trest, The latter group weighed 120 gm.

M 28 days and gained 15 gm during the
‘ubsequent 13 weeks. As the iodide level
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increased, the relative weight of the thy-
roid, the adrenals, the testes, and pituitary
increased (table 1, groups 4 and 5). The
effect on the thymus was marked. The
thymus glands from rats in group 3 were
firm and well-formed. Those from group 4
were visibly more diffuse and fragile, re-
quiring great care in handling. Those in
group 5 were small, extremely diffuse,
and fragile. This was true also of the
thymus glands from rats in groups 7 and
8 (table 1). The reliability of this data
was gquestionable and was, therefore,
omitted from the tal'e. The omission of
these figures is intended to indicate an
advanced stage of thymic involution.

Thiouracil alone was a more effective
growth inhibitor than was sulfaguanidine,
and growth arrest was observed in those
rats receiving 10 ug of KI/gm. Those rats
receiving 30 ug of KI/gm of diet gained
only 2 gm between the fourth and seven-
teenth wéek (fig. 1). However, the pattern
of response to additional dietary KI was
similar to that observed with sulfaguani-
dine. As the iodide level increased, growth
was progressively inhibited and the rela-
tive weights of the thyroid and the adrenal
glands increased. The testes and the pitui-
tary appeared to have been maximally af-
fected by thiouracil alone (table 1, group
6) since the addition of 10 or 30 ug of
KI/gm did not effect a further increase in
the relative weight of these two glands
(groups 7 and 8).

Thirty micrograms of KI/gm were fatal
to rats fed both thiouracil and sulfaguani-
dine. On the ninety-seventh day, one rat
in group 8 (table 1) developed tremors and
was unusually sensitive when touched. It
was moribund on the one-hundredth day
and died on the one-hundred-first day.
It had lost only 3 gm in body weight
during this 4-day period. Its stomach and
cecum were filled with food, and 6 firm
and well-formed fecal pellets were in the
intestinal tract indicating that inanition
was not a factor contributing to its death.
Only the adrenal glands appeared abnor-
mal. These were almost black in color.

The rats in groups 5 and 8 were main-
tained for 17 weeks after these symptoms
appeared. Identical toxic symptoms ap-
peared in anothe. rat of group 8 on the
one-hundred-fifteenth day, and in two
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Fig. 1 Effect of zero, 10, and 30 ug of KI on growth of sulfaguanidine or thiouracil-fed

rats. Basa] diet, X X; 1% of sulfaguanidine —-Q--~-0—; 0.19% of thiouracil,

4————d. The figurcs at the termination of each curve indicate the amount of KI added to
the diet in micrograms per gram of diet.

rats of group 5 on the onehundred- color indicating that this change in ct!
seventh and one-hundred-fourteenth day. was not due to postmortem changes. 1
Two of these were killed when they remaining rats in groups 5 and 8 W&
became moribund and the adrenal glands  alert and active exhibiting only scv!
of these two rats were also dark in exophthalmos. They were killed on v
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TABLE 1
Effect of potassium iodide on the growth and organ weights of goitrogen-fed rats

Adaiti t
Group! basal diot Final Organ weights
Drug KI body >Wt Thyroid Thymus Adrenal Testes Pituitary
rg/gm gm mg/100 gm mg/100 gm mg/100 gm mg/100 gm mg/100 gm

1 0 /] 396+ 33 6.09+0.2 134% 3.5 12.0+08 934*15 26092
2 0 30 397*+13 7.02+ 04 16413 118+0.5 923*19 25+02
3(5) Sulfa-

guani-

dine, .

1% -0 391% 9 116 £0.7 149* 9.7 11.7+02 958=36 2.3+0.07
4 Sulfa-

guani-

dine, - :

1% 10 235+19 " 313 *£34 120+ 72 13221 1086+196 4.3+03
5 Sulfa-

guani-

dine,

1% _ 30 135+ 8 543 6.6 — 15.1+1.1 1417+136 4502
6(5) Thio- B

uracil, -

0.1% o 18418 559 =8.1 181+32 12.1+0.8 1458107 4.8*0.1
7 Thio- )

uracil,

0.1% 10 138x 8 775 *=10 - 14705 1536+120 6.3+0.1
8 Thio-

uracil, .

0.1% 30 121+ 8 876 *16 —_ 15910 1459+198 4.7+x02

! Six male rats except where indicated by numbers in parentheses.
Se:l::dg weight at the end of the 14th week except for groups 5 and 8 which were maintained for 17 weeks.
x .

3 Mean + sk,

one-hundred-nineteenth day and their
adrenal glands were normal in color. The
organ weights of the rats that had died
were included with the data of the sur-
viving rats in their respective groups
since no differences in their organ weights
were noted.

Experiment 2

The ability of duodenal powder to main-
tain and reinstate growth of goitrogen-fed
fats, Nine groups of weanling rats were
fed the basal diet supplemented with 30
#2 of KI/gm, and the following: (1) none;
'2) 4% of duodenal powder; (3) 1% of
sulfaguanidine; (4) 1% of sulfaguanidine
Plus 4% of duodenal powder; (5) 0.1%
of thiouracil; (8) 0.1% of thiouracil plus
1% of duodenal powder; (7) 1% of sulf-
‘Ruanidine for 41 days at which time the
drug was omitted from the diet; (8) 0.1%
{ thiouracil for 41 days at which time the
“fug was omitted from the dict; and (9)

0.1% of thiouracil. On the forty-first
day, 2, 4, and 8% of duodenal powder
was added to the diet of three rats each.
All rats were weighed weekly but rats in
groups 7 to 9 were weighed every two days
from the forty-first to the fifty-fifth day.
All rats were killed on the fifty-fifth day,
and certain organs were removed and
weighed.

Figure 2 illustrates that growth arrest
again occurred after the twenty-eighth day
in rats fed either thiouracil or sulfaguani-
dine with 30 pyg of KI/gm, but 4% of
duodenal powder in the diet was effective
in maintaining growth of rats fed either
goitrogen. Duodenal powder had no ap-
preciable stimulatory effect on growth
when it was included in the control diet
(fig. 2). With the exception of the thyroid
glands, whose increase in weight was in-
hibited but not prevented, duodenal pow-
der also maintained organ weights at or
near normal values when it was included
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Fig. 2 The ability of duodenal powder to maintain and reinstate growth of thiouracil

and sulfaguanidine-fed rats. All diets contained 30 ug of KI/gm. Normal, s normal
+ 4% of duodenal powder, X X; 1% of sulfaguanidine O————-~0; 0.1% of thiouracil,
G- < ; solid symbols indicate that 4% of duodenal powder was added to the dict.
Goitrogens were removed or duodenal powder was added on the forty-first day (arrow).

in the goitrogen-containing diets from the restored under these conditions, and co:
first day (table 2, groups 4 and 6). parison of groups 7 and 8 with the cor™

Growth was reinstated when the goitro- sponding groups 3 and 5, shows th
gens were removed from the diet on the growth resumption was accompanied b :
forty-first day (fig. 2 and groups 7 and 8 decrease in the relative weight of te
of table 2). Normal thyroid function is thyroid gland and an increase toward 1"



TABLE 2

Effect of duodenal powder on growth of goitrogen-fed rats

Diet!

Croup Final Wt gain Organ weights
(no. rats) - Drug D;o":sle‘:l body wt. day Thyroid Thymus Adrenal Testes Pituitary
% gm am mg/100 gm mg/100 gm mb/loo gm mg/100 gm mg/100 gm
1(5) /] ] 293+ g3 32 44% 02 256+x22° 11.6+05 . 1116+ 34 23+0.3
2 (6) 0 4 303= 8 38 42+ 03 213+ 9 154+0.8 1146+ 16 3.2+0.1
3(6) Sulifa-
guanidine, 1% 0 110%+ 5 -1 556+ 2.7 133*11 19.5+0.6 1205309 4.6+0.2
4(7) Sulfa-
guanidine, 1% 4 290+ 6 31 102+ 06 242+14 11.7=0.5 1146x 36 2.0+02
5(5) Thiouracil, 0.1% 0 100+ 1 0 100 *11 126+12 15.6=*0.5 1958+216 5.1+x09
6(7) Thiouracil, 0.1% 4 278 =11 25 171+ 1.1 190+12 11.3+04 1154* 35 2.6+02
7(6) Sulfa- ”
guanidine, 1% 4 1) 149+ 2. 35+3 168*= 08 263*+14 19.7+0.7 1381+ 81 34+05
8 (6) Thiouracil, 0.1%¢ 0 149+ 3 4422 24.4* 14 181=*=11 17.3%+0.1 1037147 3.6+0.3
9(3) Thiouracil, 0.1% 23 143+ 9 364 734> 8 174+26 16.2x0.8 1752203 4.8+12
3 Thiouracil, 0.1% 43 149+ 2 43+7 53.6+11 185+29 17.1*=1.0 1531%150 3.6=0.1
(3) Thiouracil, 0.1% 83 164%18 56+3 233+ 3 20932 16.2+2.5 1508 =261 33%03

1 The diets of all rats contained 30 ag of KI/gm.
¢ Body weight on the 55th day.
3 Mean =+ sE.

4 Sulfaguanidine and thiouracil were omitted from the diets on the 41st day.
3 Duodenal powder was added to the thiouracil diet on the 41st day. The data for these groups is recorded as mean + range.
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mal of the thymus gland. The adrenal
glands did not respond by a change in
weight during this two-weck period. A
marked reduction in the relative weight of
the testes was observed in those rats which
had been fed thiouracil (group 8).

The addition of duodenal powder to the
thiouracil diet on the forty-first day evoked
a response similar to that observed in
group 8. This is shown in group 9 (table
2) where the addition of 2, 4, and 8% of
duodenal powder to the diet resulted in a
progressive increase in body weight gain
and a definite trend toward normal values

C. J. ACKERMAN

of the thyroid, thymus, and the pityj,..
The adrenal glands and the testes gjq .
respond by a change in weight dy,. .
this two-week period. Figure 2 depicts, - .
growth response of those rats in grou;.

which were fed the thiouracil diet sup; -
mented with 4% of duodenal powder.'

Experiment 3

Growth of rats fed thiouracil in q c¢~
mercial ration. Commercial laboray ..
chow® was finely ground and then sup; .

8 See footnote 2.

310}

- COMMERCIAL CHOW+
290} 30 yg Ki/gm
270}

250}

n

(23

o
T

BODY WEIGHT (gm)
e =
O o
] 1

170

T
120}

BASAL+30ug K1/gm +|% SULFAGUANIDINE
[ L — e :

COMMERCIAL CHOW+
30.ug Ki/gm+
0.1% THIOURACIL

e

-

11O

- BASAL+30xg Ki/gm+ Q.1% THIOURACIL
1 1

4 5

—l
6 4 8

WEEKS

Fig. 3 Growth of rats fed 0.1% of thiouracil in commercial laboratory chow compare:!
with rats in experiments 1, 2, and 4 which were fed goitrogen plus 30 ug of KI/gm of dit!
Vertical bars represent the standard error of the weight gain for the previous week. Fron:
the fourth to the eighth weck, the points on the sulfaguanidine curve represcent the averas«
of 18, 18, 12, 12, anJ 12 rats, respectively. The points on the thiouracil curve represent the
average of 24, 24, 12, 12, 12, and 6 rats, respectively.
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mented with 30 ug of KI/gm. One group
of 6 rats was fed this diet without further
wpplementation. Another group of 6 rats
was fed the same diet supplemented with
0.1% of thiouracil. The experiment was
rerminated on the fifty-fifth day. Organ
weights were not determined.

The laboratory chow, containing 0.1%
of thiouracil and additional KI (30 ug/gm),
did not produce the severe growth inhibi-
tion that was observed in experiments 1
and 2. This is illustrated in figure 3. For
comparison, the growth data of those rats
fed 1% of sulfaguanidine or 0.1% of
thiouracil with 30 ug of KI/gm of diet in
experiments 1, 2, and 4 were pooled and
plotted in figure 3. The actual body weight
attained in 28 days by an individual rat
may vary from 90 to 140 gm, but the sub-
sequent weight gain is negligible. This is
illustrated in figure 3 by the vertical bars
which represent the standard error of the
average weight gain for each week. The
various components of the commercial
laboratory chow were not available for a
more critical study, but it is inferred from
these experiments that the meat meal com-
ponent of this chow is responsible for the
failure to observe growth arrest.

Experiment 4 )

The effect of duodenal powder on th
uptake and protein binding of radioiodide
by goitrogen-fed rats. Five groups of 5 rats
tach were fed diets indentical to those fed
to groups 1, 3 and 5 of experiment 2. After
growth arrest was established (35 days),
5 uc of NaI'" was administered to each
rat. Twenty-four hours later, blood was
collected by heart puncture. The thyroid
slands were removed, weighed, and ho-
mogenized with 5.0 ml of 0.001 m thiou-
tacl in 0.01 N NaOH. An aliquot was
removed and counted to determine total
tadioactivity in the gland. Four milliliters
“f the remaining thyroid homogenate were
1dded to 4 ml of 20% trichlor~acetic acid
#hich contained 10 ug of KI/. - . The pre-
“ipitate was washed three times with 5%
trichloroacetic acid containining 5 ug of

I 'ml. The precipitate was counted for
;'-xdloactivity and this represcnted protein
“und I'' (PBI"). The protein from one
zulliliter of serum was precipitated and
*ashed with trichloroacetic acid exactly as

TABLE 3
Effect of duodenal powder on the incorporation of I'*! into thyroid and serum protein

Serum 131
PBII3Y/
100 ml

PRI

Thyroid I131

Total
sy
100 mg

t

Thyroid

Final
Duodenal body wt3
powder

Diet?

Drug

Group!

% of dose % of dose &;&‘g‘f,ﬂ % of dose

mg

gm

3 & 833
(=] < QO
Ho# Hud
B B ]2
[-~] (=] [~ -N-]
+~ & ©3q
o o MO«
H O#H HHH
a § o3
8 © g°=18
- [+]
- 8 Sg.g
N (] [N ~X-]
HoOH HH4
D
o & 888
- o [=X-X=]
-y
-~ & 838
N Q [~ Y~ N =)
HOf H4
-~ & 833
8 S OmO
] se$
[~ (] -no
# W HHH
Q W abwm
o (SN Tp B
(] i AL v~
& [ -
»y
HoHoHay
& & 8¥sg
[~ [~ HO
ot
® ®3S
¢ ogd=d
§ 533
Og‘ag.sgg
EEERLE

~-e M W

1 Five male rats per group.

* Thirty micrograms of KI/gm added to all diets.

3 At 35 days.
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x 100.

PBI131 count/min x 5/4
~ Thyroid I'3! count/min x 5§

4 Percentage of total thyroid 1131

$ Mean + SE.
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described for the thyroid homogenate and
then countcd to determine the serum PBI**.

The uptake of radioiodide and its in-
corporation into thyroid protein is mark-
edly inhibited in rats fed sulfaguanidine
or thiouracil with 30 ug of KI/ gm of diet
(table 3, groups 2 and 4) which provides
additional evidence that under the condi-
tions used in these experiments, both
goitrogens effectively block thyroid hor-
mone synthesis. When 4% of duodenal
powder was included in these diets, growth
was maintained, thyroid weight decreased,
and the total uptake of I'* decreased.

Although the total uptake of I de-
creased, the incorporation into thyroid pro-
tein increased 50-fold in sulfaguanidine-
fed rats and 10-fold in thiouracil-fed rats.
Only 0.42% of the total thyroid I'* was
protein bound in those rats fed sulfaguani-
dine alone, but the addition of duodenal
powder to the diet increased this to 54.8% .
In thiouracil-fed rats, the thyroid I*! bound
as protein increased from 0.34 to 15.9%
when duodenal powder was added to the
diet.

Whether this increase in thyroid PBI'®
could account for the growth-promoting ef-
fects of duodenal powder is not clear
since this increase is not reflected in the
serum PBI". Duodenal powder resulted
in a decrease in serum PBI™.,

DISCUSSION

Growth arrest has not always been ob-
served in rats fed goitrogens for prolonged
periods of time (Mackenzie and Macken-
zie, '43; Astwood et al., ’43; Astwood anc
Bissell, '44) and inconsistencies with the
expected response to goitrogens have been
observed when other parameters of thy-
roid function were measured (Williams et
al., '44; Mayer, '47; Stasili et al., '60). A
consideration of these reports suggests that

.the diet may have been a primary factor

responsible for these inconsistencies. For
example, Welch and Wright (°43) re-
ported that the unusually high level of
10% succinylsulfathiazole in commercial®
diets had no effect on growth of rats, yet
1 and 2% of this drug in a purified diet
resulted in growth failure. In contrast,
2% of sulfaguanidine in commercial fox
chow” had only a slight inhibitory effect
on growth (Astwood et al., ’43).

The experiments reported here shy,
that growth arrest may be induceqd j,
sulfaguanidine-fed rats when the dictyy
iodide level is between 10 and 30 ug/gn)
diet, and that iodide (10 and 30 ug/gn, .
enhances the growth-inhibitory effect ,¢
0.1% of thiouracil. Under these cond..
tions, the synthesis of thyroid hormones 1.,
the thyroid gland was effectively inhibit.
However, duodenal powder added to il
diet maintained growth and organ weig};,
of both thiouracil- and sulfaguanidine.f.
rats. Thus, the failure to observe grow
arrest or symptoms typical of a thyroid d..
ficiency when thiouracil or sulfonamides
are fed may be due either to insufficien:
dietary iodide or to the use of diets whict,
contain animal tissues such as the com.
mercial chows used, or to both.

The role played by iodide appears to e
complex. Mackenzie (’47) reported thi
jodide inhibited the goltrogenic effect f
thiouracil but enhanced the goitrogenicity
of sulfaguanidine. Highley et al. ('54
noted that the growth-inhibitory and g+
trogenic effects of low levels of thioura..,
(0.025% or less) could be overcome i+
iodine, but that iodine did not prever:
growth Inhibition or thyroid hyperpla-t.
caused by 0.1% thiouracil. High levis
of iodide have been reported to promeir
growth of thyroidectomized rats (Evan.
et al., '60), but it had no effect on growt:
or other parameters of thyroid functic:
when it was administered to normal ran
fed normal diets (Pitt-Rivers, '60). It aj-
pears, therefore, that high levels of iodi:
function synergistically with a goitroz -
such as thiouracil or sulfaguanidine :
more effectively block thyroid hormo:-
synthesis.

The fatal effects of sulfaguanidine !
thiouracil (experiment 1) appear to '
linked to the level of dietary iodidec « -
this is now under investigation. That s
aguanidine in purified diets is fatal to 1.
has been reported by Axelrod et al. (3}
and Tentori and Vivaldi (’50, '54). 1:¢
former workers used diets containing
ug of KI/gm of diet, and the latter work "'
reported that sulfaguanidine was not !~
when it was fed in McCollum’s stock ¢
This diet is relatively low in iodidc.

¢ Purina or Wayne Brand.
7 Purina Fox Chow.
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The effect of duodenal powder in these
experiments suggests that this tissue con-
ins thyroid hormones at physiologically
cffective concentrations. This is conceiv-
able in view of the reports which indicate
that the thyroxine requirement to maintain
growth of thyroidectomized rats (Evans et
al., '60a) or thiouracil-fed rats (Stasilli et
al, '61) is 0.04 to 0.05 ug/day when it is
idministered parenterally.

The relative weights of the thyroid
glands from rats fed sulfaguanidine plus
30 ug of KI/gm were consistently lower
than those of rats fed thiouracil plus 30
.« of KI/gm (tables 1, 2, and 3). These
rats had ceased to grow (fig. 3) due to a
dvpletion of endogenous thyroid hormones.
It woul-! be expected then, that thyrotropin
secretion would be maximal and that the
compensatory response of the thyroid gland
would be maximal in both thiouracil and
sulfaguanidine-fed rats. This was not the
case, indicating that the secretion of thy-
rotropin or the sensitivity of the thyroid
tland to thyrotropin had been inhibited by
sulfaguanidine in these experiments.

SUMMARY

Two factors which modify the thyroid
hormone deficiency produced by the in-
westion of thiouracil or sulfaguanidine
were studied and certain observations in-
dicate that the mode of action of these two
soitrogens are different.

1. The addition of 10 ug of KI/gm of
liet markedly inhibited growth, and 30
-g of KI/gm of diet resulted in growth ar-
test of rats fed 1.0% sulfaguanidine.
Growth arrest occurred after 28 days in
thivuracil-fed rats when 10 ug of KI/gm
were added to the diet. With either goitro-
N, growth arrest was accompanied by
n increase in the relative weights of the
*hvroid, adrenals, testes, and the pituitary,
:nd a decrease in that of the thymus gland.
the uptake of I'* and its incorporation into
vfotein by the thyroid gland was markedly
“duced. ~ Prolonged feeding of either
"ltrogen with 30 ug of KI/gm of diet was
“ital to some of the rats.

2. Growth and organ weights were
"Mintained at or near normal values when

¢ duodenal powder was added to those
Hiets capable of producing growth arrest.

fder such conditions, duodenal powder
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decreased the uptake of I'* by the thyroid
gland but increased the incorporation of
thyroidal I'* into protein. The pattern of
response to duodenal powder suggests that
this tissue contains thyroid hormone-active
material. Since growth arrest could not
be induced in rats fed thiouracil plus 30
ug of KI/gm of commercial laboratory
chow, it was inferred from these experi-
ments that this diet contains thyroid hor-
mone-active material in the meat meal
which is a component of this chow.

3. The relative weights of the thyroid
glands from growth-arrested, sulfaguani-
dine-fed rats were consistently less than
that of growth-arrested, thiouracil-fed rats
indicating that the mechanism which com-
pensates for low levels of circulating thy-
roid hormones was inhibited by the sulf-
aguanidine under the conditions of these
experiments. -

.
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-Eﬁects of Excess Dietary Iodine upon Pullets
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ABSTRACT Iodine as potassium iodide was fed to sexually mature pullets and
hens that had completed one year of lay, to study the effects upon egg production,
fertility, hatchability, embryonic mortality and incubation time. Dietary intakes at 5
levels from zero to 5000 ppm iodine were fed in a practical-type diet for 6 weeks.
Measurement of egg production was continued following the iodine feeding period.
Egg production decreased with increasing levels of iodine and ceased with intakes of
5000 ppm. The decreases were greater for hens than for pullets. Production com-
menced and increased rapidly within one week after change to control diets and was
equal to that of control birds during a 27- and 18-week subsequent feeding period for
pullets and hens. Molting did not accompany the cessation of lay in pullets but some
mature hens molted. Mature ova were present in birds not laying but ovulation did
not occur. Weight of eggs produced during the period of iodine feeding was reduced
but returned to normal within 3 weeks. Fertility of‘eggs was not affected but high

embryonic death, low hatchability and delayed hatching were observed.

Iodine is recognized as one of the essen-
tial elements for poultry and is normally
provided in the diet as iodized salt. At the
level provided by 0.5 or 1.0% of iodized
salt in the diet, no abnormal or harmful
cffects are produced, but toxic effects have
been observed with experimental intakes
of excess iodine. Decreased egg produc-
tion, prolonged hatching, enlarged thy-
roids of chicks, decreased egg size and
appearance of wiry down have been re-
ported (1-3). A more recent study (4)
has confirmed these observations and ex-
tended them to other effects of iodine.
With 5000 ppm iodine as KI in the diet,
production ceased within one week and
was reduced to 10% at 2500 ppm. Fer-
tility of eggs was not affected, but high
embryonic mortality and delayed hatching
resulted. |

Studies with other speccies have also
demonstrated harmful effects of iodine
(5,6). Rats fed 500 to 2500 ppm iodine
were fertile and produced litters, but lac-
tation failed and high mortality of the
voung resulted. Pregnant rabbits fed 250
to 1000 ppm iodine produced litters but
;'}Ujl young died within 48 hours after
Hrih.

The present study was conducted to de-
Wimine the influence of feeding high levels

I Nurmimion, 92: °67.
Reproduced by permission
of tha copyright ewnet

of ioding upon subsequent egg production
and to compare the effects of iodine on
pullets and mature hens.

EXPERIMENTAL PROCEDURE

Pullets. One hundred and fifty 27-week-
old White Leghorn pullets were assigned
at random to 30 replicates of 5 birds each
and housed in individual laying cages.
Thirty pullets each were fed diets contain-
ing zero, 625, 1250, 1875 or 2500 ppm
iodine as potassium iodide. Four addi-
tional replicate treatments of 5 pullets
each were provided with 5000 ppm iodine
for 105 days. The basal diet to which se-
lected levels of iodine were added con-
sisted of the following: (in per cent)
ground yellow corn, 67.7; soybean meal,
20.6; alfalfa meal, 3.0; ground limestone,
5.8; defluorinated phosphate, 1.96; iodized
salt, 0.4; and microingredients, 0.5. The
microingredients supplied per kg diet:
vitamin A, 4,400 IU; vitamin D;, 1,540
ICU; and (in milligrams) choline, 500;
niacin, 13.2; riboflavin, 4.4; Ca pantothe-
nate, 8.8; ethoxyquin, 12.5; MnSO,, 220,
and (in micrograms) vitamin B,., 13.2.
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On the second day after iodine feeding
started, pullets were artificially insemi-
nated using pooled semen from normal
males. Eggs were collected daily and those
produced from day 2 through day 14
after insemination were stored and sub-
sequently incubated. Pullets remaining in
production at 35 days were again insemi-
nated and the eggs incubated.

Individual egg production records and
weight of eggs were determined through
the experimental period and for an addi-
tional 27-week period after removal of
iodine. Fertility. of eggs produced during
the period of iodine feeding was deter-
mined using the conventional candling
technique. During incubation, eggs were
candled on days 4, 10 and 18 as a
measure of embryonic mortality. Records
were also made of hatching time, num-
ber hatched, eggs pipped without emerg-
ing and those which died in the shell.

Representative one-day-old chicks
hatched from eggs produced with the
control and each experimental diet were
weighed, identified and fed a practical-
type chick starter diet. Growth of the
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chicks as measured by body weight ut o
weeks was determined. Five one-day-olg
chicks from control pullets and five fron,
those fed 2500 ppm iodine were killed i
the thyroids removed, weighed and sub...
quently examined histologically. At the ¢nd
of the iodine feeding period, 2 birds from
each dietary treatment were killed and 1}
reproductive system was examined.

Mature hens. One hundred mature
White Leghorn hens which had becn in
production for 12 months were used in 4
concurrent study. Four replicates of 5
hens each received the same basal dit
and diets with iodine described for pullcts
The same procedures for feeding, inscim.
nation and incubation described for pul
lets were followed with the hens. No cggs
however, were available for incubation ut
the end of the 6-week period. Interior ¢u:
quality was determined for control huns
and «those fed 2500 ppm iodine at 1u
weeks after removal of iodine. Quality was
based upon Haugh units calculated from
albumin height and egg weight. Statistical
calculations were based upon analysis of
variance (7).
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Fig. 1 Egg production of pullets during period of iodine feeding and after removal of it

fodine.



EXCESS DIETARY IODINE IN PULLETS AND HENS

TABLE 1

Rate of egg production in pullets and hens
following the experimental period of
fodine feeding!?

Egg production

Dietary

iodine Pullets Hens

ppm % %
0 58.1 37.8
625 59.7 35.0
1250 60.0 40.7
1875 59.1 40.3
2500 56.3 39.3

1 Production computed as average of 27 weeks for
pullets and 18 weeks for hens, beginning 2 weeks
after iodine was removed from feed.

RESULTS

Egg production of pullets fed iodine
varied inversely with level of iodine begin-
ning during the first week of treatment
(fig. 1). With 5000 ppm iodine, virtually
no eggs were produced after the sec-
ond week. Pullets fed the control diet
maintained a production rate of 75% or
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more throughout the 6-week experimental
period.

No molting accompanied the cessation
of lay, and production increased rapidly
after removal of dietary iodine. At the end
of the 6-week period, production of pullets
fed 2500 ppm iodine was 13% that of
controls. By one week after iodine was re-
moved, production equaled approximately
80% that of controls. The rate of produc-
tion during 27 weeks after removal of
iodine was not significantly different from
controls (table 1). Two pullets in the
group fed 2500 ppm iodine failed to re-
turn to production. At the end of the 27-
week period, they were killed and eggs
with several membranes were found in the
isthmus. Tumerous growths present were
evidently preventing their passage. This
condition was not considered, to be caused
by iodine and these pullets were not in-
cluded in the calculation of egg production
data. If these 2 pullets had been included,

60
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o——0 625ppm .
&———4 1250 ppm
50 oO——0 1875 ppm
O——0 28500ppm
40
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Fig. 2 Egg production of hens during period of iodine fecding and after removal of dietary iodine.
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R

Fig. 3 Reproductive tracts from hens receiving control diet (left) and 5000 ppm iodine
for 5 weeks. Note that the ovary was still functioning and ova were present in hen fed

5000 ppm iodine, but hen was not laying.

the rate of production would have been
51.8 instead of 56.3% (table 1).

Pullets provided 5000 ppm iodine were
continued for 15 weeks and remained out
of production. When returned to the con-
trol diet, all except one returned to produc-
tion within 10 days. The rate of production
for 16 weeks, beginning 2 weeks after re-
moval of iodine, was 51.7% compared
with 51.6% for the control group.

Mature hens responded somewhat dif-
ferently to iodine treatment than pullets
although the major effects were similar.
The hens were removed from floor pens to
laying cages at one week before iodine was
fed. A small percentage of the hens in
each group molted, but the proportion in
the control group was less than in the
iodine groups. Rates of cgg production are
shown in figure 2. Sixty-eight per cent of

all hens fed iodine were out of production
after one week and by 4 weeks, 95% had
ceased laying. Only 40% of the contr!
hens were out of production at that time
When the iodine was removed from th
diet, they returned to production in a mun
ner similar to that observed for pullets
The rate of production for these hens w.~
equal to that of the controls for an 1®
week period beginning 2 weeks after 1
moval of iodine from the feed (table 1
Physical condition of pullets and huers
out of production was such that the
would have been judged to be laying. P
sition of the pelvic bones indicated i
duction and yellow pigment was absl¥
from beaks and shanks., Ovarics of het
not laying contained many ova in varie.
stages of development but ovulation .
not occurring. Some ova appeared v ¥
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regressing. The ovary labeled 5000 ppm
fig. 3) was from a hen which had been
out of production for 5 weeks.

Average of individual weights of eggs
pl‘()dllC(‘d by the pullets fed all levels of
dine were significantly less than that of
controls (table 2). At 3 weeks after re-
moval of iodine, egg weights were normal.
Interior quality of the eggs was improved
following the rest induced by iodine in the
mature hens. Average Haugh units of
cggs from control hens maintained in con-
tinnous production was 62.6. The average
value for eggs produced by hens at 10
weeks after removal from 2500 ppm iodine
was 70.4. -

Fertility of eggs produced was not af-
fected by iodine feeding, but hatchability
was decreased and embryonic mortality

and length of hatching time increased
(table 3). The percentage hatchability de-
creased with increasing levels of iodine
and was considerably less with eggs pro-
duced near the end of the iodine feeding
period. Approximately 80% of all embry-
onic deaths occurred within the first 4
days of incubation. A number of the em-
bryos survived the incubation period and
pipped the shell, but were unable to
emerge. Hatching time was delayed by 24
hours or more in 20 to 100% of the eggs
hatched from hens fed iodine. Some eggs
were hatched following a delay of more
than 96 hours.

Thyroid weights of the chicks from hens
fed 2500 ppm iodine were 3 times larger
than those of controls but no specific dif-
ferences in microstructure were observed.

TABLE 2
Egg weights from pullets during and following consumption of excess iodine
Avg :gg wt
Iiiistiary 3 v;eeks
odine
10 days 3 weeks 6 weeks r:htft‘;‘
to basal
rpm 8 g g 8
(4] . 55.0 (195)1* 56.2 (170) 57.2 (157) 57.9(153)
625 52.92(180) 50.9 2(120) 51.02( 92) 57.6(101)
1250 52.1*(171) 49.32(106) 504 *( 74) 57.9(129)
1875 50.8 2(146) 46.22( 86) 458 *( 56) 57.9(141)
2500 534 (102) 47.6 2( 32) 48.72( 17) 58.6(102)
1 Figures in arenthesecs represent number of eggs.
3 Significantly less than control (P < 0.01).
TABLE 3

Hatchability, incubation time and thyroid weight of chicks from pullets fed excess iodine

Embryonic

Diet No. ferti Pi d, not Del
ity ofele PR maonear RERSRIS Rlme TR
ppm : % % % % mg
2-12 Days
0 145 4.8 82.5 1.4 0.8 2.4
625 145 20.7 55.9 5.5 19.8 _
1250 131 30.5 45.8 122 25.0 —_
1875 109 27.5 39.4 20.2 39.5 —
2500 80 17.5 40.0 13.8 313 7.7
3000 20 5.0 0.0 75.0 — —
35-45 Days
4] 195 1.5 91.8 1.0 2.2 —
625 94 47.8 12.8 2.1 83.3 —_
1250 84 55.9 13.1 4.8 90.9 j—
1875 57 59.6 0.0 1.7 — —
2500 16 43.7 6.2 6.2 100.0 —

! Percentage based on number of fertile eggs set.
2 Delayed by 24 hours or more; percentage based on numbers of chicks hatched.
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Hatching weight of the chicks was not
affected by iodine, but the chicks from the
iodine group appeared weak and did not
grow as well as controls. Control chicks
averaged 88.5 g body weight at 2 weeks of
age and those from pullets fed 2500 ppm
iodine averaged 68.7 g.
Relatively few eggs were available for
incubation from mature hens and none
were produced near the end of the iodine
. feeding period. Those which were collected
early after iodine feeding was started and
were incubated, indicated the same effects
upon hatchability as observed in pullets.

DISCUSSION

The difference in response of pullets
and mature hens to excess dietary iodine
is not understood. The change of hens
from floor pens to laying cages may have
initiated the molting and decrease in pro-
duction independent of iodine. No molting
was observed in mature hens in a former
study (4) and did not occur among pul-
lets in the present study. In a subsequent
study in progress, high level feeding of
iodine has resulted in considerable molt-
ing among hens which had been in pro-
duction for 13 months. The different re-
sponse observed may have been due to a
difference in hormone production at the
different age. It is possible that a natural
molt and interruption of production was
imminent in hcns at the time of treatment.
A clarification of the mode of action of
iodine which permitted formation of ova

without release should provide a greater

understanding of the ovulation cycle in
chickens.

The general absence of molting, physi-
cal condition of birds fed iodine and the
presence of ova in hens out of production
suggest that the action of iodine in caus-
ing the cessation of production is different
from the action of other substances or
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methods of forced resting of hens. A Spe
cific effect of iodine in causing these una
other effects in poultry and in rats anq
rabbits (5, 6) has not been identified. 1}.
rapid return to normal egg production a,.
normal reproduction and lactation in ry.
and rabbits after removal of iodine sy
gest some temporary interference wi,
hormone production or action. The pri
ence of many follicles without ovulatic:
in hens suggests an inhibition of lutciy
izing hormone. Pullets which had recciv« 4
5000 ppm iodine for 15 weeks laid as wl|
as controls after removal of the iodine
This rest in production did not, howcver
result in a higher rate of production fa!
lowing the interruption as is observed wit}
some methods of forced resting.
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fodide intoxication
Report of a case

Iichard P, Bivwes, D.D.S PEidip J. Swith, D.D.S.*% Rober! R, Ko,
DDE#* qud Juck E. Jurdan, DS 2% Urbang, T,

CARLLE FOUNDATION LHOSPITAL

Iodide sensitivity ar intoxication is infrequently encountered in elinical procedure
The followinig is a brief repart of a cuse of jodide sensitivity, including sigus,
symptows, and treaticent. The sihoilarity ¢f jodide intoxication and other clinical
entities such ax Mikuliez's disvase, Mikulicz's syndrome, $jizren’s syolrowe, ma-
Bignant lymphomas, and wveopurotitis is mentionel. The importance of taking «
thrreuzh history is emphasiced, )

odide sensitivity or intoxication is infrcquently  encountered in elinieal
procedures.t 2 It oceurs in two furms, acute and chronie. The manifestatious
of the two forms difter slightly, In the aente form, the onset of symptoms usualy
ocours immediately or within several hours aiter the ivitdal administration of
the medication. The outstanding syipioms of acute iodide intoxication are
angioncurotic edemia, fever, arvthralyia, ymphadenopathy, ecosinophilia. and,
more rarely, multiple petechiae of the skin and mueous membranes.™ * Fortu-
nately, the oceurrence of acute iodide intoxication is velatively rare. In the
chronic form, the fivst oral symptom may be a metallie or brassy taste, This
complaint is usnally aceompanicd by a gingivitis and a burning sensation of the
oral mueosa. Inercased salivation is usually present with these symptoms.? Other
more generalized symptoms include corvza, sneezing, and irvitation of the
conjunetivae with edema of the eyelids. Marked enlavgement of the parotid and
submaxillary salivary phinds and intimmation of the p sharvex and larynx may

*Chiet }\|‘~.d("1|. l‘vp-nrnm\n( of Oral and Maxillofavial \un‘m\ Carle Foumidation
Hospital sad Clinie,
Pormerty, Chilet Resident, Departmeat ¢ Oral and Maxillotacial Surgery, Carle
“oundation lluq\xt-\l and Clinie; now in private practice at 328 N, Tueson Bl T, acson,
Aris,
“"l hairman of the Department of Oral and Maxillofacial Surgery, Carle Foundation
Hospital and Clivie.

* Director of Advauead Orad Surgery Tratning, Carle Poundation Hespital aad Clinie,
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Fig. 1. Vituwmin preparation tuken Ly patient,

Vitamin A
" Vitamin D
Vitamin B, (mononitrate)
Vitamiu B,
Vitnmin BL
Vitamin B,,
Vitamin C ({sodium)
Vitamin E{d-alpha tocophery] succinate)
‘uleium puntothenute
1 Lysine monoLydruchluride
Niacinumide
Choeline bitartrate
D1-Methionine
Biuti
Retaine hydrochloride
Iron (ferrous sulfute)
Caleium (dicaleium phosphated
Phosphorus {dical-ium phospliate)
Copper (copper sallite)
Jodine (potassinm jodide)
Magnesium (magnesium earbonate)
Manganese (mangauese sulfate)
Potassium (potassium sulfate)
Zine (zine sultated
Aluminum hydroxide dried gel
Dessicated liver

The contents were as follows:
. % MDE*
95,000 USP units 625%
400 USP units 1009,
15 mg. 1,500¢;
10 mg. 8$33%
5 my. t
5 mg. t
100 mg. 333%
"13 1.U, $
20 mg. 3
15 mg. t
30 my. 500¢,
10 mg. 3
10 mg. 3
23 meg. $
10 mg. b4
20 mg. 20047
SN2 g, 7.5%
45 mg. 6.0¢;
1 mg. t
0.15 . 15065
63 myg. 3}
1 g, t
3 mg. t
1.5 my. $

10 .
RILESHITLR

*CeMDR = Per cont minimum adult Jdaily requirement.,
i1Need in human putrition established, but MDR not determined.,

$Need in human nutrition not extablished.

also he present.®® Skin lesions are common and uswally are aeneforw in nature,
invalving the hairv-beaving aveas of the liee and ehest, Diavehea, aecompanied
by Dlowdy stools, fever, and severe headache, may he additional symptoms of
chrouie iodism. The exaet mechanism of iodism is unknown. Various theories,
ineluding the antiphylactoid response, antigen-antibody reaction, and a disrup-
tion of the colloidal equilibrinm of the body (huids, have been proposed to explain
the mechanism of action in this conditfon.*

The treatment of fodide sensitivity is cmpirical, Symptoms of the condition

&
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Fig. 2. Patient ns seen on adwission, Note murked =w elling of all msjor salivary glads

usually disappear after discontinuanee of the medication. However, it is often
neeessiry 1o institute supportive measures as determined by the particular
sympton or symptom eomples that is present. This eondition is ravely Tatal, bt
recognition is essentia! so that treatment can he instituted

CASE REPORT

On Jut. 25, 1070, a Hd-year-old white man was seen in the ewmergeney roou of the Carle
Foundation Mospital with eomplaints of a sore threat and ditticulty in swallowing, He
ctaded that the sore throat had began £ days previously, on danuary 23, and that his face,
chiveks, nnd neck had begun to swell during the afternoon of January 235, That evening the
swelling had Deeome marked, he began to have ditlieulty swallowing, and ut that time he
reported to the emergeney room. On further questioning, he revealed that during the
week previous to his present symptoms, he had sulfered some hurning of the eyves, head-
ache, gustrie upset, and diarrhen. He alvo stated that he had been tuking w multivitamin
prepuration containing 0.15 mg. of potassinm iodide for approximately 10 duys peior to the
onset of hix symptoms (Fig. 1). The puticent was adwitted to the hospital.

Clinical examination

Clinical examination revenled n 5+-year-oll, well-leveloped, slightly obese white man
who uppenred 1o he neutely il His blond pressore was 160/ 110 1. g, pulse was SU beats
per minute, ornl temperatire wans 104° 1., and respiration rate was 20 per minufe. There
was induration of the neek and face. Both parotid gluds were markedly enlarged, as were
tho submaxillary glands (Fig. 2).

Physical examination

The pharynx was injeeted, Exnmination of the ears revealed injection and dullness of
both tympanic membranes, The remaninder of the physieal examination findings were within
pormal limits, with the exception of moderate obesity.

§76



Fig. o Patient’s appearines on doy of dizelirge from hospitn] showing o murke] decrense
in the edema wiel inflammation of the parotid il submaxilloy sulivary glands,

Laboratory examination

" Hematolugie tindings were as tollows: hemoglobin, 13.7 Gui.; hematoerit, 49.6 per cent;
red blood cells, 5,210 0105 Teukoeytes, 17,700 with a differentinl white count of polvmorpho-
nuclear leukod¥tes, &3 per vent, Ivmphoeytes, & per cent, monocytes, 5 per eent, coxinophils,
L per cent, and basophils, 0 per eent. The sedimentation ruie was 28 mm. after 45 minutes.
Reaction to u mononueleosis test was negative, The Moud ehemistry profile wus within
normal Huits. The Tupus erythematosus elot test was negative. Rautine urinalysis yielded
values - within narmal limits, Protein electrophoresis revealed o slightly elevated beta
globulin level of L14 (novinad being 035 to 0.4, Bleeding il congulntion times were
within normul Jimits. Posterounterior and daternl vadiographs of the ehest were within
nermal limits, us was the panoramie laminagram of the teeth and jaws,

Course in the hospital

Upon admission, the patient was placed on bed rest plus ampieillin, 230 mg., every 4
howrs, Freguent saline rinses ained a full liguid diet were given, He was febrile for the first
2 hospital days, but his temperature then returned to normal and remained so for the rest
of his houspital stay. He improved steadily and ut the emd of § davs was discharged from
the hospital. At the time of discharge, the edema and inftlammation of the parotid aml
submaxillary glands had decreased markedly (Fig. 3).

The paticut has been seen several times sinee his discharge from the hospital, and he is
free of symptoms (Fig, 4).

DISCUSSION

Iodide intoxication is a condition that occurs infrequently, The oral surgeon
~should be familiae with it because of its similavities to sueh entities as Mikuliez's |
discase, Mikuliez's syndrome, Sjigren’s syndrome, malignant lymphoma, and
uveoparotitis,™ '* This case illustrates the importanee of taking a thorough
history. Withont a corvect diagnosis; proper tremiment is impossible.

&y
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Figo 4. Puvient os coon 6 months o lMee dischavge Trom (he hospital, He has venstined froe

of sviptome,
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Reduction of Thyroid Irradiation

From "1 by Potassium Todide

Manfred Blum, MD, and Merril Eisenbud, ScD

The prophylactic administration of 100 to 200 mg of
potassium jodide in anticipation of radioactive iodine ex-
posure will largely prevent uptake by the thyroid gland,
thereby reducing the irradiation dose delivered by more
than 989,. The same amount given at intervals after
1311 absorption is progressively less effective, but still
reduces uptake to less than half after a delay of three
hours. The suppressive effect of one dose is of short
duration and daily readministration of the agent is re-
quired for prolonged protection. The extent of uptake
blockade may be estimated by measuring serum inorganic
jodide; concentrations of greater than 10,g/100 cc cor-
relate with marked uptake arrest. Toxicity is negligible
for a single ingestion, as is required in this temporary
measure for the reduction of the immediate thyroid ir-
radiation hazard, but the drug must be avoided by those
allergic to it.

Release of radioactive iodine to the environment
is one of the potential hazards arising out of
certain applications of nuclear energy. Thus, i |
was widely present in the environment in recent
years as a consequence of nuclear weapons testing,
resulting in low level contamination of milk sup-
plies. Human exposure is also possible as a result of
the industrial, medical, or research use of *'I, and
* could be particularly significant following reactor or
fuel processing plant accidents. Indeed, accidental
exposure have been reported,”* and the sequels in
one instance of overexposure has recently been
shown to include thyroid nodules, hypothyroidism,
and short stature.”

Ingestion is probably the main route of human
exposure to radioactive iodine, but inhalation may
be important in some instances. Of the several ra-
dioactive isotopes of iodine, '*'I is the focus of con-
cern because of its relatively long half-life and ener-
getic beta and gamma emissions. Other iodine iso-
topes are of lesser importance except promptly after
Jow level nuclear reactions.

Atmospheric radioactive iodine is deposited on
foliage and because of the large area grazed by
cows, the physiology of lactation, and the rapidity
with which dairy products reach the const:..er, the
principle route for human absorption is cows’ milk,
In the case of other food or water moving more

From the departments of medicine (Dr. Blum) and cnviron-
mental medicine (Dr. Eisenbud), New York (NY) University
Medical Center.

Reprint requests to 550 First Ave, New York 10016 (Dr. Blum).
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slowly to the consumer, appreciable decay of radio-
activity usually occurs. The hazard of '*'I exposure
after atmospheric release is particularly relevant to
children because of their large milk consumption
and small thyroid glands, but the potential risk to
adults involved in localized accidents or “spills”
may also be substantial.

Todine is rapidly absorbed from the small intes.
tine or lungs and to some degree from the skin and
is distributed to the extracellular fluid from which
it is sequestered by the thyroid, synthesized into
thyroglobulin, and secreted as thyroxine. Thyroid
jodine uptake is depressed when serum iodide con-
centration is elevated, and therefore inorganic,
stable potassium iodide (**’I) administration pre-
vents '*'I accumulation by the gland.

The object of our study was to investigate the
efficacy of potassium iodide in suppressing thy-
roid '*'T uptake as a means or reducing the risk of
thyroid damage due to single, massive exposures to
this isotope. Since exposure might be unavoidable
in the event of an accident, it is desirable to have a
prophylactic procedure to minimize or prevent ab-
sorption of radioactive iodine by the thyroid gland.
In contrast, the relatively moderate repeated ex-
posure that might occur among individuals work-
ing with radioactive iodine in hospitals or research
laboratories can be controlled by proper design of
equipment and working habits.

There have been several investigations of block-
ade of radioactive iodine uptake in the thyroid
gland, but little specific information is available re-
garding the dose of drug, rapidity of onset of effect.
or duration of effectiveness.® We extend the previ-
ous observations to a larger number of subjects.
confirm the efficiency of 100 to 200 mg of potassium
iodide in promptly inhibiting thyroid-concentrating
ability, show that a single dose of potassium jodide
is progressively less effective as a blocking agent
after one or two days, and demonstrate that the
extent of thyroid suppression may be predicl('d
from serum inorganic iodide measurements,

Method

Thyroid '*'I uptake was measured in 62 healthy
volunteers, 37 men and 25 women, ranging in 4"
from 21 to 72 years. A total of 110 control determ
nations were done in these subjects. The percentigt
of thyroid "'l accumulation was determined
hours after the administration of a standard dos

JAMA, June 19, 1967 e Vol 200, No 1
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REDUCTION OF THYROID IRRADIATION—BLUM & EISENBUD

of 1.5 nanocuries (1.5 X 10°u.c carrier free) of
sodium iodide I 131 dissolved in 10 ml of water.
Studies were carried out in a low background steel
room with two 3 X 3-inch thallium-activated sodi-
um iodide scintillation crystals placed in contact
with the anterior surface of the neck, from the
sternal notch to the thyroid cartilage. The details of
the procedure have been reported in previous com-
munications from this laboratory.” This method was
used because it minimizes the irradiation dose to
the subject, the infinity thyroid dose for 30% thy-
roid uptake of **'I being 6.8 mrem/1.5 nc.

The volunteers were examined by clinical and
laboratory means including determinations of pro-
tein-bound iodine (PBI), 24-hour thyroid '*'I up-
take, and liothyronine I 131 resin uptake (Triosorb
[liothyronine I 131 diagnostic kit]). Two subjects
were found to be hypothyroid and were rejected
from the study; all others were euthyroid. One, re-
ceiving norethynodrel with mestranol (Enovid) for
contraceptive purposes, had a low resin uptake, as
expected, but was euthyroid and was included in
the study.

The effect of potassium iodide administration on
thyroid '*'I accumulation was investigated in 24
men and 17 women in the group. These subjects
received doses of stable potassium iodide ('*'I),
ranging from 5 to 1,000 mg, dissolved in cherry

syrup, either ane hour prior to, with, or at specified _

times following administration of the radioactive
compound. One or two days later, an additional
dose of 1.5 to 5 nc of the radioactive agent was ad-
ministered without a further dose of potassium io-
dide, and the 24-hour uptake was again measured
0 evaluate the duration of the suppressive effect.

The uptakes are not corrected for extrathyroid
indine because attempts to measure this component
proved to be inaccurate. Since iodide other than
that concentrated and organified by the thyroid is
cleared by the kidney at a rate about twice that of
thyroid clearance, extrathyroid iodide normally ac-
ounts for a very small part of the total neck
Activity at the end of 24 hours.® After arrest of
thyroid uptake, however, extrathyroid iodide may
‘onstitute the largest part of neck activity. There-
fote, our neck measurements yield estimates of
thyroid concentrations which are somewhat high,
wrticularly when uptake was blocked and during
the first few hours in subjects whose uptake 'was
™t arrested. This leads to conservative estimates
4 the efficacy of the blocking regimen.

Results

Figure 1 shows the average uptake of the 62 vol-
“Meers to have been 271% in 24 hours, with a
*andard deviation of +8.9%.

As shown in Fig 2, the ability of the thyroid to
cumulate radioactive iodine is progressively re-

4ced when increasing amounts of potassium iodide
administered with the radioactive compound.
¢ data in the Table show that none of the 25 sub-
8 Teceiving more than 50 mg of potassium iodide

"M, June 19, 1967 o Vol 200, No 12
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FREQUENCY OF 24 HOUR UPTAKES
15

THYRODAL '1 UPTAKE, %

0 2 46 BIORHKI6 B2 2 4

HOURS AFTER ™'I ADMINISTRATION

1. Thyraid 32 | uptake in 62 euthyroid volunteers ad-
ministered sodium iodide ! 131 and their frequency dis-
tribution. *

together with sodium iodide I 131 concentrated
more than 1.3% of the dose, and that the average
*'T uptake (percent) after 100 and 200 mg of po-
tassium iodide was 0.6 = 0.5 (n = 14) and 0.3 +
0.3 (n = 10), respectively.

Figure 3 demonstrates that **'I accumulation
ceases promptly after potassium iodide administra-
tion. Delayed institution of therapy is progressively
less effective in decreasing thyroid isotope burdens,
but more than a 50% reduction in uptake occurs
even if the countermeasure is started three hours
after expsoure to **'I has begun. The Table lists the
observations and suggests that 1,000 mg of potas-
sium iodide may be slightly more effective than 100
to 200 mg in suppressing uptake if the drug is given

2, Thyroid 24-hour !*! | uptake when potassium iodide
is coadministered with sodium iodide I 131.
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Thyroid **'I Uptake Before and Specified Times After tassium iodide ingestion
Single Dose of Potassium lodide and Resultant Reduction of Uptake was observed only with
i Iilml;! of Subject 24-Hour Uptake, % I the 1,00,0"“8 dose: and
ose ubjec —— e P
_Dose, mg hr¢ No. " Before Ki AfterKI___ In l’plu:l:e."‘% even this la‘arge a',no‘mt
5 0 1 33 73 78 was largely ineffective in
25 0 41 14 96 efficiently blocking thy.
25 1 3 31 7.1 7? id ™1 tak f ,
25 2 4 18 113 36 IOl uptake after 72
25 6 5 24 5.5 60 hours,
_ 0 2 2 o8 -3 Figure 5 shows that the
— %0 > 8 34 8 80 degreg of suppression of
50 3 9 35 9.0 75 thyroid '*'I uptake corre-
‘_igg 3 }‘1’ :‘l’;‘ o0 83 lates well with serum in.
100 o , 0.1 io1 Mg
100 0 12 25 0.0 100 organic iodide Ievels.
— 100 0 13 34 1.3 96 Toxic reactions to io-
. < 1 3 =l — 100 dides were not encoun-
100 0 16 36 0.5 99 tered in this study, al-
:gg g L §§ 11 g: though two subjects re-
— o0 o 19 31 o1 j00——  Ported uncomfortable sen-
100 0 20 - 25 0.5 o8 sations at the angles of

100 0 21 13 1.3 91 the jaw and headache for

100 0 22 32 08 97 :

100 o 53 15 0.4 57 several hours after ingest-

Average £ SD 28 =11 06+ 05 98 £ 3 ing 1,000 mg of potassium

100 1 24 28 31 89 iodide

100 1 25 44 29 93 .

Average & SD 36 + i1 30 + 01 91+ 3

100 2 % 28 5.7 80 _ Comment

100 2 27 18 2.3 88 .

, Average £ SD 2+ 7 10+24 M E 6 . The effect of potassium

160 3 28 17 6.8 60 iodide on thyroid '*'I ac-

200 0 8 i6 =o08 105 cumulation w ied i

200 ) 29 18 03 102 health tlonl ats studied in

200 —5 30 36 o0& P ealthy volunteers in or-

200 0 31 33 0.2 99 der to clarify its optimal

2 0 19 31 0.4 99 use as a countermeasure

0 32 20 0.5 97 . S

200 0 h 3 13 50 for massive radioactive io-

200 0 22 32 0.8 97 dine exposure, as in the

290 9 3 4 o 10 case of occupational ex-

Average = SD 5% 8 03+ 03 9+ 4 posure following labora-

200 1 35 26 3.1 88 tory or industrial acci-

200 2 36 14 35 74 dent

200 3 23 20 7.0 64 .

200 4 37 13 83 3 Adams and Bonnell
1,000 0 19 31 0.2 99 demon i vol-
1,000 1 38 31 1.1 96 t stx:;::ed IE two f
1,000 2 39 53 7.2 70 unteers that t e use 0
1,000 3 10 36 6.0 83 100 mg of potassium io-

*Hours after administration of sodium iodide | 131.

one hour after the radioactive agent. However,
these are single determinations, the variability of
which are unknown, and the differences are not
great. The variation of thyroid '"'I accumulation in
a population one hour after the radioactive com-
pound is given is large, as is seen in Fig 1. There-
fore, the only meaning which can be assigned to
our observations is that 24-hour thyroid '*'I bur-
dens increase with delay in potassium iodide inges-
tion. Statements concerning relative effects of vari-
ous dose levels are not warranted on the basis of
these data.

Figure 4 demonstrates that the uptake of ™I,
when the radioactive agent is administered 48 or
72 hours after potassium iodide, varies inversely
with the amount of iodide given and is generally
reduced. Fifty milligrams or more of potassium
iodide lowers '*'I uptake to some degree for 48
hours; marked arrest of uptake 48 hours after po-

114 -

dide lowers the 24-hour

radioactive iodine uptake

" from normal values to less than 3% of the amount
ingested, and Pochin and Barnaby® observed arrest
of subsequent thyroid concentration in six subjects
when 200 mg of potassium iodide was administercd
within four hours after a dose of an agent contain-
ing radioactive iodine. Saxena et al* reported grad-
ual suppression of uptake to 5% after daily admin-
istration of 2 mg of potassium iodide per square
meter of body surface, with 50% of the reduction
taking place in the first 24 hours, and uptakes re-
turning to or above pretreatment levels promptly
after drug discontinuation.

Johnson® found 50% to 20% reduction in up-
take three to four days after cessation of potas
sium iodide administration, with disappearance of
effect after cight days, and Taguchi et al* noted
population heterogeneity with rebound thyroid hy-
peravidity for radioactive iodine in three of 2
subjects.

JAMA, June 19, 1967 e Vol 200, No 12
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3. Thyroid *** | uptake when potassium iodide is ad-
ministered after sodium iodide 1 131.

The "I uptakes observed in this series are simi-
lar to those qbtained with conventional clinical
methods, except that the number of observations
below 209 is somewhat high. Phantom studies have
wuggested that this may be related to detector posi-
tion and decreased counting efficiency of the lower
poles of the thyroid. Since each individual served
# his own control and constancy of geometry was
maintained, such variation does not affect the con-
clusions reported here.

In one of the subjects the initial uptake was only
13%, but he was clearly euthyroid by other indices.
This may have been due to normal variation or to
‘ounting geometric errors for this subject. Follow-
‘Mg suppressive therapy, his neck concentrations
‘1.2% and 1.3%, respectively, after 100 and 200 mg
f potassium iodide) were similar to those observed
 others under comparable conditions.

There is no doubt that 100 to 200 mg of potas-
tum iodide given at the time of exposure can large-
¥ prevent thyroid uptake of radioactive iodine and
*hereby minimize the radiation dose to the gland.
\dministration of the drug after exposure to *'I
Ftomptly blocks further accumulation by the thy-
tad, but previously concentrated isotope remains
2 the gland to be metabolized and released at a
‘“Wrate,''* ag is shown in Fig 3. The decrease in
fadioactive jodine activity in the neck shortly after
Srrest probably reflects clearance of inorganic '*'I
‘?'m the blood by the kidneys which, unk¥e thy-
"d tlearance, is not depressed by elevated serum
ide concentrations. (It should be recalled that
"uathyroid jodide is not corrected for, and that
. may comprise a part of neck burdens after
!‘;:'kade)_ Figure 2 demonstrates that increasing

&mount of potassium iodide above 100 to 200

: ’
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4. Duration of effectiveness of single dose of potassium
iodide administered before sodium iodide | 131 in low-
ering thyroid uptake.

mg does not seem to reduce concentrating ability

any further. -

The blockifg agent is most effective if given with
or just before exposure to radioactive iodine. The
extent of suppression observed was sharply reduced

when the iodide was given 48 hours before the rad

io-

active compound. Iodide is rapidly excreted by the
kidney from the extrathyroidal pool, accounting for
the short duration of protection afforded by a single
ingestion. Therefore, in the event of prolonged ex-
posure to radioactive iodine daily potassium iodide

5. Relationship between suppression of 131 | upfake and
iodide concentrat.ion in serum.
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readministration is required for maintenance of
suppression.

Radioactive iodine previously accumulated by
the thyroid is not discharged by potassium iedide.
The greater the time lag in the institution of the
countermeasure after exposure to '*'I, the larger the
isotope burden that will result; about 50% protec-
tion was noted even if three hours had elapsed be-
tween ingestion of the radioactive compound and
potassium iodide therapy.

It might be desirable to know the extent to which
thyroid uptake has been inhibited without perform-
ing actual uptake measurements. Our data show
that less than 1.3% uptake may be expected with
serum inorganic iodide concentrations of at least
104g/100 cc. These levels are achieved by admin-
istering at least 50 mg of potassium iodide with, or
200 mg 48 hours prior to, radioactive iodine expo-
sure; these levels correlate with suppression of 95%
on the curve in Fig 5 and with the observation that
989% =+ 3% suppression occurs after 100 mg of po-
tassium iodide. The techniques for measuring serum
jodide concentrations are commonly available and
such determinations may serve as a useful index of
protection. However, this relationship is only an
indirect index of suppression, since the ability to
accumulate iodide probably reflects thyroid '*'1
burdens rather than serum concentrations. The as-
sociation can be made with confidence at elevated
serum concentrations and is less reliable as physio-
logic inorganic iodine levels are approached.

The actual thyroid uptakes are somewhat lower
than the neck burdens reported due to our inability
to correct reliably for extrathyroid iodine. There-
fore, the suppressive effect of the countermeasure
is slightly underestimated.

Toxicity to iodide was not encountered, and the
two subjects who experienced discomfort at the
angles of the jaws when taking 1,000 mg of potas-
sium iodide were not incapacitated. Since 100 to
200 mg of potassium iodide was just as effective as
1,000 mg in causing uptake blockade and had the
advantage of not eliciting undesirable side effects,
the use of larger doses is unnecessary. Toxic reac-
tions from a single dose of the iodide or from short-
term administration is most unlikely, except for
occasional. allergic reactions which are usually
mild**; nevertheless, those allergic should avoid its
use. .

A word might be added concerning long-term use
of iodide as a countermeasure for prolonged expo-
sure to radioactive iodine. In this circumstance,
untoward reactions are uncommon, but there is a
small risk of hypersensitivity, goiter, jodbasedow,
hypothyroidism, and ioderma. Neonatal goiter and
respiratory distress developing in the offspring of
mothers who ingested iodide is an important prob-
lem requiring caution in the prolonged use of iodides
during pregnancy, and long-term jodide ingestion
is unwise in people with renal disease, cardiac fail-
ure, and pulmonary tuberculosis.'”” It is to be

116

REDUCTION OF THYROID IRRADIATION—BLUM & EISENBUD

stressed that a single ingestion, such as used hep,
in the suggested dose range is largely harmless,
In view of the possible serious consequences {rop,
exposures to large amounts of '*'I and the safey
and effectiveness of potassium iodide in blocking
thyroid uptake of radioactive iodine, it may be (..
sirable to provide 200-mg capsules of potassium
iodide in high-risk areas for immediate use by
adults in the event of exposure to massive amounts
of radioactive iodine. Large supplies of the dru,
could be strategically located for population use at
the discretion of public health authorities.'*"'* Peg;.
atric dose considerations in this regard have heen
previously discussed in the literature.® This coun.
termeasure would supplement, but not replace,
evacuation from a contaminated environment.

This investigation was supported by Defense Atomic Support
Agency contract DA-49-146-XZ-153 and Public Health Service re
search grants ES 00014 (Bureau of State Service) and CA 06t
(National Cancer Institute). .

The protein-bound iodine and free iodide measurements were
made by Bio-Science Laboratories, Van Nuys, Calif. Linda Row
and Harold T. Peterson performed the other measurements in thu
investigation. '

Generic and Trade Names of Drug
Norethynodgel with Mesttanol-—Enovid.l
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INFLUENCE OF WEIGHT (AGE), DIET AND DOSAGE ON

RESPONSE OF THYROID AND PARATHYROID GLANDS OF

MALE GUINEA PIG TO POTASSIUM IODIDE; EFFECT OF
THIS SUBSTANCE ON ADRENAL GLAND*

HERMAN T. BLUMENTHAL

From the Laboratory of Research Pathology, Oscar Johnson Institute,
Washington University School of Medicine -
ST. LOUIS, MISSOURI

has been a matter of controversy for many years. It has been maintained by

Marine and his co-workers (1~3) that, when the iodine intake is lessened below
the normal level, the thyroid gland tends to undergo hyperplasia, and, conversely,
that the administration of iodine diminishes the activity of this gland, causing the
production of hard colloid and low epithelium. Similarly, Levine, Remington and von
Kolnitz (4) and also Chapman (5) have reported that hypertrophy of the thyroid of
rats results from a low iodine intake. On the other hand, Loeb and his associates
(6-13) have reported, in a large series of investigations, that the administration of
KI primarily results in a stimulation of the thyrdid gland, which is characterized by
an increase in mitotic activity of the acinar epithelium associated with a softening
of the colloid, an increase in the number of phagocytes in the colloid, and an in-
crease in height of the cells lining the acini. This response occurs during the first
three weeks of administration of this substance and is subsequently followed by an
increased storage of colloid, which presses on the acinar epithelium and causes its
flattening. v -

It is the purpose of the present investigations to present further evidence con-
cerning the stimulating effect of KI on the thyroid gland and to define certain variable
factors which may, to a certain extent, modify this response. In addition, further
evidence is given relating to the parallelism in the response of the thyroid and para-
thyroid glands to the administration of KI, an observation which has recently been
reported by Loeb and the author (14). The effect of this substance on mitotic activity
of the adrenal cortex has also been studied.

Tﬂz RESPONSE OF the thyroid gland to the administration of potassium iodide

MATERIALS AND METHODS

In the first experiment,a group of ;uinea pigs was divided into three groups ac-
cording to weight (age): Group I consisted of 52 male guinea pigs which had just
been weaned (approximately 2 weeks old) and which weighed between 100 and 115
gm. at the beginning of the experiment; Group II (46 guinea pigs) ranged between 180

Received for publication May 8, 1942.

1 These investigations were carried out with the aid of grants from The International Cancer Re-
search Poundation, from the Committee on Research in Endocrinology of the National Rescarch Council,

- and from The Jane Coffin Childs Memorial Fund for Medical Research.

In a preceding paper titled “Further investigations on the proliferative activity of the thyroid gland
of the female guinea pig during the sexual cycle,” by K. 8. Chouke and H. T. Blumenthal, through over:
sight the statement was omitted that these investigations were carried out with the uid of a grant from
the Committee on Research in Endocrinology of the National Rescarch Council.
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Taste 1. Inrivesce or IODINE CONTENT OPF DIET ON MITOTIC ACTIVITY IN THYROID AND PARATHYROID GLANDS OF MALE GUINEA FIGS OF VARIOUS WEIGHTS (AG!S)

[+~

A, Diet Not Containing Chow B, Diet Containing Chow Without Iodine C, Diet Containing Chow With Iodine
Average Average . Average
Num- | Aver- parathyroid Num- | Aver- parathyroid Num- | Aver- parathyroid
ber age | Days | Average count ber age | Days | Average count age Days | Average count
of final on | mitoses/ 1 of final on | mitoses/ |[———————1 of final on | mitoses/ ———
guinea | weight, | diet | thyroid |Mitoses/ | Cells/ | guinea | weight, | diet | thyroid |Mitoses/| Cells/ guinea | weight, | diet | thyroid | Mitoses/ | Cells/
pigs gm. 10,000 unit pigs gm. 10,000 unit pigs gm. 10,000 unit
cells field . cells field cells field
Group L Initial weight 100-115 gm.
3 114 o 263 4.8 209" 3 114 o} 263 4.8 200t 3 114 o 263 4.8 200!
4 135 5 89 1.4 205 2 150 5 45 1.5 223 2 155 5 180 1.4 218
3 140 10 50 0.8 21§ 2 21§ 10 93 1.7 180 4 214 10 189 2.8 190
2 138 15 50 0.9 198 2 263 15 88 1.0 200 2 248 15 198 3.1 198
4 197 20 97 1.1 180 2 280 20 50 1.5 185 5 244 20 303 4.5 178
4 220 30 565 7.0 200 2 330 30 853 6.7 173 5 270 30 331 5.4 140
2 210 40 140 3.4 180 2 349, 40 195 4.0 200 3 310 40 985 6.8 153
Average 186 2.6 197 Average 223 2.6 191 _ Average 316 4.3 173
Group IL Initial weight 180-200 gm '
4 180 ] 153 3.7 203! 4 180 o 153 3.7 203! 4 180 o 153 3.7 203!
2 215 1 160 2.1 190 2 218 5 120 1.0 200 2 210 5 130 1.9 180
2 245 10 200 1.0 200 2 230 10 110 0.5 210 2 270 10 160 2.1 171
2 240 15 130 1.1 195 4 237 15 136 1.8 188 6 268 15 210 2.6 176
2 255 25 100 1.4 185 4 288 2§ 141 1.6 183 6 285 25 254 2.4 175
2 274 40 70 0.6 210 4 339 40 90 0.6 173 4 | 184 40 156 1.1 190
Average 132 1.2 196 Avenage 121 1.2 187 Average 199 2.6 179
Group III. Initial weight 390-420 gm.
4 418 10 47 0.8 - 198 | 1 4 08 | 10 65 0.3 197
4 447 2§ 52 0.3 20§ 4 435 ay 40 0.5 " 302
4 495 40 45 0.7 188 4 504 40 20 o 220
Average 48 0.6 197 Average 42 0.2 206

! Counts were made in these guinea pigs before the other animals of the respective groups were placed on the various diets,
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Taste 2. INFLUENCE OF WEIGHT (AG!) AND IODINE CONTENT OF DIET ON MITOTIC RESPONSE OF THE THYROID AND PARATHYROID GLANDS OF MALE GUINEA PIGS TO KI ADMINISTRATION

A, Diet Not Containing Chow B, Diet Containing Chow Without lodine C, Diet Containing Chow With Iodine
Average ) Average 1. Average
Num- | Aver- parathyroid Num- | Aver- parathyroid Num- | Aver- parathyroid
ber age | Days | Average count age | Days | Average count ber | age | Days| Average count
of final on | mitoses/ of on | mitoses/ [——————! of final on | mitoses/ | —-——
guinea | weight, | KI | thyroid |Mitoses/ | Cells/ | guinea | weight,| KI | thyroid |Mitoses/ | Cells/ | guinea | weight,| KI | thyroid |Mitoses/ | Cells/
pigs gm. 10,000 unit pigs gm. 10,000 unit pigs gm. 10,000 unit
' cells | field - field . field
Group L. Initial weight 105-115 gm.
3 118 5 113 1.0 208 3 116 ] 230 1.3 225 2 129 L4 430 2.0 3200
Y 124 10 232 2.2 210 -2 126 10 480 1.1 179 2 140 10 650 2.2 180
3 137 15 633 3.1 207 2 145 15 670 2.5 160 2 185 15 830 3.3 158
2 148 20 310 2.0 200 2 170 2q 550 1.9 210 2 220 20 569 1.4 145
2 203 30 120 2.1 195 2 23§ 30 26y 0.8 240 2 245 30 192 o 150
3 210 40 40 0.9 230 3 245 40 120 o 230 2 285 40 150 o 180
Average 273 1.9 208 Average 184 1.3 216 : Average 467 1.5 - 169
Group II. Initial weight 180200 gin.
6 209 £~7 176 2.7 189 6 | 18 47 28y 2.4 210 4 229 47 460 3.3 190
4 224 10-13] 248 2.4 19% 10 213 10-13] 449 4-3 204 8 251 10-13{ 813 4.1 19%
4 229 15 885 4.2 92 5 21§ 15 963 6.7 180 6 271 15 1387 9.6 1
4 232 20 500 3.4 190 6 246 20 336 3.4 75 6 283 20 647 5.0 19%
Average 422 3.1 101 Average 483 4.1 104 Average 856 5.5 188
Group II1. Initial weight 385-420 gm.
2 5. 480 2.4 190
2 10 1620 4.7 160
4 15 | 3640 9.5 135 - .
4 k3] 1060 3.2 144 '
3 40 400 1.9 210
3 50 280 0.9 217
Average 1276 4.6 167

p— }
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and 200 gm. in weight, and between 4 and 6 wecks in age; Group III (24 guinea pigs)
varicd in weight between 390 and 420 gm. and were approximately 3.5 to 4 months
of age. Three further subdivisions were made according to the diet given. Bach of
these three subdivisions received a basic diet consisting of lettuce, carrots and oats.
Subdivision A received only the basic dict; subdivision B received in addition Purina
rabbit chow containing wheat germ, soybean oil meal, cracked corn, molasses, 0.5
per cent calcium carbonate, and other salts which were iodine-free, while subdivision
C received in addition to the basic diet the same Purina Chow, except that 0.5 per
cent iodized salt replaced the iodine-free salt. (See table 1.)

In a second experiment, 123 guinea pigs were divided ina similar manner accord-
ing to weight (age) and diet, and were fed their respective diets for a perfod of 10
days preceding the administration of KI. The latter substance was then administered
either by feeding tablets or in solution through a tube introduced into the stomach,
in doses of 0.01 or 0.0§ gm., daily for periods varying between 5 and 50 days (see
table 2). :

The thyroid, parathyroid and adrenal glands were removed, immediately fixed
and prepared for study by the paraffin section technique in the usual manner. Mitotic
counts were made on these three glands according to methods described in previous
publications (14, 15). Thyroid counts were recorded as the number of mitoses per
total gland (both lobes), adrenal counts as the average number of mitoses per section,
and parathyroid counts as the number of mitoses per 10,000 cells; in the latter in-
stance, an additional figure representing the average number of cells per standard
unit field was recorded in order to indicate changes in cell size.

-

EXPERIMENTAL RESULTS

Influence of very small amounts of iodine in the diet on mitotic activity in thyroid and
parathyroid glands of normal male guinea pigs of various weights {ages). The influence
of the fodine content of the diet on mitotic activity in the thyroid and parathyroid
glands is shown in table 1. In Groups I and II, mitotic counts were made in guinea
pigs in a manner similar to those used in the experiments in which guinea pigs of a
corresponding age were fed with the various diets; these control counts serve as a
bascline for the curves indicating the influence of the special diets. It can be seen that
in Groups I and II the guinea pigs which received a diet not containing iodized salt
show, on the average, a lower degree of mitotic activity of the thyroid gland than
do those receiving the diet containing additional iodine. In Group III, in which only
two diets were tested, no effect of the added iodine was observed. The reason for
this becomes apparent when it is noted that in all three subdivisions there is a de-
crease in mitotic activity with increasing age, which occurs irrespective of diet.
Apparently the factors which bring about this diminution in mitotic activity with
increasing age are able to overcome the stimulating effects of iodine when a certain
age has been reached. With this interpretation agrees the fact that in Group II the
average increase in mitoses, resulting from the administration of the iodized-salt dict,
is less marked than in Group L. ’

It may be noted further in table 1 that in subdivisions A and B of the youngest
age group (Group I), which received diets to which iodine had not ! :n added and
which had therefore, a very low iodine content, there is a rapid fall in mitotic ac-
tivity in the thyroid gland within the first 5 days, and this is maintained for somc-
where between 20 and 30 days; at about 30 days there follows a sudden rise in mi-
totic activity, which subsequently again declines, without, however, reaching the
same low level which it had at earlier periods. While the reason for this rapid risc is
not definite, it may perhaps be a response of this gland to factors which become active
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at the onset of sexual activity. On the other hand, in subdivision C of the lowest age
group, there is a steady risc in mitotic activity through the 40 days during which
these guinca pigs reccived the diet containing iodized salt. But even in this group
the marked rise in mitotic activity developing between the 3oth and 4oth day may
perhaps be attributed also to the onset of sexual activity. In Group II, the fall in
mitotic activity of the thyroid gland in guinea pigs kept on non-iodized diets in sub-
division A begins between the roth and 15th day and continues until the 4oth day,
while in subdivision B there is a fall between the 25th and 4oth days. The guinca
pigs in Group II, subdivision C, which had received the iodized chow diet, show a
steady rise in mitotic activity up to the 35th day, when the maximum is reached.

In general, the mitotic activity in the parathryoid gland in these experiments
parallels that in the thyroid gland. Thus, in the parathyroid gland in Groups I and II,
in the guinea pigs which received the non-iodized diet, the average number of mi-
toses is somewhat Jower than in subdivision C which received iodized chow; like-
wise, the averages in age Group II are lower than those in the younger age Group I.
The averages are lowest in the oldest age Group III, and here there was no increase
in mitotic activity in subdivision C which received iodized chow. There is, further-
more, a correspondence between the average of cell size and the number of mitoses;
an increased average number of mitoses is usually associated with an increased average
cell size.

In the parathyroid as well as in the thyroid glands of the guinea pigs of the
youngest age group (Group I) there is in subdivisions A and B the same rapid fall in
mitotic activity within the first 5 days, due to a very low iodine intake and here, also
it is maintained for about 20 to 30 days and is followed by a sudden rise in mitotic
activity at about 30 days. As in the thyroid gland, mitotic activity subsequently
declines, but not to the same level as at earlier periods. In subdivisions C of Group [
in which the guinea pigs received iodized chow, there is a steady rise in mitotic
activity, which again closely parallels that observed in the thyroid gland including
the marked rise in proliferative activity between the 3oth and 4oth days, which
may perhaps be attributed to the onset of sexual activity.

We may then conclude that in the age Groups I and 11, the iodized chow causes
an increase in mitc: s in the thyroid and parathyroid glands, which is absolutely
and also relatively ;, ater in age Group I than in age Group II. In age Group III
the mitotic activity is low in all subdivisions, in accordance with the greater age of
these animals. In this latter group, the mitotic activity is not increased by substituting
iodized chow for a non-iodized diet. In age Group I a maximum in mitotic activity
is reached usually somewhere between the 25th and 4oth days; at 40 days there
occurs a fall from the maximum, which may perhaps be connected with the stage of
sexual maturity reached at that time. There is also a decline in mitotic activity be-
tween the 1st and 5th days of observation in certain groups; however, the signifi-
cance of this fall remains doubtful.

Effect on thyroid and parathyroid of the addition of large amounts of KI to the three
basic diets of guinea pigs differing in age. These guinea pigs reccived either o0.01 of
o.05 gm. of KI daily for periods ranging from 5 to 50 days. This substance was ad-
ministered either in the form of tablets orally, or as a solution by means of a tube
inserted into the stomach. No significant diffcrence was noted between the two doses
used or between the two methods of administration, hence no distinction is made as
to dose or method of administration in the discussion of the results (table 2).

In this table is shown the influence on the mitotic response in thyroid and pars-
thyroid glunds of the various amounts of KI given to guinea pigs kept on the various
diets. Mitotic activity in the thyroid glands of guinea pigs in subdivision A of
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Groups I and II was somewhat less than in those in subdivision B, while mitotic
activity in the latter was, in turn, somewhat less than that in guinca pigs of sub-
division C. Here the average mitotic counts were highest. There was a summation
of the cffects of iodized chow and of the additional KI. However, in age Group II,
subdivision C, the effects were greater than those of the mere summation. This seems .
to be due to the influence of age (weight) on the response to iodine; the old guinea
pigs responded with a greater increase in mitoses to the addition of KI. Thiscomes out
most markedly in the oldest age group, in which, even in subdivision A, the averages
reach the highest level, namely, 1276 mitoses. In general, it can be seen that the
maximum degree of mitotic activity in the thyroid of all groups is reached after about
15 days of KI administration. This corresponds to the former experiments on guinea
pigs in which it has been found that the largest number of mitoses were observed
after KLhad been given orally for a period of 15 days. -

The difference in the degree of mitotic activity in the various age groups should
especially be noted. The average maximum mitotic response in Group I in the ani-
mals receiving iodized chow (subdivision C) was 820 mitoses per thyroid gland and
3.3 per 10,000 cells in the parathyroid, whereas, in Group II it was 1387 in the thyroid
and 9.6 per 10,000 cells in the parathyroid. In Group III, in which only one non-
iodized diet was given, the maximum response was greater than in the two groups
of younger guinea pigs (2640 mitoses per thyroid gland on the average, and 9.5
mitoses per 10,000 cells in the parathyroid gland). There was, then, in response to the
administration of KI, an increase in mitotic activity in both the thyroid and para-
thyroid glands with increasing weight (age) in these experiments. There is a parallel-
ism between the mitotic activity in thyroid and parathyroid in that also in the para-
thyroid the maximum number of mitoses was found after 15 days and that in Group
I, the youngest age group, the number of mitoses reached the lowest average level.
Furthermore, in the second age group the number of mitoses increased in the direction
from the other two diets to the iodized chow, and among the animals in subdivision
A the average counts increased with increasing age. There is, then, in the most es-
sential respects, a parallelism between the effects of iodine on the mitotic activity of
thyroid and parathyroid. ‘

The relationship between the daily dose of KI and the intensity of the mitotic re-
sponse in the thyroid and parathyroid glands. In the various experiments carried out by
Loeb and his associates, Gray (6), Rabinovitch (7), McCordock (13), and Margolin
(12), the results which follow the administration of KI to guinea pigs during the
initial period were concordant as far as the increase in mitoses in the thyroid gland
is concerned. There is also agreement as to the time w! n the maximum response of
the thyroid is observed, namely, after about 15 days of oral administration of this
substance. On the other hand, there are great differences as to the degree with which
the mitotic activity was increased in different experiments. Thus, Rabinovitch (7)
reported maximum figures for mitotic counts as high as 4000 to 8000 mitoses per
thyroid gland when the optimal doses of KI, namely o.1 gm. daily, was given. The
figures found by Gray and Locb (6), as well as by McCordock (13), were lower;
Margolin (12) subsequently reported that guinea pigs fed as little as 0.0005 gm. of
KI daily for 15 days showed an average count of 1188 mitoses, a degree of response
similar to that observed by other investigators with o.01 and o.05 gm. of KI. Our
own counts (table 1) indicate that the weight of the guinea pigs used is probably
one of the variable factors which is responsible for variations in the mitotic counts.
It was also of interest to determine the influence of the daily dose of KI on the mitotic
activity of the thyroid gland, in view also of the finding of Rabinovitch () that
within a certain range the increase in the dose of KI increased with the number of
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mitoses. In an additional experiment in which 24 guinea pigs were used, the initja|
weight of the-guinea pigs was approximately the same as that of Group II correspong-
ing to an age of 4 to 6 wecks. These animals were fed the diet given to subdivision A,
not containing chow. We added also some of the counts of 16 other guinea pigs
shown in table 1. The guinea pigs received KI daily for periods of 1§ and 20 or 2§
days. The results in ta.l#el 3 indicate that the maximum is recorded usually after 1§
days of administration of this substance and that even a daily dose as low as 3.5 to
7.0 X10* gm. of KI still has some effect. There was no essential difference between

TAnLE 3. RELATIONSHIP OF THE DAILY AMOUNT OF KI ADMINISTERED TO THE DEGRER OF MITOTIC RESPONSE N
THYROID AND PARATHYROID GLANDS

Thyroid Co Parathyroid Count
Number Daily Amount | Number of ﬁ‘?‘ unt, - :
of Guinea of K1 Fed, Days Fed étl:'%’/ Mitoses/10,000 |  Cells/unit
Pige gm. K1 N ’A cells field
b‘:‘;" VEr* | Num- Aver- | Num- Aver
age ber age ber age
Initial weight 180-190 gm.; final weight 220-28y gm.
3 . 107! 15 580 3.4} 193}
a 1071 20 840} 70 6.9f 2 “yp4f 184
3 sX107t . 15 647 3. 8} zol}
2 §X1072 20 600} 635 2.9 3-4 203 302
3 1072 1y 907 4.5 190
3 1072 20 po} 752 3.[} 3.8 198} 194
3 §X1078 L 913 5.8 158
3. 107! 13 47 1.5 195
2 1073 20 200/ 3%4 2.1} 23 181 189
2 1074 1y $00 4.1} 'xso
H 107t 20 240 30 3.3 3:2 185 168
6 Chow with KIt 15 210 1.6, 176}
6 Chow with KI! 2§ 254} 232 2.4} 2.3 175 176
2 No chow Controls 15 x;o} 1. 1} 195
3 No chow Controls 25 rof 15 1.4f U3 ] 18sf %

! This chow furnishes a daily intake of 3.5 to 7.0%X107¢ gm. of KI per guinea pig.

responses to doses of 107! and § X 1072 gm.; however, if still smaller amounts of KI
are given, the effectiveness decreases, and it reaches the lowest point if the iodized
chow is used. These results apply in the case of guinca pigs in the weight and age
range chosen in these experiments. It is possible that if heavier and older animals arc
used, such as those used by Rabinovitch, the results may not be exactly the same.
If we compare the mitotic activity in the parathyroid gland with that in the
thyroid, we find a very close parallelism. However, the correspondence is not in
every respect complete and this may be taken as an indication that there may e an
additional factor determining the intensity of mitotic proliferation which is not iden-
tical in thyroid and parathyroid. As to the size of the parathyroid cells in these ex-
periments, the variations were relatively slight and are probably of no significance.
The response of the adrenal cortex to KI administration. One hundred and five
guinea pigs received KI tablets by mouth in doses of 0.01 or 0.05 gm. for perinds
ranging from 4 to 20 days (table 4). The total average number of mitoscs per scction
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of adrenal gland in the KI-fed guinea pigs was 3.1 as compared with 2.7 in 72 control
guinea pigs. This difference is not very great and the number of variations in the
different, groups is considerable and overlapping. However, a statistical analysis of
these results, as indicated in the last column of table 4, shows that there is a sig-
nificant increase in mitotic activity between the 8th and 15th day of KI administra-
tion. A further statistical comparison of the results in the group receiving KI for
8 to 10 days with those in the group receiving this substance for 12 to 1§ days showed
a figure of 1.7, which is not significant. It may therefore be concluded from these re-
sults that KI has some effect on mitotic activity in the adrenal cortex of the guinea

TabLE 4. MITOTIC COUNTS IN THE ADRENAL dOkTBX OF CONTROL AND KI-*ED GUINEA PIGS

Range of Variation pn gl
Numbee of Number of Average Number | ; Factor of Statistical
Guinca Days Fed of %Iﬁtoaes l‘n Q_Vﬁ:gegumbcr Significance as Com-
Pigs KI per Section Secti pet pared with Controlst
on
Initial weight 180-200 gm.; final weight 185~365 gm.
ag 7 3.1 o- 6.8 1.0
23 810 430 Av. 0.2-17.2 3.5
36 13-1§ 3.3 3.1 o-11.% 43
22 1 3.0 2 o- 8.7 1.1
73 Controls 2.9 o-10

! The factor of statistical significance was calculated according to the relationship A;— As/SE N
=5Ea,, in which A represents the average mitotic count for a given group and SE the standard ecror for
the corresponding group. If this factor is less than 3, there is no significant difference between the two
groups compared, while if it is greater than 3, it is almost certainly significant. A factor between 2 and 3
indicates a probability greater than merely a chance phenomenon.

pig,and that this increase in proliferative activity is manifested between the 8th and
15th da; s of KI administration.

DISCUSSION

As stated previously, Loeb and his associates (6-13) have observed that the oral
administration of KI results in an increase in mitotic activity in the thyroid gland in
guinea pigs, which reaches a maximum between the 15th and 20th days. There are,
however, considerable variations in the findings of different investigators as to the
degree of this maximum response. Rabinovitch (7) noted that the maximum count was
sometimes as high as 8000, and quite commonly reached figures of 4000 and 5000
mitoses per thyroid gland; in certain of his experiments the guinea pig weighed be-
tween 350 and 450 gm. Similarly, Gray and Rabinovitch (8) subsequently found an
average of 3442 mitoses per thyroid gland in two guinea pigs fed KI for 20 days. On
the other hand, Gray and Loeb (6) obtained an average maximum figure of only 710
mitoses per thyroid gland in guinea pigs fed KI for 16 to 23 days, and McCordock
(12) observed an average count of 1208 mitoses per thyroid gland in guinea pigs
which had received KI for 15 to 20 days. In the latter experiments the weight or age
of the guinea pigs used was not given.

In the present experiments it has been shown that weight (age) is an important
factor in determining the degree of mitotic response to KI administration. The in-
tensity of this response apparently depends to a great es.tent upon two antagonistic
influences, namely, the stimulating action of KI, and the factors concerned in ageing,
which tend to lower mitotic activity. In the first group of experiments (table 1), in
which certain guinca pigs were fed dicts very low in iodine content, the ageing fac-
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tors were predominent and there was a gradual diminution in mitotic activity in the
thyroid gland with increasing age. Yet, in guinea pigs receiving a diet of iodized chuw
the small amount of iodine contained in the diet was sufficient to produce an increase
in mitotic activity, this applied so far as the two younger age classes were concerned.

But in guinea pigs weighing about 400 gm. such a response was no longer obtained;

here the ageing factors predominated over the stimulating effects of the small amounts
of KI present in the chow diet.

It seems, however, that the depressing effects of ageing can be overcome by in-
creasing the amount of iodine administered, and, indeed, when this is done the re-
sponse in older animals becomes even greater than in younger ones. This effect of the
age of guinea pigs on the degree of mitotic proliferation of the thyroid glands could
account in some degree for the variations in the results of the investigators mentioned
above, but it does not completely explain the differences, since the maximum mitotic
activity in the oldest age group in the present experiments still does not reach the
high degree of mitotic response to KI reported by Rabinovitch (7, 9). It may be that
still older animals would have yielded results comparable to those observed by the
latter investigator. It will be of interest in future experiments to determine the
proliferative reaction of the thyroid gland to KI in still older groups of gumea pigs
than those we have used so far.

It is also of great interest that the very small amount of iodine ava1]ab1e in the

chow containing iodized salt was sufficient to result in a measurable increase in
mitotic activity in the thyroid gland. Margolin (12) has reported that doses of Kl as
small as .0oo1 gm. per day may have a slight stimulating effect on mitosis. We have
also shown that amounts as small as 10~ gm. of KI administered daily by mouth are
effective, and that even still smaller quantities of KI, such as those present in the
diet of iodized chow, may exert a distinct effect. The preparation of chow used in
these experiments contained 88 micrograms of KI per 100 gm. of chow. The average
daily consumption of chow in addition to the other elements in the diet was approxi-
mately 4 to 8 gm. The average daily KI intake from this source was therefore be-
tween 3.5 and 7.0 ug. While it cannot be excluded that small amounts of iodine may
also have been present in the lettuce, carrots and oats used in these diets, still, this
very small increase in the daily total iodine intake provided by the chow was suffi-
cient to result in a definite stimulation of the mitotic activity of the thyroid gland.
In the present experiments it has been shown that within a rather wide range, larger
doses produce a more marked effect than do smaller doses, while the latter also lead
to an increase in mitotic activity when compared with control animals receiving a
diet which does not contain iodized salt. In this case, also, additional experiments are
necessary to determine the minimal amount of KI which will result in an increased
mitotic activity in the thyroid gland.

It has, furthermore, been observed in these experiments that guinea pigs main-
tained on the diet containing iodized chow respond with greater intensity to the sub-
sequent administration of larger doses of KI than do guinea pigs maintained on the
diets not containing iodized salt. This may be due to a cumulative effect of the jodine
in the diet and the iodine subsequently administered in the form of potassium iodide,
or it may be that the thyroid glands of guinea pigs maintained on diets very low in
iodine become so depressed functionally that they do not respond with as great an
intensity to subsequent stimulation with iodine as glands which have been previously
supplied with very small amounts of iodine.

In a general way, the mitotic response of the parathyroid to various daily doses of
KI was parallel to that of the thyroid gland, although there were some exceptions.
The parallclism in the response of the thyroid and parathyroid glands to various
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hormones and hormone-like substances, which has recently been reported by Loeb
and the author (14) and which is confirmed in the present experiments as far as KI
is concerned, assumes added importance in the light of certain clinical and experi-
mental observations. Beaumont, Dodds and Robertson (16) have reported a number of
clinical cases in which there was an alteration of calcium and phosphorus metabolism
in thyrotoxicosis, and Mansbacher (17) has recently published a report of cases of
osteoporosis in hyperthyroidism. Michaud (18), Hansman and Wilson (19), Puppel
and Curtis (29), Cope and Donaldson (21) and others have demonstrated that in-
creased activity of the thyroid gland is associated with an increase in the excretion
of calcium and phosphorus. Aub, Bauer, Heath, and Ropes (22), Collip (23), Lang-
don-Brown (24), and Cope and Donaldson (21) are of the opinion that the increased
excretion of calcium in thyrotoxicosis depends on a direct stimulating catabolic effect
of the thyroid secretion on the calcium deposits in the bones. On the other hand,
according to Beaumont, Dodds and Robertson (16) ‘some other cause than the direct
action of secretion must be sought to account for the decalcification and excessive
calcium and phosphorus loss from the body in thyrotoxicosis.” The experiments of
Loeb and the author (14) as well as the present experiments indicate that these
alterations in calcium and phosphorus metabolism may perhaps be due to the con-
comitant increase in parathyroid activity, which occurs, at least in the guinea pig,
when the thyroid gland is stimulated to increased proliferative activity, However,
further investigations are necessary before any definite conclusions can be drawn as to
the mechanism of the altered calcium and phosphorous metabolism which is associ-
ated with hyperthyroidism, '

Our purpose in including experiments concerning the effect of KI on mitotic
activity in the adrenal cortex was to determine whether or not the mitotic activity
activity of the adrenal cortex parallels that of the thyroid gland in a manner similar
to that of the parathyroid. That the proliferative activity of the thyroid gland may
have some influence on the activity of the adrenal cortex has been indicated by the
experiments of McQueen-Williams (25), Emery and Winter (26), Rosen and Marine
(27) and others. These workers have reported that there was either an absence or 2
decreased response of the adrenal cortex to the administration of pituitary substance
following thyroidectomy. The present investigations indicate that the. increase in
proliferative activity of the thyroid gland which results from KI administration is in
all probability accompanied by a slight increase in mitotic activity in the adrenal
cortex. However, subsequently we shall discuss in greater detail the relationship of
the thyroid gland to the adrenal cortex.

SUMMARY

1. The addition of very small amounts of KI in the form of iodized chow to the
dict of male guinea pigs between the ages of 2 and 6 weeks results in an increase in
proliferative activity in the thyroid and parathyroid glands. Older guinea pigs (3 to
4 months old) do not respond to such small doses of KI. :

2. Guinea pigs maintained on diets to which no iodine has been added do not
respond as intensely to subscquent administration of larger quantities of KI (o.01
and 0.05 gm.) as do guinea pigs maintained on a diet containing iodized chow.

3. When the larger doscs of KI (0.01 and 0.05 gm.) are administered daily, a
typical maximal response is observed in both thyroid and parathyroid glands at .
about the 15th day, which is then followed by retrogression. This response increascs
with increasing age, within the age limits tested in these experiments.

4. No strict parallclism was observed between the amount of KI administered
daily and the degrec of mitotic activity observed in the thyroid and parathyroid
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glands. However, within a rather wide range, larger doses of KI produce more
marked activity in the thyroid and parathyroid glands than do smaller doses.

5. These experiments confirm the previous observation that a parallelism exists
between the effect of KI on the thyroid and parathyroid glands; in addition, it js
shown that potassium iodide causes in all probability a slight increase in the mitotic
activity of the adrenal cortex from the 8th to the 15th day of the administration of

this substance. - :
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' THE EFFECT OF POTASSIUM 10DIDE, SODIUM IODIDE, AND 10D: *
~ ETHAMINE UPON THE CONCENTRATION OF ALCOHOL- *.

Do SOLUBLE AND ALCOHOL-INSOLUBLE - . -
. - FRACTIONS OF BLOOD IODINE* ~ %. . ; -7+
' - ‘Br ELpox M. BOY_b; AND M; C. ix:}_mciiix-:_lii R
) IR " Abstract _‘ o N !

Potassium iodide, sodium iodide, and Iod-Ethamine were given by stomach
tube to 51 rabbits and the concentration of alcohol-soluble and -insoluble blood
sodine followed for a period. up to 24 hr. Following all three iodides, there wasa ~ . -
ri=e and fall in the values of both fractions of blood iodine, the values for the
aleohol-soluble fraction rising to the higher levels but declining more rapidly™" .
than the values for the alco%ol-insolublc fraction. Potassium iodide had the *-
. advaniage over sodium iodide that after its use the peak levels of both fractions_ - - 7
. .of blood iodine were maiatained for a longer period of time. Jod-Ethamine” .
had the advantage over potassium iodide that higher peak levels were reached -
- with both fractions of blood iodine and, while not maintaincd for as long as after
poiassium jodide, these peak lcvels were held for several hours and for a longer - .
- period than foilowing sodium jodide. ‘The concentrations of blood iodine were
« '+ cf the same order or higher than those found in respiratory tract fluid followi ’
.-~ administration of the samc dose of iodides, suggesting that the appearance of - 2°
- iodine-containing substances in respiratory tract fluid (R.7.F) after iodide _
) therapy is of the nature of a simple diffusion froen blood. - .

.
3 . .

- - The purpose of the investigation to .be reported below was threefold. *In’

~ the first place, Boyd et al. (2) have shown that potassium iodide and Iod-

Ethamine, given by stomach tube to rabbits and ‘cats, increase the output
of respiratory tract fluid (R.7.F.), and hence may beé considered to have_

properties of expectorant drugs. Incidental to the expectorant action, but

. not causative of it, there was found to occur a marked increase in the con-
centration of iodine-containing substances in.the R.T.F. We have found"
- that normal R.T.F. of cats and rabbits has about the same concentration of
“-measurable iodine as has blood, that is, from some 10 to'20 ugm. per 100 ml.*

(ugm! %), and-we have considered that iodine-containing substances simply

‘diffuse into R.T.F. from blood. After giving potassium iodide or Iod-Ethamtne

. by stomach tube in doses of 1 gm. per kgm. body weight, the concentratipn
of measurable iodinc rose to values of the order of 5000 ugm. per 100 ml. of
R.T.F. These very high values suggested that iodine-containing compounds

. might be actually secreted into the R.T.F., unless it could be shown that
blood contained values for measurable iodine, under the above conditions,
just as high as, or even higher than, was found in the R.T.F. Hence it was

decided to give these jodides by stomach tube in doses of 1 gm. per kgm.
body weight and follow the chunges in the concentration of blood alcohol-

" scluble (“inorganic™) jodine and alcohol-insoluble (“protein’’) iodine,
. Vo Manuseript received July 17, 1945, . s : oo
Cortribution from: the Depastment of Pharmucology, Queer's University, Kingstom, Ont.
3 Peefecsor of Pharmecology., ’
Y Re:eirch Assistan! in Pharmeccology,
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- In the second place, Dr. E. D Osbome of the Mayo Chmc repor‘cd some

.5

.&ears ago (4), that potassium iodide given to patients produced an ircrease

in blood “protein” iodine'while administration of ‘sodium xodxde had ltde -
effect upon the level of blood “prorein” iodine. While Osborne’s work did _
not prove that potassium iodide was preferable to sodium iodide therapcu- |
tically, it at least indicated that there was apparently a biochemical difference

_in the action of the two compounds and suggested a foundation in fact for ©

'

the continued ‘use of potassium iodide, rather than sodium iodide, in such .
pharmaceutical preparations as Liquor Icdi Aquosus, B.P. (1) and Liquer ~
Todi Fortis, U.S.P. (5), both of which are commoniy called Lugol's S~lution.

Osborne also reported that sodium iodide is excreted in urine at a rate faster -

‘than that of potassium iodide which suggested that potassium iodide has the

advantage of a more prolonged action than sodium indide. Since we were

_ investigating the effect of potassium iodide upon the tvo fractions of blood

" iodine, advantage was taken of this opportunity to inc'ude sodium iodide in

order to ascertain whether we could confirm Osbome's nndmgs. o

In the third place, it was desired to find whether the urganic iodide, Iod- -
Ethamine, has any advant.a.ge in the way of:pro!'mged postabm’pnve blood™
iodine curves, over the two morgamc mdxdg. Of the mzay ~panic md:des

" available, Boyd ¢f al., {2) have_ “found onl) two, namely &.m' -v;\ hY R)

- and Jod-Ethamine tHit have e\pectoraé\t properties like : thosé of the in<
" organic iodides._~ Iod-Ethamine was selecfed as an. example of an at”

- organic iodide. . Chemically, it is ethylehediamine dihydriedide, mn:ammn
‘about the same percentage of iodine as sodium iodide and porassinmr indide,"
-and it was kindly provided by the Pitman-Moore Comp:mv of Ind.‘z::n;)m"

through the courtesy of Dr. Frank B. Fisk. By comparing Fi 1gs. 1 z2ad 2 of

- the paper by Boyd ¢ ul. (2),.it may be seen.that Iod- Ethamire had a mote l
“-prolonged, and, dose for’dose,~a more marked, expectorant &ffect thaa -

potassium iodide in the rabbit but little difference could be detected in the cat. -,

Poctabaorptn e blood iodine curves were determined in the followmg manner.
Three groups of 18 rabbit{ each were given by stomach tube, 1 gm. per kgm:
body weight of the fnilowing iodides:. Group e, potassium iodides Group 2,
sodiumn iodide, and Group ¢, Iod-Ethamine. Samples of venous bleed were
oxalated and taken at intervals of 0, 0.5,1.5,2.5,3.5,6,9, 15, 18, end 24 br. *
after administration of the iodides. “In view of the high values fourd for*
blood measurable iodine, a sample of about 2. ml. of biocd was found to be
sufficient for analysis in all except the sample taken before the jodiccs were -
given, when 10.to 15 ml. were required. - Blnod was then extracted repcatedly
with alcohol, which had been P:pecull\ plrified; after the method of Boyd and -

. Clarke (3). It is our custom, in this laboratory, to refer to the xodme con-

tained in this extract as the cold-alcohol-soluble fraction and it is analogeus’
to what is usually referred to as the non-protein blood iodine. Siruilarly, we
refer to the iodine content of the residue after extraction with aleohol at roum”
temperature, as the cold-alcohol-insoluble fraction and this correspords. °
approximately to what is usually called protein blood iodine. ~The terms.
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- protein.amd’ nonprotein ‘blodd iodime ‘are. somewhat  ambigrotis in 80 fir as
they refer to alcohol-separated blood iodine, because some analysts have used
" alcohol at' room temperature, some, alcohol in an-extraction apparatus at
78 C., and the length of time and other factors have varied ‘considerably. -
Boyd and Clarke (3) have shown that the conditions of the e\penment must
he ciearly defined because, under certain conditions, all iodine in blood can
be made soluble in hot alcohol. Using alcoholic separation, at least three
fractions of blood iodine may be separated (3) but as we have no proof of the
exact chemical nature of these fractions, we prefer’ to use the terms cold-
" alcohol-soluble and . -insoluble in connection with the fractions herein
separated, rather than the terms protein and non-protein to which, in past
usage, these fractions roughly correspond. The iodine content of the two
fractions was then determined with the axd of a Conway mxcroburette after
the method i in use in this laboratory (3). .

. Values for the concentration of these two fractions of blood iodine, as
deter'nined before and at the stated intervals after the various iodides were
given by stomach tube were tabulated, averaged and plotted in Figs. 1 and 2.
“The mean changes in the concentration of cold-alcohol-soluble iodine have
been charted in Fig. 1.  Rising from low initial pretreatment values that
averaged slightly less than one-half the normal total blood iodine, the con-
centration rose rapidiy within an hour or two to values between 12,000 and’
24,000 pgm. per 100 ml. of whole blood and then fell off gradually until at
~24 hr. after administration of the iodides the values were between 4000 and
12,000 pgm. %. The following differences were noted between the- post--
absorptive curves after the three iodides... Following the administration of all
three iodides, there was a rapid initial rise in the level of-cold-alcohol-soluble
iodine. The greatest initial rise followed administration of sodium iodide,

_ which reached a peak value of nearly 24,000 ugm. % in about two hours, the

.peak value was maintained for only an hour or so and then the level fell

. rapidly until about nine hours after the drug was given, when the slope of»

the drop became less precipitous and declined gradually from about 11,000
- ugm. 7% at nine hours to about 5000 ugm. %, at 24 hr. Following adminis-

" tration of potassium iodide, the concentration of coid-alcohol-soluble. blood

_iodine rose rapidly within half an hour to about 9000 ugm. %, then more
slowly increased to 15,000 to 16.000 ugm. 7 at six hours; this level or plateau
“was held for several hours to 15 to 18 hr. and then declined gradually to
about 11,000 ugm. % at 24 hr. These results indicate that a high blood level
of alcohol-soluble iodine is maintained for a longer period of time following .
the use of potassium iodide than following sodium iodide. The rapid decline
in the concentration of cold-alcohol-soluble blood iodine following ‘use of
sodium iodide might be interpreted as indicating that the iodide has been
changed into an alcohol-insoluble form, or that this fraction of blood iodire
has gone into the tissues, or that it has been eliminated in urine. . As will .be,\
shown below, the first of these possibilities does not occur and in view of the
work of Osborne (4), it wouid appear most likely that a rapid renal excretion -
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of eodmm xodxde aoeounted for the rapxd fall m the ooncentratiowof t‘hn
friction; “The oom?bmauon,of these variols Iactors would seem to. 3ust1fy, .
therefore. the oontmued*uae of potassmm 1odxde yather than sod' inm md'xde.

"blood stream is desired, as in thepreparat:on of pa.txenu for thyro:decmmy.c
There is good reason to.beheve that. the cold-alpohol—solub!e iracuon of
- blood jodine consists mostl'y of"i'norga.mc iodide and water-soluble m;hde.~
As the level of this fractnon in blood- was'even greater than the leved In'R.T. F.,«
'Iollowmg the admxmstra.non of equxva.lent doses of the 1odxdes 1Lbecomes
unnecessary to postulate thgt‘ iodide_therapy resultsiina secretxoq of 1odxde
sinto R.T.F. ‘Sxmple -diffusion from hfood Yo R.T.F. éoild mddy account for
~thé hlzh values' found by Boyd  al. (2) in.the R.T.F." The, evxdenm herein 'm
obtmned does not prove that 1od1ne-eontammg compounds tet mm R.T.F.-g -
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by sxmple diffusion from blood: the evxdence is only circumstantial but is
s*rong,v suggestive that ‘this is the case. - ' .-

Is there any evidence, from the data presentea in FJg 1, that the orqamc'
jodide Iod-Fthamine . has any advanmge over the inorganic iodides? The
curve for celd-aleohol-soluble blood iodime obtained after administration of
Iod-Ethamine differed from that obtained after administration of the in-
orzanic icdides in the following respects: the peak concentration almost
ecualied that obtained after sodium iodide was given but was maintained not
for an hour or so but for five or six hours ahd the concentration reached. the-
_peak concentration, was greater than that following use of potassium. iodide
thouzh it was not maintained for as long a period of time. It would seem
-logical to corclude from this that the organic icdide, Iod-Ethamine, has the
‘advantage over sodium iodide that high levels of cold-alcohol-soluble blood
wdne could be maintained with longer intervals between dosing, and the

advantage over potassmm iodide that a hlgher concentration of cold-alcohol—-
- soiubie blood iodine can be attained.. - -

Average changes in the concentration of cold-alcohol—-msoluble. blood mdxne,
“so-called protein iodine, following administration of the three fodides have been
* plotted in Fig. 2. Following all three iodides, - ‘the concentration of this-
fraction rose ramdly w.thm one hour of admfinistration of the-drugs, to a
level of about 1060 p, %%, and then more slowly rose’to values betweem
"3002 and 3000 ugm. “The peak concentration reachéd was only about
one-quarter that attamed by the cold-alc_ohol—soluble blood iodine but it was-
maintained for.a longer period of timey . S 1 Lo

We were Lrable to confirm the rgport of Osbome that the admxmstratxon :
of ycta:wun iodide dces, but the admmxstratxon of sodium iodide does not,,
cause an inerease in the concentratmn of this fraction of blood iodine.- __I'n'
_fact, the average concentration of the alcohol- insoluble fraction was increased
to 4 greater extent following sodium iodide: than following potassium iodide:”
"On the_ other hand, following sodium jodide the concentration of this fraction
fell more rapidiyv from its peak value than it did following administration of
- potassium iodide. which could be harmonized thh Osborne’s finding that.
sodium iodide is more readily excreted in urine than potassium iodide. '

The postaowrpmt curves for cold-alcohol-insoluble iodine reached about:
the same levels as those found in R.T.F. following administration of the same.
- dose of the iodides. It is possible that some, at least. of this fraction of

lood iodine could diffuse into the R.T.F. - If such is so,.then the evidence

obtaired and plotted in Fig. 2 adds further weight to the suggestion that the
cccurrence of iodine-containing substances ia R. 1 F. is by way of :mlple
diffusion. - »

Finally, a comparison of the different iodides lead< to the concluelon that
Iod-Ethamine has the same advantages over sodium iodide and potassium
icdicde with resoect to its efflect upon the concéntration of the cold-alcohol~
imzolubie bleod iedine as it had upen the concentration of cold-alcohol—
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‘sgluble"'ioding,fth'ough not to quite as marked a degree. The peak plateau
reached following Iod-Ethamine was almost as great as that following sodium
iodide but maintained for a longer period of time and the peak plateau was

somewhat greater than that following potassium iodide but not maintained
for quite s long. : ’ : :
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GOITRE PROPHYLAXIS BY ADDITION
OF POTASSIUM IODATE TO BREAD

Experience in Tasmania

F. W. CLEMENTS

School of Public Health and Tropical Medicine, University
of Sydney, and Commonwealth Department of Health,
Australia

H. B. GIBSON J. F. HoweLer-Coy

Department of Health Services, Tasmania

In March/April, 1966, potassium iodate
was substituted for some potassium
bromate in the bread improver used throughout
Tasmania, as a universal prophylactic against endemic

Summary

- goitre. The rate of addition of iodate was 2 parts per

million of bread by weight. After a preliminary
survey in 1949, tablets containing 10 mg. potassium
jodide had been made available to infants, prescheol
children, and schoolchildren through schools and
child-health centres for weekly consumption for
approximately sixteen years. State-wide surveys at
five-year intervals showed a slow steady reduction in
the prevalence of goitre, but in some regions the rates
remained high. It was presumed that this was due to
ineffective distribution of the tablets. Since 1966
there has been a further striking reduction in the
prevalence of goitre, and the 1969 rates for the whole
State are similar to these in a non-goitrous region.
Some unexplained regional variations were noted in
the latest survey. It is concluded that the incorpora-
tion of 2 parts per million potassium iodate in bread
is an effective prophylactic against endemic goitre.

Introduction

Tasmania has long been recognised as an endemic
goitrous region. The intensity of the thyroid enlarge-
ment varies from one region to another, probably
due to the nature of terrain and the extent of earlier
glaciation. '

Although there may be other factors in the ztiology
of the endemic goitre, the Tasmanian health authori-
ties have accepted that the main factor is iodine
deficiency, for in 1950 a programme of iodine pro-
phylaxis was introduced for schoolchildren, infants,
and preschool children. Because the mandatory use
of jodised salt was unacceptable, the method chosen
was the distribution to the selected groups of tablets
containing 10 mg. potassium iodide, one tablet to be
taken weekly. The distribution was through schools,
and child-health centres. Over sixteen years some
thirty-six million tablets were distributed.

Surveys were made of a significant percentage of the
school population at five-ycarly intervals up to 1965
when a report of the results of five State-wide surveys
was completed. ! The prevalence of endemic goitre
fell progressively over the sixteen years of the pro-
phylactic programme, but the condition was not
eliminated, and there were comparatively large groups
of the population, where, because of the lack of co-
operation between schooltcachers and health authori-
ties, the distribution of the tablets was so spasmodic as
to be apparently non-effective. Furthermore, the
distribution through child-health centres to infants
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and preschool children was largely ineffective, especially
for the preschool children, because of their irregular
attendance.

The distribution of the tablets had, however,
demonstrated that iodine prophylaxis could reduce,
perhaps to vanishing-point, the attack-rate of endemic
goitre in the younger age-groups, even if it did little
to reduce the size of existing goitres. The Tasmanian
public health authorities decided to continue iodine
prophylaxis but to change the method from tablets
to iodation of bread.

Iodation of Bread

The use of potassium iodate as a bread improver up to
20 parts per million (p.p.m.) weight of flour was approved
by the National Health and Medical Research Council
in May, 1963, and the necessary legislation was passed by
the Tasmanian Parliament on Oct. 27, 1964 (Statutory
Rule no. 189).

In the early 1960s the average consumption of bread
was estimated by the Commonwealth Bureau of Census
and Statistics to be approximately 3:3 lb. (1500 g.) per
head per week. The improver commonly used at that
time was potassium bromate. Since the estimarted require-
ment of iodine for an adult is of the order of 150 ug. per
day the use of iodate as the sole improver would have
yielded much more iodine than was required to prevent

TABLE I—ESTIMATED MEAN IODINE INTAKE BY PERSONS OF DIF-
FERENT AGES BASED ON BREAD CONSUMPTION, COMPARED WITH
RECOMMENDED DIETARY ALLOWANCE *

Males ' Females
Age | Bread intake | Iodine intake | Bread intuke | Iodine intake
(oz./day) (ug./day) (oz./day) (ug./day)
Mean | Range | Mean | R.D.A. | Mean [Range| Mean! R.D.A.
1-3 | 25 0-9 81 55-60 25 | 0-8 81 55-60
37| 41 1-19 130 70-80 41 [ 0-13 ¢ 130 70-80
7-11| 58 0-18 187 |100-125| 5-1 0-17 | 163 | 100-125
11-15( 73 1-22 235 135 61 | 0-22 | 196 115
15-18| 83 0-20 270 150 53 | 0-17 | 170 120
18-35| 69 0-21 218 140 36 |0-14 | 113 100
3564 60 0-23 194 110 35 {0-11] 113 2

®Adapted from data of Howeler-Coy.®
R.D.A.=Recommended dietary allowances.?

goitre. It was decided to permit the addition of 2 p.p.m.
of potassium iodate, and the firm which supplied bread
improver to Tasmania agreed to substitute the required
amount of potassium iodate for potassium bromate in the
improver shipped to Tasmanian bakers. It was estimated
that the range of bread consumed by the various age-
groups would supply a significant percentage of the
estimated daily requirements of iodine.

By the end of April, 1966, practically all areas were
being supplicd with the new improver, and the distribu-
tion of tablets of potassium iodide to infants and children
was gradually phased out, so that by the end of 1967 this
method of prophylaxis had been abandoned.

Results

Bread Consumption

A survey of the quantity of bread eaten by different
age-groups in Tasmania was undertaken by twenty-
two school nurses, who made home visits for this pur-
pose. The survey was planned by one of us (J. F. H.-C.)
and ran from March to December 1966, A questionary
was completed covering a day’s intake for each family
visited. Nurses recorded sex, age, and the amount of

i
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bread caten for cach meal by cach family member from
elderly relatives to the youngest child.

The bread intake of 4472 individuals, 1-29%, of the
total population of Tasmania, was estimated in table 1.

Repeated analyses of bread, by the Australian
Mocroanalytical Service, Division of Organic Chemis-
try, Commonwealth Scientific and Industrial Research
Organisation, have shown that, with one exception in

TABLE II—PREVALENCE OF GOITRE IN TASMANIA FROM 1949 to

1969 BY AGE
4.5 6-8 9-11 12-14 15-17
Year
P.G. | V.G. | PG. | V.G, | P.G. | V.G. | P.G. | V.6. | P.G. | V.G,

Boys

1949 | 235} 00 (279 1-2 348 | 3-7 |38-3| 64 |37 4| 35

195¢ {242{ 50 (304 81 }29:7| 90 |31:1} 99 | 272 | 59

1960 [21:5] 50 {229 72 |21-7| 72 | 192} 65 | 184 3-7

1965 [10-1| 23 {144 35 {173| 56 {166 50 | 138} 35

1969 | 821 02 110} 1-6 (143 34 | 156 21 § 921 11
Girls -

1949 [20-1 | 27 [288| 31 [41'5] 8:4|44:7{208|490{233

1954 |249| 59 [300)] 96 | 262|126 333167291 233

1960 [26:4{ 75 | 257 | 91 | 249 105|233 | 146 | 229 | 156

1965 [11-6] 25 | 156 | 40 [ 182 | 69| 187 |101}200| 95

1969 | 86 03 {127 | 1.2 |174| 36|181| 51162 | 38

P.G. =Palpable goitre. v.G.=Visible goitre.

1966, the rate of iodation remains constant at approxi-
mately 2 p.p.m.

Goitre Survey in 1969

The survey technique and method of assessment of
thyroid size were the same as those used in the previous
five surveys.! The number of children included was
determined after a study of the results of the previous
surveys, including the regional variations noted,
especially in the last survey in 1965, when it became
apparent that the method of distribution of the tablets
of potassium iodide was defective in some regions.

The main population areas were covered and re-

g——~a North-west Coost
o—0—o0 Northern Metropolis

Nerth Centrol Plains
North-eost Plains

4——+ D'Entrecostecux Channel
o———@ Southern River Valleys
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)
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-
<
«
v
§ S8
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<«
w
2
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"
T
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Fig. 1--Standardised prevalence-rates for visible goitre for the
regions of Tasmania at five surveys showing the decline over
time and the low figures in 1969,
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TABLE 1L1—STANDARDISED PREVALENCE-RATES FOR VISIBLE GOITRE
IN THE VARIOUS REGIONS OF TASMANIA FROM 1949 TO 196% '

Region 1949 1954 1960 1965 1969
th-West_
N%oasl . . 41 54 12:4 65 2:2
Northern Mctropolis 83 229 3-6 64 75
North-Central Plains 71 17:2 74 20-0 48
North-East Plateau. . 109 115 31 10-1 43
D’Lintrecasteaux
Channel .. .. N.S. 85 11-2 31 1-5
Southern-River
Valley .. .. N.S. 14-1 14-0 53 2-2
Southern Metropoli 69 10-1 50 31 0-6

N.§. =Survey not made that year.

presentative samples of each of the age-groups studied
in previous surveys were examined.

The State-wide prevalence, expressed as a percen-
tage of those examined, of palpable goitre and of
visible goitre for each of the five age-groups, for boys
and girls, found at each survey is shown in table 1.
The age/sex standardised State-wide prevalence-rates
for visible goitre for the various regions covered in the
1969 survey, using the 1960 population figures as the
standard popul:tion, are shown in table 111 and fig. 1.

Urinary lodide Excretion

Urinary iodide excretion in children was surveyed
before and about two years after the introduction of
jodate into the bread. The results for three localities,
where the prevalence of goitre had been high before
enrichrhent, are compared with results, pre-enrich-
ment, for the whole of Tasmania and two other
localities, in fig. 2.

Discussion

A feature of the 1949 survey was the high prevalence-
rates of large visible goitres, especially in girls, which
were prominent and clearly demonstrable to the lay
observer, The distribution of the tablets of potassium
iodide started in 1950, so the increase in prevalence in

30
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enrichment)
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l'!‘ 2—Urinary lodide excretion; cffects of the addition of
ludate 10 bread.
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the 1954 survey was unexpected. One feature of the
1954 survey was the substantial incrcase in the pre-
valence in children up to 9 years of age; in each age-
group from five to eight years inclusive, the prevalence
of visible goitre for some regions was almost identical,
at about 8%. We suggested ! that the introduction of
a free school-milk scheme in 1951 and the radical
change in diary practice including the introduction
of fodder crops of the Brassica family may have
resulted in the appearance in the milk of food goitro-
gens,“® but attempts to isolate a substance with
sufficiently strong goitrogenic properties were unsuc-
cessful.® Later surveys revealed a progressive fall
in prevalence-rates in most regions. However, the
North-Central Plains and the North-East Plateau both
showed a distinct rise in goitre in 1965. This was
attributed to defective distribution of the tablets.

Previous surveys had demonstrated a seasonal
variation,” and the 1969 survey was done in the
autumn, the period chosen for the other surveys (ex-
cept that made in the spring of 1960) to check on the
extent of seasonal variation. The figures in table 11
show a striking fall in prevalence in all age-groups in
1969 compared with 1965. The visible-goitre rate in
the two youngest age-groups is especially encouraging,
suggesting that iodation of bread is preventing the
appearancg of goitre in all but a small percentage of
young children. The existence of some goitre in the
older age-groups may, in part, be due to residual cases
which developed at an earlier age. It must also be
appreciated that a small percentage of children and
adolescents develop goitre in non-goitrous regions,
such as the metropolitan area of Sydney. Kamal et al.,®
in their recent study of goitre in the Sudan, pointed out
that individual susceptibility must always be con-
sidered in a goitre survey. A number of ad-hoc surveys
of adolescent girls who have lived in Sydney through-
out their lives by one of us (F. W. C.) have shown that
between 2 and 49, have a small but definite visible
goitre. The 1969 survey in Tasmania revealed a
prevalence for the older girls not much in excess of
that likely to be found in Sydney. Furthermore, in
contrast to 1949 when up to 259% of older girls had
large visible goitres, the enlargements are just de-
cernible as a bulge filling the space between the two
sternomastoid muscles.

Table 11 shows fluctuations in the agefsex stan-
dardised prevalence-rates in the various regions. We
have already referred to the high rates in the 1965 sur-
vey in both the North-Central Plains and the North-
East Plateau. Inquiries made at the schools in these
areas, at the time, revealed a lack of cooperation be-
tween thc teaching staffs and the nurses from the
health department responsible for the distribution of
the tablets to the schools. In beil areas there scemed
to be a number of headmasters who influenced other
teachers against the prophylactic programme.

Table 111 shows that regional variations still exist.
In view of the uniformity of distribution of iodated
bread improver—all bakers in Tasmania draw their
supplics from common suppliers in the north and
south of the island—and the continuation of the
iodation of bread at 2 p.p.m., the question of the pos-
sible opcration of some additional wmtiological local
factors might have to be reconsidered.
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The bread consumption and the estimated mean
iodine intake of the people covered by the bread survey,
together with the recommended dietary allowance of
iodine, are shown in table 1. Some older children,
adolescents, and adults may be consuming more than
the dietary allowance of iodine. Because of their low
consumption of bread some individuals may actually
have intakes well below the recommended allowances,
and this may account for the continued presentation
of some cases of endemic goitre. The urinary excretion
of iodide show that most children tested are receiving
adequate amounts of iodide.

The results of the 1969 survey indicate that for all
regions surveyed iodation of bread has been much more
effective in the prevention of goitre than was the dis-
tribution of iodade as tablets.

We thank the Minister for Health, Commonwealth of Aus-
tralia, and the Tasmanian Minister for Health for permission to
publish this report.

Requests for reprints should be addressed to F. W. C.
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Iodine in the Atomic Age®t

By GEORGE M. CURTIS ‘ .

‘TIIAT 10DINE is of major consequence in any
consideration of the essential nature of thy-
«id activity, or of thyroid discase, long has been
. matter of common knowledge. The thyroid
Aand is a principal storehouse for jodine. The
thyroid hormone has a high jodine content. The
¢ of iodine in the prevention, as well as in the
weatment of goiter has become even household
wnversation. In fact, iodine is now generally
regarded as a nutritional necessity. Neverthe-
‘vss, trite as now may sound this older account,
sewer facts are constantly being added, with the
resultant opening of even wider horizons in our
understunding of the evolving story of the clini-
eal significance of iodine.

It is established that jodine is constantly pres-
ent in human blood. A part actually forms a
iraction of the circulating thyroid hormone.
The intake of food iodine fluctuates. There
ensues a consequent variable loss of iodine from
the body by excretion. The Tevel of the blood
indine varies, Moreuver, by measuring  this
variation we may obtain some idea of the secrc-
tory activity of the thyroid gland. Indeed, that
portion of the blood iodine contained within the
drenlating thytoglobulin may actually be frac-

* Recvived July 16, 1051, from the Departinent of Ro-
warch Surgery, Oliio State (Iniversity, Cohiunbus, Ohin.

t Presented to the Seientific Section of the A, P A,
"":ll}lil‘ City meeting, Muy, 1950, by Dr. George M. Curtis,
""'ll’lcnt of the second (1949) Chilean lodine Educational
Mureau Award for outstanding research in the chemistey and
Pharmacology of iodine.

tionated away and analyzed separately. This
determination has become of considerable clinical
value in recognizing variation of thyroid func-
tion.

After the development of the cyclotron by
Lawrence it became possible (1940) to prepare
radioactive iodine forexperimental purposes. This
was created by hombarding elemental iodine or
even an entirely different element, tellurium, with
high-speed protons. The biologic use of radio-
iodine has already added greatly to our knowledge
of the fundamental physiology of jodine as well
as its utilization by the thyroid gland in health
and discase. The use of one of the radioactive
isotopes of jodine, 113, as a “‘tracer” or in the
preparation of “qutographs,” has been most
fruitful in adding to our knowledge of endogenous
jodine metabolisni.

It is the purpose of this address to present a
hrief sketelt of the background history of biologic
jodine, thus better to orient ourselves to the
more recent developments. Then, to outline
those principles underlying the human ijodine
requircmnent;  to present certain features of the
metabolisi of iodine as related to nutrition as
well as to thyroid function in health and diseasc;
to demonstrate something of the action of radio-
jodine; and finally to consider certain of the
newly discovered principles which underlie the
clinical use of radioiodine in the treatment of
thyroid discusc.
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HISTORIC BACKGROUND

The ancients used burnt sponge and scaweed in
the treatment of goiter. This was a fortunate em-
piricisin as the nature of goiter was but little under-
stood and ifodine was unknown. Iodine was dis-
covered in 1811 by a French pharmacist, Courtois
(1). Nupolecon was Dlockaded in France by the
British fleet. It was consequently impossible for
him to import suflicient foreign nitrates to make gun-
powder. He appealed to his scientific staff who
made it possible to process the cruder local supplics
of availuble nitrate by treatment with a Iye made
fromn the ash of secawced. This was carried out in
large copper vats, Some unknown substance cor-
roded the vats. Upon investigation this proved to
be a new clement, iodine. Thus, like the develop-
ment of the bomb, the discovery of iodine resulted
from the stress of military necessity.

Soon afterward Sir Humplirey Davy demonstrated
the prescnce of jodine in sponges, scaweed, and vari-
ous other forms of marine life. As a logical se-
quence, a British physician William Prout (2) pre-
scribed the new medication, iodine, as early as 1816
in the treatment of goiter. Two Swiss physicians,
Coindet de Géndve (3) and Straub von Bern used
iodine as carly as 1820 for a similar purpose. Since
that time fodine and the goiter problem have become,
and rematin, inseparable.

In 1831 a young French chemist, Boussingault,
recorded thatin - Andes, where goiter is prevalent,
the sea salt of Guaca was used as a “cure.” More-
over, that the districts in which an iodine-rich salt
was used, were free from goiter. This was followed
by other similar investigations, resulting in the de-
velopment of Prevost’s theory, and its announce-
ment in 1849. Prevost maintained that there was a
direct relation between the supply of iodine and the
incidence of goiter. His theory was further sub-
stantiated by the subsequent extensive chemical
studies of Chatin (4). Chatin published a secries of
pertinent papers in the “Complés Rendils” between
1850 and 187G. These presented the best support-
ing evidence available up to that time.

As a’ consequence of Chatin's findings, three
French provinces attempted iodine as a preventive
against the development of goiter as carly as 1860.
The results were not satisfactory, It is not so dif-
ficult to understand the ill effects of that cxtensive
experinient in the light of recent investigation. Any-
way, the use of jodine as a goiter prophylactic was
even denounced before the French Academy of
Medicine by Rilliet, and rapidly fell into disrepute.
The general use of jodine as a preventive against the
development of goiter thus reccived a severc set-
back. During the ensuing thirty-five years other
theories arose as to the nature of goiter. It was
during this thirty-five year period (1860-1895) that
the infection thcory of the origin of goiter gained
credence. This was doubtless due to the wide at-
tention attracted by the contemporary discoveries
of Louis Pastcur.

Theodore Kocher (1841-1917), pioncer student
of the surgical problems concerning goiter, was well
aware of the alleged relation between jodine defi-
cicuey und subscquent enlargement of the thyroid
gland.  In fact, he assigned to one of his assistants
the problem of investigating the chennistry of the
thyroid gland, to sce whether or not it contuined
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unusual amounts of jodine. The assistant, y,. . |
inadequate methods of biologic iodine w ‘
available at that time, failed to find iodine a1 ..

missed making a discovery of fundamentay |

cance. Sometime later, Kraske, for whipy

Kraske operation was named, at that time <,

of surgery at the University of Freiburg, acl.

of his colleagues to make a similar investi, .

Emil Baumann (5) succeeded, and detnonstyqy, -

1895 that there were guantitics of iodine Withis
human thyroid gland.  As final proof Baumuyy:-
tually isolated and demonstrated jodine befor, -
of his scientific socicties, in its characteristic +
vapor form, in tubes, The significance of S
major contribution .was widcly appreciated,

There consequently ensued a widespread rer, o,
of interest in the interdependence of iodine ang -
thyroid gland. Again iodine was used preventis.
in the treatment of goiter, David Marine (T
his associates obtained significant results in 1917 .-
Akron, Ohio, by administering small amounts -
iodide to schoolgirls. Other investigators in i
countries were likewise successful.

Several earlier studies had resulted in the surp:, .
that the thyroid gland actually takes up ioii--
and fashions it into a hormone, and that proti
the thyroid hormone actually contained ic::
These researches were carried to their logical ¢
summftion by Kendall (7), who actually v
quantities of beef thyroids in isolating in 1914 .
small amount of crystalline substance. After i
sequent extensive chemical investigation he c.: -
this substance thyroxine and designated it us 1.
secretion of the thyroid gland. Kendall’s thyrowe.
contained 65% iodine. With his associates he .-
tempted the formula of thyroxine but was un::.
cessful. As a consequence he could only isolatv =
by extraction from the thyroid gland and was n~
able to synthesize it.

Harington and Barger working in Londoen s
certain discrepancies in the given chemical compe
tion (8). As a consequence they first isolated <
ficient quantities of pure thyroxine, using meth.
giving a considerably greater yield, and then dei.-
mined its true chemical structure. Working fr
this formula they were actually able to synthes
the hormone of the thyroid gland outside of
animal body.

NEED OF AN ADEQUATE MICROMETHU

It thus became clear that, in order to study furt’ -
the metabolism of jodine in the human body. !
chemical micromethods must be developed, so
curate that they would determine quantitatively ©
minute amounts of jodine ordinarily present !
logically.  True, the amount of iodine i the ths:.
gland was high. On the other hand, the amou
normally present within the ingesta, within ©
bleod, the living tissues and cxeretn was 1-°
minute. Chatin had learned this in his carlice «-
tensive studics. .

The thyroid iodine was reudily determiined
employment of the older, courser methods, ovive ™
its relatively high concentration (31). Thisdii:®
hold, however, for the blood and  tissues. 1
had originadly separated and determined the i -
preseut in sponges, by ashing the organic mate: -
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o principle of his method hus been widely fol-
Lol For many years methods were devised for
-« determination of the jodine content of ordinary
s, None of these, however, was sufficiently
tieate cven {0 deteet the minute amount of jodine
- ent within the quantitics of human blood ordi-
sily used for chemieal analysis.

' ﬂ{us, advancing investigation into the details
¢ fman jodine metaholism created an acute de-
" for an adequate biologic micromethod. In
-»2 Theodore vorn Tellenberg, chemist to the Swiss
, wernment, developed such a procedure (9).  This
.nsll determine one ten-thousandth of onc milli-
-am? (0.0001 mg.) or onc three hundred-millionth
"! . ounce of iodine. Facilitics were thus avail-
13 to comumence an extensive investigation of io-
‘me as it occurs in nature, and particularly in its
.lation to man,

HUMAN REQUIREMENT OF 10DINE a7

The quantity of iodine necessary to answer the
JAuily needs of the human body should be sufficient
i meet the daily losses by excretion, as well as main-
. iin within the body such rescrves as may be re-
quired in the manufacture and distribution of an
.dequate supply of thyroid hormone. The amount
f iodine intake, however, and particularly in certain
geographic regions, is not always equal to the phys-
wlogic needs. This is in contrast with the organ-
m’s chlorine requirement, which is more readily
met because of the association of this clement with
the sensation of taste.

The fundamental question thus arises: Iow
much supplemental jodine is necessary in those
regions in which goiter is prevalent, in order to pro-
wect the populace from the effects of iodine defi-
viency? Thus far, three methods have been de-
veloped in attempts 1o answer this question.

By the geographic method the iodine intake of the
inhabitants of goiter-free arcas is determined and
compared with that of arcas of varying degrecs of

10.001 mg. is designated a'microgram, or oftena gamma.
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goiter incidence. The difference in the amount of
average iodine intake is then regarded as the amount
of supplemental iodine required.  According to von
Fellenberg’s reckoning the annual jodine intake iu
one goitrous and onc practically goiter-free arca in
Switzerland was 4.7 and 11.4 mng., respectively (9).
Calculating from this, the fodine requiremcnt would
be in the neighborhood of 30 ug. daily, a figurc now
regarded as extraordinarily low. Estimating on the
basis of determinations of the average daily urinary
loss of iodine, whicll is an unusually accurate baron-
eter of the iodine intuke of a given area, the daily
iodine requirement would lic somewhere between
100 and 200 ug. (10, 15) (Table I).

The principle of thyroxine formation and decay
was originally outlined by Plummer and Boothby
(11) and subsequently developed by Thompson
(12). Plummer and Boothby observed that the
daily rate of thyroxine decay ranged hetwecn 200
and 400 pg. Thus, a daily supply of thyroxine in
this quantity maintained a normal basal metabolic
rate in a “totally myxedematous patient.” Thomp-
son and his group concluded that from 300 to 400
ug. of thyroxine was necessary to maintain a normal
basal metabolic rate in myxcdematous patients at
bed rest. On the basis of these results the amount
of thyroxine supplied daily to the circulation by the
thyroid gland, in order to maintain normal meta-
bolic activity, is equivalent to from-130 to 260 xg.
of iodine. The uncertain factor here, however, is
that iodine-containing end products of thyroxine
decay may be retained and eventually re-utilized
by the thyroid gland in the further synthesis of
thyroid hormone.

Studies of the fotal fodine balance (Figs. 1, 2, 3
and Tables IT and IIT) constitute the third principle
which has been employed. The iodine balance
represents the daily amount of iodine lost or retained
by the body, as ascertained by the difference be-
tween the amount of iodine intake and excretion
(Fig. 1). Pioncer deterininations of iodine balance
were accomplished by von Fellenberg (9), who re-
ported low values and consequently a low daily
requirement. The balance studies of Scheffer (13)

TABLE 1°.—THE NorMAL DALy HuMaN URINARY JODINE EXCRETION
IN Various GEOGRAPHIC REGIONS (10)

.

Range in Daily Av. Daily
Urinary Jodine Urinary Iodine

. i Excretion, Excretion,

seographic Region Investigator ug. HE-.
Nongoitrogenic Regions
Danzig Liek 200-590 343
Herlin, Germany Scheringer (17 women) 66-389 141
. 7 men) 103-214 173
Vik-i-Sogne, Norway v. Fellenberg 094-240 146
New Orleans, La. Moore? 60-270 117
Forte dei Marnii, Italy v. Fellenberg 30-140 72
Av. normal 24-hr. urinary iodine (in five “goitcer-free” regions) 165
Goitrogenic Regions

l-:ﬂ'mgcn, Switzerland v. Fellenberg 28-108 64
Columnbus, Ohio The aunthors 7-196 51
Sandsvaer, Norway Lunde G- 83 - 38
’..\'."ow, Poland Elmer and Scheps 34— 40 36
ccs, Hungary Schefier 21- 33 27
Av. normal 24-hir, urinary iodine (in five goitrogenic regions) 42

9 . 1% . - N ..
Note the great variability in the duily urinary loss; however, the diminished average excretion in the goitrogenic re-

giany,

¥ We nre indebted to Margaret C. Moore, of New Orleans, La, for permission to include these datu.
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TanLe 11 - Tiur Human TomNE BALancE During PREGNANCY
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——e— Jodine -

—— Blood

P Qutput-——- —amemmy Iodine,
Datc Weight, Urine, Feces, Sweat, Total, Intake, Balance, BE. BMR,

Perivd  Started Kg. R pg. 3 ng. K. Hg. Date Yo % Re:. ..
1 2.13.37 64.5 163 28 . 25 216 104 —110  2-12.37 7.4 T Crieey ’
2-15-37 5.9 +8 .
. ...

14 2-16-37 6.1 194 18 31 .243 103 —~138 2.17-37 10.9 +5

Il 2-10.37 064.5 166 32 18 216 77 —139 2.22-37 5.6 +3

¢ Woman of 26, pregnant cighth month; dictary intake 2,170 calories with 49 Gm. of protein (14). Nolc-gi;‘-}, .

balance on a low jodine intake.

made in Pecs, Hungary, revealed that 54 ug. of
daily iodine intake was sufficient to maintain the
iodine balance in & normal person.

Ohio State University studies (Figs. 1, 2, 3 and
Tables 11 and ITI) were made on normal persons
maintained at bed rest on a monotonous diet low in
jodine content, under controlled hospital conditions
(14). Under these circumstances the basel human
adult iodine requirement was found to range from
44 to 75 pg. daily and to average 67 ug., or approxi-
mately 1 ug./Kg. of body weight. This average
daily requirement is comparable to that determined
by Scheffer (13). However, it should be emphasized
that it applics to adults maintained under controlled
basal conditions. Morcover, to arrive at an opti-
ma! iodine requirement, it is necessary to take into
account individual activity as well as the varied
stress and strain of existence (16).

After consideration of the difference in-iodine in-
take betwcen goitrogenous and nongoitrogenous
regions (Table I) and the amount of iodine esti-
mated as necessary to maintain normal metabolic
activity, 2 ug. daily per Kg. of body weight, to-
gether with the daily basal requirement of 1 KE.,
can be reasonably justificd as an amount sufficient to
account for basal needs, those of ordinary activities,
and also some for reserve. The optimal daily re-
quirement would thus be soniewhere near 200 ug.
for an adult of 70 Kg., a value compatible with El-
mer’s deduction from various investigations that
the human optimal requirement ranges between 100
and 200 ug. daily (16). The pregnant woman
should receive additional iodine (Table II). A suf-
ficient amount will be supplied by the daily use of
iodized salt (17).

Various methods of supplying supplemental iodine
to the inhabitants of iodine-deficient areas have been
advanced. These include the use of foods known to

be rich in jodine, iodinization of water supplio
ministration of jodine at regular interval, i, .
form of solutions or tablets, the gencral ;.-
iodized salt, and the consumption of iodizc! ..
(Fig. 2).

The use of jodized salt has thus far proved -
most widely adopted method. The nearly uuiy.
employment of common salt for seasoning and ¢.. ;
ing, as well as the ready preparation and low ¢on,
iodized solt, makes this the popular method 1>
use of milk with an increased iodine content has . .
been suggested as suitable, especially for chit!. .
who ordinarily consume large quantities. Effc.r...
iodine prophylaxis should conform to local vos
tions, since no single method will reach all th..
persons who need ijodine.

The iodized salt originally recommended in O
by the Michigan State Medical Society in conju-.
tion with the State Board of Health, and ..
quently employed in Michigan with such outst.::
ing results, originally contained 0.02% of wnin:
iodide (17). However, after careful considerat;...
the Goiter Study Committee of the American Pu'..-.
Health Association reached the conclusion thut t*
addition of 0.01% of potassium iodide plus @ st
bilizer should be sufficient. The importance of -
stabilizer was emphasized in view of previous ¢+
perience that iodine may be lost from iodized <.
and thus impart a yellowness and a halogen o1«
on liberation of elemental iodine.

It has been estimated that the average adult ©
gests about 6.2 Gm. of salt daily. Calculatod
this basis, the approximate amount of pot.assiue
iodide intake would he 620 #£., which is equiv.t::
to about 474 ug. of iodine. This is more than tv
the amount we have suggested as optimal and wes
amply provide a person with a sufficient row1s-
(7).

TABLE ITI“.—TuE I0DINE BALANCE IN 1):4EASES OF THE THYRO1D GLAND

(A Comparison of the Todine Balance of Normal Individuals with that of Nodular and IEExophthal-

Goiter Patients)

Intake Bl

rg?. In- Averuge I\J‘“l‘:'l()ll,l‘ Average Outynt per 3-Day Period 3—1;;:)' 3-x1 B
Type of Pu- vesti- BMR, lodine  Usine,  Feces, Sweat, Total, Period, " Pero:
Goiter Present tieuts gation Y% ug. ug. HE. RBE. HE. ma IS
1. None-normal
controls 3 24 Minus 7 4.3 154 31 28 213 &7 — I
2. Nontoxic nodular 2 18 Minus & 3.0 120 31 20 180 74 '
3. Toxic nodular 2 15 Plus 28 8.5 323 1149 3K 510 117
4, Exophthalmic 3 353 Plus 40 9.0 204 161 46 14 86

¢ Note the increased negative bulance in patients with hyperth yroidism, ulso the increased BMR and Dlood jodine b
o 1] 1

(4.
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IHE CIRCULATING TIHYROID HORMONE

Anothet problem in which an adequate micro-
sacthod of determining biologic iodine has proved
§ real clinical value is in the estimation of the
qount of circulating, iodine-containing, thyroid
ormotie.  The nature and amount of the blood
ptine has thus hecome a usclul clinieal index of
thyroid function. Thus, in paticnts with toxic
Lodular and exophthahnic goiter, the whole-blood
axline (18), along with the basal metabolic rate
(19), as well as the excretory iodine (15), are signifi-
cantly higher than normal (Table 1IT). 1t is im-
portant 10 know how much of this blood iodine is
Jdircetly resultant to the intake iodine of nutrition
Table 1I), to the various diagnostic procedures
which may have been applied and to any previous
therapy; as well as how much is dependent on the
Jdaily formation of thyroid hormone and its break-
down products. As a censequerlce, various frac-
tionation methods have been devised to determine
which portion of the blood iodine most nearly coin-
cides with the “circulating thyroid hormone.”” One
of the early problems encountered was to separate
the iodine hound to the proteins of the blood from
the more soluble “inorganic” fraction. Even more
precise steps of delineation have been developed
by Salter. Nevertheless, with the simpler clinical
methods now available (29), the differential diagno-
«is of thyroid discase has become more precise: Itis
now possible actually to differentiate Liyperthyroid-
© jsm from hypermetabolism‘(BO).

After an extensive series of studies, it became evi-
dent that in central Ohio the average normal basal
metabolic rate was minus § = 8% (19) and the
corresponding whole-blood iodine 42 =+ 1.2 ug. %%-
The average normal protein-hound iodine of whole-
blood (acetone-insoluble) was 0.9 =% 0.2 ug. % (20).
This fraction is significantly decreased in patients
with hypothyroidism (20). Helpful clinical progress
has recently been made in recognizing the early de-
velopment of hyperthyroidism by correlating the pro-
tein-bound blood iodine with the hasal inctabolic rate
as well as the symptoms ordinarily suggestive of hy-
perthyroidism (30).

Thus, in 178 patients with uncomplicated non-
toxic nodular goiter, it was found that the protein-
bound blood iodine increascs progressively from
0.51 ug. % in those with basal metabolic rates below
minus 21% to 1.32 pg. % in those exhibiting basal
metabolic rates above plus 11% (21). A signifi-
cant lncar relation between the basal metabolic
rate and the protein-hound blood iodine was thus
established in uncomplicated instances of this di-
sease. Moreover, of the 66.87% of these patients
exhibiting hyperthyroid-like symptoms, 809, had
clevations of the PBI? and only 47%, elevation of
the BMR, thus demonstrating that the protein-
bound blood iodine is a hetter index of thyroid func-
tion than the basal metabolic rate alone (21, 22).
However, both taken together are most helpful to
the clinician.

The protein-hound hlood jodine has thus hecome
an important aid in the differentizl diagnosis of those
(liscuscs which may mimic hyperth yroidisin.  These
include hypertension, organic heart disease, “netro-
dirculatory asthenis,” anxiety state, psychoneuroses,

t The protein-bound hlood jodine.
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Fig. 1.—Normal iodine balance. Note that the
intake is purposely kept low; the urinary excretion
is high and the balance consequently negative (14).

neoplastic diseases, and certain endocrine disturb-
ances, such as acromegaly and the adreno-cortical
syndromes. In hyperthyre™ ism, the protein-bound’
blood jodine is increased; however, in the nonhyper-
thyroid hypermetabolic states the protein-bound
blood iodine is normal or may be even subnormal
unless hyperthyroidism is also present (30).

RADIOACTIVE I0DINE

Within the decade preceding the development of
“atoms” to be used for destruction, iodinc, and few
clements even before it, had Dbeen going “‘atomic,”
yet with a scientific intent then purely constructive.
Thus, it had been found that these radioactive or
“tagged” atons could be employed to determine the
wltimate fate of ingested substances in the body, as
well as their intermediate history of absorption,
distribution, synthesis, and eventual excretion.
Prior to the use of these “radioaclive isotopes”’
there was no method available for differentiating
the jodine taken during a given experiment from
that already present in the human body and par-
ticularly in the thyroid gland. Radiouctive jodine,
in the truly minute quantities in which it could be
employed, lent itself readily to the determination of
the fate of intake iodine as well as to the process of
the sncceeding  cndogenous jodine metabolism.
Studies using radioactive iodine (1'3) soon denton-
strated that jodine was quickly brought to the
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Fig. 2—The effect of increased iodine intake on the jodine balance. Note
the negative balance on a low intake and the storage resultant to adding supple-
mental iodine (14).

thyroid gland by the blood stream and there rapidly An investigation of the metabolism of radivact:
converted by the thyroid cells into diiodotyrosine jodine used as a “tracer” in studying six nod
and eventually thyroxiue, the thyroid hormone (Fig.  goiters revealed that the nodular formations, -
5), moreover, that within a matter of a few hours particularly one nodule of a fetal adenomwat:
these organic iodine compounds returned to thecircu-  type, were less active in their uptake than the =
lation (23-25). rounding thyroid tissue (24) (Fig. §). Thi~ »»
From a consideration of normal thyroid activity, demoustrated by the lesser ijodine content in *e
using the “tracer” method, was but a step to a more  nodules than in the paranodular tissues, 2 &"" '
penetrating investigation of iodine metabolism in  radioiodine fixation and a slower turnover of imi
thyroid disease. ‘“‘Labeled” iodine, usually I'$!, was  Moreover, the formation of thyroxine, isotated t“_“ h
used to study the pathologic thyroids of experimen-  jeally and determined by the “tracer” techuis -
tal animals, Subsequently the metabolism of  wascomparativelyslightin the nodular tissuc(Fs -
radioiodine in human thyroids, later removed at  These studies were conducted chicfly on nont:'*
operation, was followed, particularly by “awufo- nodulur goiters. A study of toxic nodular £
graphs” (26, 28) (Fig. 5). revealed that the paranodular tissue rather 82
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Fig. 3.—Iodine excretion continues during starvation. Note the increased fecal
loss during the recovery period (14).

the nodules themselves forms the greater part of the
“toxic' secretion (32).

The behavior of the nodular activity revealed
that local factors by themsclves may affect the
iline metabolism within the thyroid ghind. 1In
a’uldition, other influences were demonstrated.
Thus, a high level of the blood jodine “saturating”
the gland with iodine may result in an increased
storage of thyroxine iuside the colloid (24). More-
over, that so-important pitnitary factor-—the thyro-
tropic hormone—when cxcessive or deficient, may
activate or slow down the iodine turnover (25).  The
specific activity of the diiodotyrosine fraction has
Leen found intermediary between that in the inor-
Kanic fraction and that in thyroxine, at least during
the first forty-cight hours, thus possibly indicating
that thyroxine is synthesized more slowly than di-
indotyrosine, its presumable precursor (24).

The histologic mcthod, or “antograph’ techiique,
by utilizing the radiation cffect of radiouctive todine

on the photographic plate has made it possible to
trace sysicmatically the various states of the deposi-
tion of iodine in the thyroid cell. A comparison of
the chemical, biophysical, and histologic results
reveals that radioiodine passes through the cellular
epithelium of the thyroid follicles rather rapidly, to
be stored eventually as dilodotyrosine and thyroxine
within the thyroid colloid.

A preferential distribution of radioactive iodine
has been demonstrated in the colloid of normal rats
(26), as well as in pituitary-treated and hypophy-
sectomized animals (27). It can now be similarly
demonstrated in the human thyroid gland, from
studies made on surgically removed goiters.  Micro-
scopic sections of the diffuse hyperplastic goiter of
Gruves' disease removed fifteen hours after the
administration of radioiodine demonstrate  thiz
clearly (28) (¥ig. 6). The storage of radicielive
within the colloid is noteworthy. The radioiodine
has actually photographed itself, & manifestation of



486 JOURNAL oF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. X[, +» -

L4 I v
3
C.5 #355691, male, age 34 E.S5. ¥336247, male,age 28 |
Normal: Non-constant regimen Normal:Constant regimen
0-.
N A .
_6—
§ ] ‘\/"——. \ \
-2 f
g
i% 18 ———— .
s 59 —— |
3 o0 :
. 1500 E@ 15 #Urinary Volume A N, - :
Fow00] § 0] SN/ / R N
§$ u - N *
$ o] § 57
& o S 0
& 20
5 100
X
3 ¥
R
g\ 60:
§ 409
£ w0
a -4

[~}

Days of Observation

Fig. 4.—The urinary iodineloss. Note the variability on an ordinary diet (C.S.) and the
constancy (E.S.) on a monotonqus diet (15).

the atomic energy of 1'%, It is localized within goiters, should prove even more revealing, Spux
the colloid, its passage through the cell was only nodosa lrabecularis is e.mbr.yomc in character, .
transient (Fig. 6). ' quite cellular as well, with little or no colloid f+v. .

A similar study was made of a diffuse colloid tion. It shoul.d, thg.refose. 'takg up but a mini:»
goiter (Fig. 5). Again, in any given section, the amount of iodine, since iodine is stored esscntj.:«
radioiodine localizes preferentially within the colloid  within the colloid. Qn the other hand, with str.~
(28). Further comparative study of the different nodosa microfollicularis one should usually obtii
types, as well as the different parts of nodular significant “autograph.”

Rapio-100iNe(13!) FracTioNaTIONS OF Gortrous THYROIDS
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I*‘fg. 5.-—The use of radioiodine as a “tracer.”  Note the vur‘i:lhilily of hormone formation in the
different types of goiter (32).
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Fig. 6.~ The “autograph” effect of radiotodine.

The use of radioiodine, usually 113!, as a *“‘tracer”
under these conditions of varying thyroid disease
demonstrates the rate of iodine storage within the
thyroid, its rate of synthesis into dilodotyrosine
_and cventually thyroxine, as well as the subsequent
mobilization, circulation, and elimination of these
whbstances and their iodine-containing by-products.
its use as an “‘autograph” enables a “‘follow-up”
of its quantitative distribution into the various
tissues. Radioiodine has more recently taken its
place in the therapeutic management of certain
forms of thyroid disease and particularly thyroid
cancer. Thus, as iodine goes “atomic,” our horizons
widen, our facilities for learning become greatly aug-
mented, new facts result in new ideas, and our hope
for progress in the control of disease is again stimu-
lated,

This autograph (Fig. 6) is prophetic. Bichat
demonstrated the significance of the microscopic
structure of the various tissues. And Virchow
taught us the significance of those changes whicli
tuke place when disease enters and changes the
sormal histologic picturc., Yet here we see the
beginning of new microscopic science, demonstrated
by "‘autographs,” which clearly is to follow. For
in this we will learn more of histochemistry and the
distribution of the various chemical substances so
important to human metabolic processes, within
the living cells and tissues.
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ALTERATIONS IN SERUM IODINE FRACTIONS
DURING THE ADMINISTRATION OF
POTASSIUM IODIDE¢

T. 8. Daxowski, M.D. axp Jeax H. GREENMAN, M.S.

From the Department of Rescarch Medicine, the Children’s and Preshyterian Hospitals,
and the Renzichausen Foundation, Unirersity of Pitt«burgh, Pittsburgh, Pa.

HE iodine of plasma or of serum in healthy subjects is present largely

in a protein-hound form, and only partly as an inorganie iodide (1, 2).
The former fraction consists in turn chiefly of thyroxine associated with "
the serum or plasma proteins (3). It has been shown that in hiealth, with an
intake of inorganic iodide limited to that ordinarily present in the diet, the
protein-bound or the precipitablejodine of plasma or serum remains quite
constant (4). Morcover, it is clear from data on patients with disorders of
the thyroid that alterations in the rate of production and release of hor-
mone from the gland induce measurable changes in the level of the protein-
bound iodine of serum. Thus in thyroid overagtivity the value of this
fraction exeeeds with great regularity 7.5 or 8,0 gamma per cent, the upper
limit encountered in the euthyroid state, using the methods of either Man
and Riggs, or of Barker (3, 6, 7). Similarly, with decreasing thyroid func-
tion, the concentration of this iodine moiet y inscrum falls below 4.0 gamma
per cent (8). Thix excellent correlation between elinieal and other evidences
of the level of thyroid funetion and the protein-hound jodine is all the more
remarkable when it is recalled that the plasma merely serves as a trans- -
portation route for the hormone, and insofar as is known, does not itself
participate in the metabolism of the thyroid hormone.

Under certain circumstances, however, the protein-hound iodine level
may he misleading ax an index of thyroid activity. As might he expected,
falze high values oceur in patients who have received organic iodine com-
pounds such as those used in evaluating the biliary, renal, or pulmonary
systems (9). The methods available at this time do not differentiate ho-
tween these substanees and the hormone elaborated by the thyroid gland.
Furthermore, it ix not surprising to find that in certain hypoproteinemic
states low protein-bound jodine values are encountered, since the thyroid
hormone in the circulation is associated with serum proteins (10). In
neither instance ix the abnormal coneentration indicative of thyroid dys-
function. Finally, it is known that pregnaney is frequently accompanied
by increased concentrations of protein-bound iodine, usually without
clinical or other evidences of hyperthyroidixm an.

1 Read at the Aunual Mecting of t.ix(r American Goiter Associntion, Madison, Wise
consin, May 26, 1949, :
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Noxnel]nejcsa, even when these limitations are taken into accoupt the
level of protein-bound iodine of serum remains a remarkably valid index of
thyroid activity. It has been the purpose of the studies being reported to

- you to =eck factors, heretofore unidentified, which produce alterations in

the serum jodine fractions. Particular emphasis has been placed on the
cffects of an increased intake of inorganic iodide on the levels of the protein-
hound and of the thyroxine iodine.

Variations induced by potassiwm iodide in moderale doses.

Certain studies of Taurog and Chaikoff are of particular interest to us
hecause rises in thyroidal jodine and thyroxine produced by feeding potas-
sium jodide to rats were associated with a slight, but probably definite, -
increase” in the level of protein-bound iodine in serum (12). The small
measure of uncertainly on our part in accepting these higher values in
plasma ax indicative of unequivocal inereases is based on the limited num-
ber of washings, usually two or three, used in removing inorganic iodide
mixed in with the precipitated serum. Obviously, if this separation were
incomplete, a false high value for the serum or plasma protein-bound
iodine would be obtained.

We have studied certain aspeets of this s:lm:.:prol)lom in human subjects.
Four healthy male adults have heen given a daily supplement of potassium
iodide, 0.2 ce. of a saturated solution, Iater increased to 0.4 ce., in addition
to any iodide present in a complete diet. Measurements of the protein-
hound iadine at the end of two weeks failed to show any significant change
from the pretreatment values. Two weeks later, however, with cither the
same or a doubled dose of potassium iodide a distinet inerease was evident
in all subjeets. In 2 of the experiments, levels ordinarily associated with
hyperthyroidism, f.e., 7.5 to 8.0 gamma per cent or higher, were reached.
These changes are all the more striking when it ix recalled that in healthy
adultx the average variation of the protein-hound iodine is less than 1
gamma per cent when determined at weekly intervals (4). Preliminary
data hased on butanol and NaOT-N:.CO; treatment of scrum (13 -13) are
available in (wo of these experiments. These are hardly conclusive in view
of the limited number of observations but they do suggest that, with the

“administration of inovganie jodide, the level of cireulating thyroxine does

not rise. Thix ehange in protein-bound or serum precipitable iodine, though
small, must represent an clevation in the nonthyroxine fraction. This does
not represent a false rise due to incomplete removal of free jodide or iodine.
We have employed a minimum of 6 washings for sera obtained during
periods without added intake of jodide, and 14 separate washings with
double distilled water whenever the subjeets had reccived jodide, That the
ralues obtained after 14 washings indeed indieate protein-bound iodine
and not a combination of inorganic iodide and protein-bound jodine is
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clearly demonstrated by the highly satisfuctory agreement between dup-
licate or triplicate aliquots of xerum washed 14 and 18 times respectively.
It is evident from these data that the additional 4 washings fail to affect
significantly the level of protein-hound iodine and hence indicate that the
iodide is present in an organic combination.

Efects of massive doses of inorganic fodide

In view of these suggestive but not conclusive changes in protcin-hound
iodine of serum observed during administration of a moderate dose of
potassium jodide, it should be of inferest to deseribe the serum jodine frac-
tions during periods characterized by a much greater intake of inorganie
iodide. In these studies 5 hoxpitalized patients, 3 female and 2 male, re-
ceived up to 3.0 grams of potgssium iodide or as much as 7.0 ce. of jodide
solution daily during intervals ranging in length up to five months.

Patient E, K., a 50-year-old female office clerk, il with hiliary cirrhosis, was found to
have a protein-bound or serum precipitable jodine level of 5.7 gamma per cent, At this |
time a moderate hy poalbuminemia was present, with an clevation of the glohulin con-
centration. Clinieally the patient appoared cuthyroid in that she was not hyperkinetie,
the pulse rate was Joss than 70, and no stigmata of thyraid disorder were evident. Po-
tassium jodide was then started by wmouth, 2.0 grams daily being given in divided
doses. Within severs) days thix intake was inereased to 3.0 grams, and maintained at
thix level for twelve weeks, ending nine dayxs before the patient's death in liepatic coma,
Measurenent of the protein-houmi fodine at intervals of severnl weeks revealed a pro-
gressive rise, with a recorded maximum of 31.8 gamma per cent, a value considerahly
in excess of the upper limits of the euthyroid state, and indecd, higher Uian most in-
stunces of flambayant hyperthyroidism, As might he predicted, the total iodine during
such dosage of KI wax tremendously elevated, reaching values as high as 11,000 gamma
per cent. Despite those high levels of eireulating protein-hound iodine there Were no evi-
dences of hypermetabolism, The resting pulse rate only sporadieally excecded SO per
minute and the MR, vacillated but slightly and probably not sighiticantly from the
pre-KI treatiment range of +29 qinl 125 per cent. The weight loss ohseryved dwring this
period and the fall in the serum cholesterol ean he evaluated only tentatively. The pa-
tient had ascites and ate poarly throughout the experimental period. Henee the weight
loxs which oceurrad is expheable without postulation of hyperthyroidism, Similarly it
seems equally reasonable to suggest that the drop in serum eholestorol cun be attributed
in part to the rapidly advaneing hiepatic disoase (16). Examination of the thyroid gland
Post morten revealed euboidal epithelium and follicles filled with well-stained colluid,

Paticut M. M. A studysimilar to the above was comducted on a 51-yeir-old housewife
hospitalized with uephrotic syndrome. Potassinm iodide was sturted in o dose of 1.0
gram duily by mouth, This wmmount wax yapidly Tereased until the total daily intake
reached 3.0 grams; she was then maintained on this dozage during 1 total of four months,
Axin the previous patient, the total jodine levels mensured at jnfervals were tremen-
dously clevated. It js improbable thig any significance can he attached to the vuriations
in this fraction not anly beenuse of the errors inherent in determinations of suel high
values, but also heegyse unavoidable chunges oevipred in (he interval, usually twenty-
four hours or less, hetween withdenwal of a Blood sample and the Inst intake of K[
Thix would alwiovusly affeet the total fodine levels (17). On the other hand, a mther con-
sistent trend of values was abtained in the determibntions of protein-hound jodine, The
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initial level was low, 3.0 gmn per cent, presumably related to the pronounced hypo-
albuminemia which was present as u part of the nephrotic syndrome. With the con-
tinued intake of KI & progressive rise in the protein-hound iodine oceurred, pussing
through the euthyroil runge uml reaching a maximum of 14.5 gamma per cent. At this
point, some two months after the beginning of treatment, a plateau was reached and
maintained, with only slight fluctuations, until the administration of inorganic iodide
was discontinued. Less than one week later the total iodine was diminizhed to 195
gwimma per cent, without any significant drop in the protein-bound fraction. The
thyroxine imline level at thix time was 2.8 gamma per cent. One aud one-half months
following withdrawal of the K1, the total iodine was 5.5 and the protein-bound 3.3 ganma
per eent. Despite these mnrked and persistent inereases in the total and the protein-
bound jodine, this patient did not develop any symptoms or gigns of hyperthyroidism.
As n matter of fact, hradyeardia appeared during the course of the experiment, but this
occurred coincident with changes in the cleetroeardiogram indicative of a myocardial
infaretion involving the conduction system. The B.LR. ranged between +2 and =15
per cent throughout the period of olservation: again if any trend were present it was -
toward a deerease. It ix true that the puatient lost body weight and that the cholesterol
values were ut their lowest toward the end of the period of jodide administration. The
weight loss representerd, however, defivery of edema fluid. Nitrogen studies during this
period indicated the existence of equilibrinm. or a positive balance (18). The decrease
in the cholesterol level coincided with improvement in the nephrotie syndrome charac-
terized hy diminished proteinuria and a rising xerunwalbumin eoncentration. It seems
more reasonable therefore to ascribe the body weight changes and lipid Ructuations to
alterations in the patient’s primary disease rather than to thyrotosic symptoms pro-
duced by high levels of cither inorganic or protein-hound jodide, Whether or not the
jadide regimen favorably mwdified the course of this patient’s discase eannot be an-
swered unequivoenlly. It is more likely, however, that her improvement was cither
spontancous, or related to bed rest and alimost complete sadium restrietion.

Patient L. T., a 59-year-old Negress. had heen given potassium iodide in the treat-
wment of gummatous syphilis some three months prior to the first seram jodine studies.
Henee no pretreatment. duta are available, However, after receiving 4.0 and subscequently
7.0 ce. of saturated solution of KI daily during a period of three months, in addition to
two intravenous injeetions of sodium jwlide, the protein-bound jodine was found to he
211 gamma per cent. It remained at approximately this level during the renining seven
weeks of KI therapy, reminiseent of the platean observel in the previous 2 patients,
The total jodine was markedly elevated as well during this period. Following with-
drawal of the fnorganie iodide these two fractions declined progressively. Tliyroxine
levels ten days aml twenty-five days after the end of the inorganic imline regimen were
4.9 and 6.4 gamma per cent respeetively, At these times the protein-hound imline values
were <till elevated considerably above the cuthyroid range, and henee the rise in the
protein-hound jodine had oceurred iy the non-thyroxine fraction. Clinieally the patient’s
status was not pereeptibly altered insofar as thyreid size and peripheral evidences of ita
activity were concerned. The weight fuctuated anly slightly. Also, if any trend were
present in the BALR. and pulse variations, it was toward decreased rather than in-
ereised values during the time when the protein-hound jodine was greatly elevated.

Patient S, DL, w0 Abeyenr-obd tailor with pulmonasy fibrosis, polyeythemia, and heart
failare had heen taking 3.0 ce. of saturated solution of potassium jodide daily for six
months when the protein-hound iodine in his scrum wis mensured for the first time and
found to he markedly elevated. Pretreatnent valuesare, therefore, not available, hut there
is nothimg in the history to suggest that this pationt hadd any thyroid disorder prior to the
admini=tration of inorganie jodide. When the intake of KT was discontinued the pro-
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tein-bound jodine deelined progressively, und with moderate rapidity, to the cuthyroid
range, and subwequently even fell to hypothyroid levels—2.4 gamma per cent. The
validity of thix observation was rupported by a confirmatory low protein-hound iadine
conecentration obtained four weeke later, Since then, this fruction of serum jodine has
again risen to cuthyroid limits. No evidence of thyrutoxicosis was detected. AMaximal
improvement in the cardine status occurred coincidentally with the low protein-bound
iadine levels, P

Patient A, S. Thix t4-year-old male factory worker, five weeks carlier, had been given
potassium iovdide in treatment of bronchieetasis and pulmonury insufficiency. The pro-

tein-hound iodine had increaxed to 14.4 gamma per cent after four weeks of jodide ther-

apy. Thix was unassocinted with any discernible change in the patient’s clinical status;
the pulse rate did not rike und the body weight remained constant.

DISCUSSION . .

The studies which have been presented indicate clearly that an in vive
iodination of the serum proteins occurs during the continued administra-
tion of moderate to huge doses of potassium jodide by mouth. The re-
peated washings of the precipitated serum, and the progressive rise and
subsequent fall of the serum precipitable or protein-hound iodide following
institution and withdrawal, respeetively, of the iodide therapy argue
strongly against the production of false high vylues as a result of incom-
plete removal of inorganic jodide. The plateau phenomenon observed, sug-
gest= a saturation of the protein molecule with continued exposure to in-
organie iodide. Preliminary observations indicate that, as in other studies,
most of the iodine was bound to albumin (15, 18). They differ-in that,
despite the extensive iodination of protein which took, place, no ealorigenie
material resembling thyroxine was formed (19). This point of view is
supported not only by the failure to observe hypermetabolism clinically
but alxo by the results of the butyl aleohol-alkali separation, As a matter
of fact if any alteration did develop in the elinical status of the paticnts
it wax toward a decrease in metabolic activity. This possibility together
with the finding in 1 of our patients of an abnormally low level of protein-
bound and henee necessarily of thyroxine jodine after withdrawal of
potassium iodide does suggest that this iedine-profein complex may have
suppressed thyroid hormone produetion by inhibiting thyrotropic seere-
tion. Thix can remain only a speculation in view of the fact that the finding
wax limited to one patient.

Itis of interest that similar clevations of protein-hound iodine have been

-observed by Dvoskin and by Barker, and their respeetive co-workers,
following subeutancous injections of clemental jodine (20-22). Their
studies suggest that the iodination of protein oceurred at the ihjection site.
Thix does not help indentify the site of fodination in our studies in which
jodide was given only by mouth.

SUMMARY
The administration of inorganice jodide in moderate and in massive doses
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to human subjects increases the total and the protein-bound iodine of
serum without evidence of hyperthyroidism.

1.
2.
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PURPURA DUE_ TO IODIDES

wiLL €. DAViS, M.D und THOMAS S, SAUNDERS. MD., POITLAND. Oﬁl., Lot

The cccurrence of purp:mc mamfestatlons followmz the adnumstratm of
m\. ides was recorded in 1877 by Fourmer.{ Other reports were made by Robmson
n 1823,% Milian in 18993 Mackenzie in 1889,¢ Wilson in 1889,5 Hudelo and Lebar

in 1904 ¢ and Dennig in 19337 While cutaneous manifestations from the internal
ase ci lcdides are comemon, and, indeed, often anticipated, we feel that purpuric.
" Yasions zre of sufficient rarity to justify this case report. We consider that purpura
resultiog from iodides is an ominous _sign—if the use of the drug is continued, a
farality might result.. Therefore one must recognize the possibihty that purpura can
be cuusud by the administration of iodides.” In our experience, it occurs so rarely
as to make one suspect ot"xcr causes rathe: than the obkus (lnd true) one.v.;_

3

" zmxr OF CASE s T R .
B. F a 48 year old man, was first seen by one of us (W‘ C D) in November
1644, He complained of severe headaches, progresswe loss of vuxon in- the nzht
sye tud some unsteadiness of gait.. - . N
hysical examination showed a posmve Romberg slgn and dummshed knee
forks and ankle jerks, The heart and lungs were normal. s .
Opht.. Imologic e.vammatxcn showed 20/50 +ision in the left eye and 20/200
sz ia the right eye.” The pupils | were unequal"and d!d 'not react to hght There-
was ~aller of the eptc nerves. . a
The Filmer and Kahno serolo'uc reactions oi the blood were 4 plus. The
Fahn redution of ike spinal fuid was 4 plus; there were 87 cells per cubic milli-;
rieier; the touwl pro*c n level was 80 mg. per hundred cubic centimeters, and the’
eollnidal #2id curve (Lange test) was 011231000, Adiagnosis of tabes dorsahs
1 ry atrephky of the optic nerve) was made. " .~
Cn Nevemwher 123 ths natient was instructed to toke 15 gnnms (l Gm) of
7otn Indide three times daily. This was accompanied with weekly intra-
injections of bismuth subsalicylate (0.2 Gm.). His headzches dummshed
v, and Lis vision rapidly improved. He reported somé soreness in the
glands. This was astributed to the potassium iodide, but he was advised
e "‘!\i"‘-" lt B L S ' P

1. Fourrler, A.: DPetechial Todism, Rev. mens. de méd. et chir. 1:653-664, 1877.
-'v-cn T.: Rar d Producnon of Purpura After Small Doses ox Iodxde
v, Lancet 1:4 893. :
n, G.: Todide PJ:‘;.hrd of the Buccal Mucosa, Presse méd. ..:193, 1899.-
wen~fa, S.¢ Tatal Purpura From lodide of Potassium, Illus. M, News

s Turaura tLIa»:morrhagtca from Iodide of Dotassmm, Brlt.:

<. ¥l and Lehar: Porpurie Icdism v.'xth Prohablc Assocmt:on of Tubercu-
f ‘mgickeratomn Varicty, Bull, Soc. frang. de dermat. ct syph. 18:

c'xrw' H.: Thromboperic Purnhra Following ’V[edxcanon with Iodme,‘
..iir.ch med, Wehnschr. 80:562, 1933, - o -
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DAVIS-SAUNDERS—PURPURA. FROM 10DIDES 645

Cn December 1 definite purpura of the lower extremities was noticed by the
paticut and the physician. No other signs or symptoms were present. Examina-
tion of the blood at this time showed a hemoglobin content of 86 per cent (Sahli),
4,560,000 red cells, 12,400 white cells and 100,000 platelets.

Feeling that the bismuth was responsible for the purpura, we discontinued its

" use and administered oxophenarsine hydrochloride. However, the purpura persisted.
Qur attention was now drawn to the potassium iodide as a possible cause: hence
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Purpuric lesions produced by rcadministratien of potassivm icdide.

it was diccontinued. The purpuric lesions promptly disappeared. Since they
cleared, we have becn able to reproduce the lesion experimentally by a single case -
of 5 grains (0.3 Gm.) of potassium icdide (fiz.). .

CSUMMARY .
A case of purpura from the admiristrition ~f potzesium lodide s repost
Because of I:. omincus import, we fezl thot the passibility of the produstion of
purpura shoull %o Zent in mind whenever S’;:!S;’.cg are used. -

Medical-Dental Building,
Medical Arts Building, -
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PROTEOLYTIC ACTIVITY OF THE THYROID GL:-

ARTHUR J. DZIEMIAN?

Deguriment of Anatowmy, Johns Hopkins University, Baltimor-, Lturgland

The thyroglobulin moleeule is of large size, with a molecular weight
L about 700,000 (Heidelberger and Pedersen, '35), vet ‘it passes rapidly
to and out of the thyroid follicle of the mammal with no apparent
‘nrercellular spaces. Since cell wembranes are not normally permeable
10 such large protein molecenles, and it is not likely that the cells sur-
sounding the thyroid follicle are speecialized in such a way that thyro-
ciobulin will penetrate their membranes, Gersh and Caspersson (’40) '
acgested that enzymes in the thyroid brought about the hydrolysis
~i thyroglobulin into polypeptides or peptones which could rapidly
~ass across the cell membranes. The decomposition produets could
then possibly be reconstituted by enzyme action into a larger molecule.
Lerman and Salter (’36) had already shown that thyroid hormone
could be svnthesized in vitro from extracts of thyroid tissue by the
action of a protease. De Robertis (41) performed semi-quantitative
sxperiments on proteolytic activity of the colloid withdrawn with a
micropipette from individual rat thyvoid follicles. He found that the
activity of this protease could be made to fluctnate by varying the
rhvsiological conditions of the animal.

The present paper concerns experiments performed to determine
variations in the proteolvtic activity of the whoele thyreid tissue in
varions physiological states, using more quantitative methods than
those of De Robertis. Proccedures used to bring about these phy=iologi-
cal ehanges were: feeding with potassium iodide, feeding with sulfa-
enanidine, treatment with thyrotropic pituitary tfactor, and hypophy-
seetomy.

MUTITODS

Thyroid glands of rats or guinea pigs were weighed and mineed
inely. They were thew extracted 24 hours in 10 volumes of GO<¢ glveerol
(Weil aud Jennings, 41) and diluted 22 with water, To 7.1 emm. of
the extract were added identical amount= of 196 evsteine hyvdroehloride,

' Fellow in Anatomy, ’

This reserrel is part of a project supported by an allotment from the Rockefeller Fluid
Researel Fund.
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veronal-acetate buffer and 4% edestin solution. The last thice soly.
tions were all at pH 4. The mixtures were ineubated at 40° (', for
4 hours and the amount of protein digestion was determined by
the micro-acetone titration method of Linderstrgm-Lang and Holtey
(740).

The rats were fed Purina dog chow, with occasional greens. For
those on the KI diet, the briquettes were finelv ground and mixed with
1% by weight of potassium iodide. The rats treated with thyrotropic
factor received it as a 0.2% solution in 0.85% NaCl injected intrapers
toneally. The dose contained 1 mg. of the thyrotropie factor, or 10
guinea pig units of thyrotropic ‘activity. The thyrotropic factor was
donated by Doctor Jensen.

The rats used in the sulfaguanidine feeding experiments were sup-
plied by Dr. Julia B. MacKenzie. The diet contained 29% sulfaguanidine
powder by weight. '

Ten rats were hypophysectomized by Dr. James Leathem of Rutgers
University, and were fed on a normnal diet. Three wecks after the
operations, the thyroids were tested for proteolytic activity. Another
ten hypophysectomized rats were ted for 3 weeks on a diet containing
2% sulfaguanidine, and then tested for thyroid proteolytic activity.

The guinea pigs receiving thyrotropie pituitary factor were treated
with a different preparation of the extract (Ayerst) and were given
much larger doses, up to 450 guinea pig units. The guinea pigs receiv-
ing 50 guinea pig units were injected with 0.1 ce. amounts of thyro-
tropie pituitary factor twice a day for 5 days and were killed on the
sixth day. Those receiving 250 guinen pie units were treated the same
way except that 0.5 ee. injections were given. The animals receiving
450 guinea pig units were injected with 0.5 ce. dose of the thyrotropic
factor four times a day, except for the first day, when two injections
were made, They were killed on the sixth day.

RESULTS

The results of the micro-titrations are given in the number of emm.
of N/20 HCI required to titrate the digestion products of the edestin
caused by the proteolytic activity of 1 mg. of thyroid tissue.

Preliminary results showed that the enzyme was activated hy cystdine
hydrochloride. Without cysteine HCI, a sample of thyroid extract re-
quired 4.80 emm. N/20 HCl; with cysteine HCl added, an identical
sample required 8.67 emm. N /20 HCL. The pH optimum for digestion
of edestin was at pH 4.0. Cuum. of N/20 HCI required to titrate iden-
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iieal samples of thyroid extract at various PH™s were: pH 3.70 - /.50
it pH 3.88-8.06 emm.; pll 4.0 - 8.67 cmm.; pll 413 -8.12. These
results indicate a proteolytic enzynie of the cathepsin type.

The average activity for the thyroids of 20 control rats was 10.31
cnn. of N/20 HC1 per milligram thyroid, with a range of 7.92 cmm. to
12.38 cmm. The majority of the results were between 9.5 ¢cmm. and 11.5
emul. N/20 HCI per milligram thyroid tissue.

TABLE 1

M. THYROID

. . o CMM. N/20 %o CITANGE o
R
T drys
Llats on 7 o 13.50 + 309
Wl odiet 14 2 11.88 + 15.2 l
16 2 12.73 + 234 6.5
35 2 10.94 + 6.1
40 2 4.29 — 9.9 -
e T T e e oy T T T e e
Lot treated with o 2.3 & 13.36 + 29.6 ]
Siorotrupie 21 2 13.33 + 20,3 6.6
situitary factor 48 2 13.40 + 800 | :
v gopow P4 2 11.03 + .0
T T T T
Hats on sulfa- 1 2 10.36 + 0.5 9.9
cuanidine diet 3 2 7.62 —26.1 8.6
5 2 8.22 — 20,2 14.3
7 2 7.96 — 22,8 16.4
14 2 7.19 — 30.2 24.8
21 2 8.50 —14.7 20.4
T 777-—‘:;1:‘;[,\" T . T T s T
Tophyscctomized 21 it sl -~ 203 5.6
v wormal diet
Ctophiysectomized 21 10 11.61 . <+ 12.6 3.8

P2

i sulfaguan-
e diet

Table 1 lists the results obtained on normal rats treated with potas-
st iodide, thyrotropic pituitary factor, and sulfaguanidine, and also
o1 the hypophysectomized rats fod on control and sulfaguanidine diets.
On the average there were 6.4 mg. of thyroid tissue per 100 gm. body
Weight in the control rats used for the potassium iodide, thyrotropie
factor and hypophysectomy experiments. A different strain of rats
Was used for the sulfaguanidine experiments, and the controls aver-
Aced a higher value: 9.1 mg. thyroid tissue per 100 gm. body weight.
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Table 2 shows the results on the thyroid proteolytic activits of BUiney
pigs treated with thyrotropic pituitary factor, The average HOLI,)
alue for the proteolytic activity of the thyroid tissues of six Zuiney
pigs was 865 crum. N/20 ICL per milligram thyroid tismue, Iy the
control guinea pigs there were 13.8 mg. thyroid tissue per 100 g, hody
weight.

TARLE 2
0. OF o o M. %/20 U CHANGE PR
GUINEA AR H01 NG, FIOM PR 100 Ga.
PGS b .’ s THYROID NUKMAL “- "_)Y
INJECTEDL WEIGHT
—n —_ B _ i Mk
Guincu pigs treated 2 39 8.60 — 0.6 i 153
with thyrotropic 4 250 9.70 + 12.2 37.3
pituitary factor 4 450 10.64 <+ 23.0 54.2
DISCUSSION

Thyroglobulin has a high molecular weight of approximately 700,000,
TLis material is continually being secreted into the lumen of the fol-
licle and reabsorbed. Manu, Leblond and Warren ( ’42) estimate that
1.55% of the thyroxine contained in the thyroid gland of the dog is
formed per hour. The thyroglobulin absorbed must pass out of the
lumen of the follicle either through intercellular spaces or through
the walls of the follicular cells. The first method does not seem likely.
No intercellular spaces are apparent in mammalian thyroid follicles.
Riggs. Lavietes and Man (*42) have shown that the oreanie iodine
containing fraction of the blood can he regarded as a compound of the -
same size as serum albumin, or one of smaller size, which is restrained
from diffusion during ultra-centritugation determinations by the serum
albumin. This means that the thyroglobulin with a molecular weight of
700.000 in the folliele is broken into substances with molecular weights
of 69,000 or less.

Somewhere the thyroglobulin must he hroken down into smaller units
through the action of a proteolyiic enzyvme. Since the jodine containing
hormene of the colloid must pass through the membranes of the tollicle
cells to leave the thyroid gland, it is possible that this breakdown oveurs
in the thyroid itself, perhaps very largely in the eolloid (De Robertis,
"41). The proteolytic enzyme found in the thyroid is of he cathepsin
type, one found generally in all tissues of the hody. ,

Administration of thyrotropic pituitary hormone causes an inereased
basal metabolism (Belaseo and Merlin, 41), a deereased \'ism\SiL\' of
the thyroid colloid during the first 24 hours after administration (De
Robertis, *41) and an increase in mitotie activity in the colls of the
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e (Salter, 40). There is also an inereased efficiency of lodization
~ooprotein of the colloid (Gersh, 45),0 The present experiments
“an o inerease in the activity of 1he cathepsin of the thyroid glind
ral dnring the first 48 hours after injection of the thyrotropic
This may be correlated with the more rapid seeretion of the
roid hormone by the activated gland. By 72 hours after the injec-
... proteolytic activity of the thyroid tissue has returned to within
- o normal range. The proteolyvtic activity of the thyroid tissue of the
ey pig also inereased after the administration of the thyrotropic
‘netor, the magnitude of incerease being parvallel with the dosage given.
Feedinerof potassium iodide to rats does not affect the basal metabol-
ury of the animals, but does bring about an increase in mitotic activity
o7 the follicular cells (Rabinowiteh, "28), possibly a slight inerease in
- iine content of the gland (Remington and Remington, ’38), and an
sooreased efficiency of iodizatiou (Gersh, '43) of the colloid protein.
7 Pobertis (’41) found that the colloid of thyroid follicles of rats fed
“0o 5 to 12 davs on a 1% KI diet was less viscous than normal colloid
=nd its proteolytic activity was increased. Rats fed on the KI diet for
+5 to 54 days had thyroid colloid which was more viscous than that of
-1 control rats, and it also had less proteolytic activity. In table 1 the
sgures show an inerease in the proteolytic activity of the thyroid tissue
A7 rats fed on a 140 KI diet tor 7, 14 and 16 davs. After 38 days of
Zeeding on the special diet there was only a small inerease over normal
vf the proteolytic activity, and after 40 days the activity was somewhat
below the average normal level. This data agrees in general with the
semiguantitative fiidings of De Robertis.

MacKenzie and MacKenzie ('43) have shown that a marked enlarge-
ment and hyperemia of the thyroid of the vat is caused by the adminis-
tration of sulfaguanidine. However, this was accompanied by a de-
srease in the basal metabolism and also deereased protein and organie
fadine eoncentrations in the thyroid colloid (Gersh, 43). The proteoly-
tie activity of the thyroid tissues of sulfaguanidine vats was definitely
lower than normal. When vats were bypophyseetomized and {then fed
on a diet eontaining 2¢¢ sulfagnanidine, no enlargement or hyperemia
of the thyroid took place, and no deercase in the profeolvtie activity
of the tissue occurred. In taet, the activity was somewhat above the
normal average. Gersh (43) found that there was a greatly inereased
efficicney - of iodization of the colloid protein in sulfagnanidine fed
hypophyscetomized vats, The inercased eatheptic activity of the thy-
roid tissne seems to parallel this finding.
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In hypophysectomzed rats, which slow an atrophy of the thyroiq ’
and a decrease in basal metabolism (Salter, ’40), there is a fall in the
proteolytic activity of the thyroid tissue. The latter appears to be cor-
related with a deerease in the output of thyroid hormone from the gland
under these conditions.

In summary there is increased proteolytic activity during periods of
increased activation of the thyroid gland, as during early treatment of
the rat with potassium iodide and after the injection of the rat and
guinea pig with thyrotropic pituitary factor. There is a decreased
proteolytic activity during periods of decreased activation of the thy-
roid, as during treatment of the rat with sulfaguanidine after hypophy-
sectomy and in later stages of treatment with potassium iodide. These
results confirm the work of De Robertis and suggest that the proteoly-
tic enzyme cathepsin is concerned with the breakdown of the thyro-
globulin into units small enough to pass through the cell membranes
into the blood stream.

SUMMARY ' -

1. After treatment of rats with thyrotropic pituitary factor, the thy- -
roid tissue of such rats showed a proteolytic activity for the first 48
hours after treatment that was greater than that of normal rats.
Guinea pig thyroid tissue also showed an increase over normdl of
proteolytic activity under these conditions.

2. Feeding of potassium iodide to rats for periods up to 16 days
caused an increase over normal of the proteolytie activity of the thyroid
tissue. After 38 days of KI feeding the thyroid proteolytic activity
was normal or somewhat below normal. :

3. Feeding of sulfaguanidine to rats caused a decrease in the pro-
teolytic activity of the thyroid tissue.

4. Hypophysectomy of rats caused a decrease in the thyroid tissue
proteolytic activity.

The author is grateful for the advice and help of Dr. I. Gersh in the
course of this work.

LITERATURE CITED .

BeLAsco, I. J., AND J. R. MErlax 1941 The cffect of thyroxine and thyrotropic hormone
on the basal metabolism and thyroid tissue respiration of rats at various ages.
Endocrinology, vol. 28, p. 145.

Dr RoeeeTis, E. 1941 Proteolytic enzymc activity of colloid extracted from single follicles
of the rat thyroid. Anat. Reec., vol. 80, p. 219,

GEgsg, I, a¥D R. F. BAKER. 1943 Total protein and organic iodine in the colloid of indi-
vidual follicles of the thyroid gland of the rat. J. Cell and Comp. Physiol., vol. 21,
p- 213. :

3k



<1t. L, axp T, CaspErssox  Tidy Total protein and organie dodine in the eoljoid and

cells of single follicles of the thyroid glamd. Anat Ree., vol, 78, po 303,

- -\PLBERGER, M., AND K. O. Prpeksex 1935 The moleeulur weight and isuclectrie point

of thrroglobulin, J. Gen. Physiol., vol. 19, p. 95.
arayN, Jooaxp W T SauTes 193¢  The behavior of natural wad artificial thyroid pro-
tein. Trans. Am. Assoc. for the Study of Goiter, p. 143.

1‘1,\f1)ERS'I‘HOM'IJA1\'G, K., axp I Hourrr 1940 Die enzymatisehe Histockemie. In E. Puimann
and K. Myrbiick ©*Die Methoden der Fermentforschung, '’ p. 1182, )

\4cKENZIE, C. G., AND J. B. MACKENZIE 1943 The effect of sulfonamides and thioureas on
the thyroid gland and basal metabolism. Endoerinology, vol. 32, p. 185,

ALy, W, O Po LEBLOND AXND &, L. Waikes 1942 lodine metubolism of the thyroid
gland. J. Biol. Chem., vol. 142, p. 905.

nasiNowrral, J. 1028 The offect of feeding potassium jodide on proliferative activity of
the thyroid gland in guinea pigs. Aw. J. Path., vol. 4, p. 601

rEMINGTON; R, B anp J. W, REmIxgroN 193%  The effect of enhanced iodine intake on
grdwtl and on the thyroid glands of normal and goitrous rats. J. Nutrition, vol. 13,
p. 539,

reas, DS Po ML LAVIKTES AND E. 1. Max 1942 Investigations om the nature of hivod
iodine. J. Biol. Chem,, vol. 143, 1. 363, '

<o, WL, 19400 The cndoerrine funetion of iodine, Cambridge.

bn eoanp RKL JENxINGs 1941 Investigations in enzymatic histochemistry.  I1L Dis-
tribution of engiaes i rabbit kiduey, T Bicl, Cheme, volo 138, p. 21,

'5 Hs”



Medical Department, Centralsykchusct i Akershus, Norway
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HYPOFUNCTION OF THE THYROID GLAND,
DUE TO PROLONGED AND EXCESSIVE INTAKE OF
POTASSIUM IODIDE

By
Harald Frey

ABSTRACT

Five patients are reported, who develope'd various dégrees of thyroid
hypofunction and/or gontrc while taking iodide-containing mixtures for
bronchial asthma. After stopping the iodide treatment, thelr thyroid con-
dition returned to normal.

The clinical features of the condition are described. Particular attention
" has been paid to the factors responsible for the development of thyroid
hypofunction. Most important among these was the prolonged, regular
and high intake of iodides.

It is concluded that patients using iodide-containing medication should
interrupt the intake for 2-4 weeks at a time, several times a year.

The mechanism by which iodine depresses the function of the thyroid
gland is discussed.

din¢, the indispensable clement for thyroid hormione production, may under
*rtain circumstances exert the paradoxical effect of inhibiting this process. It
" well known that even minute doses of iodine seriously hamper the activity

“A‘hc gland in Graves' disease (Plummer 1928; Childs et al. 1950).
There is also evidence that iodine also exerts an inhibitory effect on thyroid

‘tmone production in normal glands. Large doses of iodine interfere with
*fanic binding of the element both in the human (Stanley 1949) and in the
" thyroid. However, in spite of continued high tlood levels of iodide, escape

“m the inhibiton occurs after 1-2 days (Wolff et al. 1949). Continuous con-
"nption of iodine has therefore gencrally been considered not harmful to the
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healthy thyroid. This, however, is not entirely true. Prolonged ingestion o
iodine in rather large doses may lead to the development of goitre and eve,
myxoedema, .

The purpose of the present paper is:

1. to draw attention to a condition that is not very well known, in spj,
of more than 50 recorded cases in the literature (none of which from Scang;.
pavia). It is our belief that the condition is more common than previously
thought. The reasons for this are:

a. it is not diagnosed as such,

b. it is possible that the development of iodine myxoedema, under certaip
circumstances to be described, is the rule rather than the exception.

2. to contribute to the clinical description of the syndrome, which has s
far seen presented in short case reports, only 5 authors presenting more than
3 cases.

3. to comment on certain biochemical findings that have so far received
scant attention, and in this connection comment on the mechanism and mature
of the inhibitory effect. "

METHODS

Serum cholesterol was determined by the method of Carr & Drehter (1956). Butanol
extractable iodine in serum (BEI) was determined by the method of Kontaxis &
Pickering (1958). Protein-bound iodine in serum (PBI) was determined by the method
of Foss et al. (1960). With this method, icdinated tyrosines contribute to the PBI
value when the proteins are precipitated with Zn(OH);. The following experiment
was performed by Dr. O. P. Foss in order to sce whether this is the case when the
proteins are precipitated with trichloracetic acid (TCA):

Mono-iodotyrosine (MIT) and di-iodotyrosine (DIT) were dissolved in 0.01 x NaOH
and diluted with distilled water until a final concentration of approximately 1 g
iodine/ml was reached. Mixtures of these solutions and serum from a serum pool were
prepared as follows:

. Hg organic #g/100 ml
Sample - Amount “:5 d(i);?;llc iodine/11 ml organic iodine
of sample in sample
i Serum 16 ml 0.064
{
! + MIT 1 ml 0.99 163 148
- Serum 10 ml 0.064 )
+DIT 1 ml 0.98 62 14.7

PBI was estimated after precipitation of the protcins by Zn(OH), or TCA. Al
determinations were carried out in duplicate. The PBI value of the serum pool was
established by 10 separate determinations, using precipitation with Zn(OH)s.
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#g/100 m! PBI
. after precipitation with .ug.llt.)o {nl .
Sample organic iodine in
ZH(OH)g TC A the sample
f°ﬁ;'.} 12.0 638 148
f"]')‘;'.'r 1.0 62 " 149
Serum 6.0 6.4 6.4

It was concluded that precipitation with Zn(OH), includes MIT and DIT in the
I'BI value, while this is not the case when precipitation is done with TCA.
The serum from patients was treated with ion exchange resin before precipitation.

CASE REPORTS,

No.1, A. U., male aged 72 years. He had suffered from chronic asthmatic bronchitis
for 20 years, and for the last 10 years had been continually taking an expectorant
mixture containing potassium iodide (KI). The yearly intake of KI was calculated to
be more than 500 g. He had no known thyroid disease, or serious contributory illness.
On examination in 1957 he was cuthyroid.
In March 1962 he was clinically euthyroid, but the thyroid gland was slightly en-

Fig. 1.

Thyroid histology in patient A.U. Showing »moic or less dilated alveoli lined by a
tboidal epithelium, which in many ares proliferates into the lumen. The colloid is
pale with marked vacuolisation. Thyroid tissue with thyrotoxic changes.«

(Lciv Kreyberg, sign.) Magnification X 192,
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larged. Serum cholesterol was 257 mg/100 ml. Basal metabolic rate (BMR) 104 %y, ..,
serum PBI 14.8 1g/100 ml ‘

In Junc 1962 his thyroid gland had increased in size.

In October 1962 he was admitted to the hospital because of increasing dyspnu,
He complained of cold intolerance, spending his day in bed fully dressed, and |,
stools once a week. On examination he appeared severely myxoedematous with typi.,
changes in skin, voice and tendon reflexes. The thyroid was greatly enlarged, a.
was estimated to weigh about 80 g. It was soft, with a regular surface and no neduy.,
The BMR was 77 %o and 63% on two separate occasions. In addition there was sligy
cardiac decompensation and evidence of a long-standing bronchial disease.

Thyroid biopsy showed parenchymatous hyperplasia (Fig. 1). Results of determir,
tions of serum cholesterol, PBI, BEI and thyroid uptake of 1!I before and ak-
stopping the KI medication are shown in the graphs (Figs. 2, 8, 4, 5). The PBI dae
mination was carried out after ion exchange, and precipitation was done both wiy
Zn(OH)y and TCA with almost identical results, Total iodine in the serum was ove-
100 22g/100 ml and fell to 15 2g/100 m! after 8 weeks. The iodine determinations we:
carried out by Dr. Liv Theodorsen.

Course after stopping KI. Within one month the patient's ptosis disappeared and ¢-
reflexes became normal, but his voice was still hoarse and he still had a goitre. Aft-

CHOLESTEROL ’
_mg/100mi -

400 }

wo }
A A A A i rr"r’
0 ) 2 3 4 5 s 7 fodine
Fig. 2.

Serum cholesterol of patients with iodine hypothyroidism after stopping iodinc.

I
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Fig. 8.

Serum protein-bound iodine of patients with iodine hypothyroidism
: after stopping iodine.

two months he was clinically euthyroid, had lost 5.5 kg in weight, and the thyroid

vas normal in size and consistency. The BMR increased to 90 and 96 %. After seven

wonths he had lost 7.5 kg in weight, the thyroid was normal and the patient euthyroid.
Withdrawal of iodide caused no deterioration of his asthma. Serum cholesterol was

21 mg/100 ml and BEI 5.1 ug/100 ml. With the gradual disappearance of the myx-

oedema, his bronchial asthma and cardiac condition improved considerably. He stated
_that he felt »better than ever«. ‘

No.2. B. J., male aged 48 years. He had had asthma since childhood, and for the last
13-20 years chronic asthmatic bronchitis with continual distress. For 15 years he had
been taking iodine-containing expectorants every day, with a yearly consumption of
Kl in excess of 300 g, and possibly 500 g. He had had no thyroid disorder, nor any
contributory discase. ’

In 1957 nothing was said about his thyroid condition.

In September 1962 he complained of loss of energy, loss of libido, loss of hair,
wollen legs and constipation. He appeared hypothyroid with hoarseness and typical
thanges in the skin and hair. The thyroid was enlarged and cstimated to weigh about

" ¥ g, with irrcgular surface, but no distinct nodules. The ECG showed flat T-waves.
In addition there was evidence of bronchitis and emphysema. The BMR was 94 and
%Y. Thyroid biopsy showed parenchymatous hyperplasia (Fig. 6).

Results of laboratory studics before and alter stopping KI are shown in Figs. 2-5.

Course after stopping KI. Within 6 weeks he had lost 7.5 kg in weight and the BMR
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Fig. 4.
Serum butanol-extractable iodine of patients with iodine hypothyroidism
after stopping iodine.
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Fig. 5.

Thyroid uptake of '] in patients with iodine hypothyroidism. Figures in brackets
indicate number of days after stopping iodine.
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Fig. 6.

Thyroid histology in pat. B. J. Showing »more or less dilated alveoli lined by a low
wboidal epithelium, which in a few areas is higher and proliferating into the gland
Jumen. The colloid is rather evenly stained with slight peripheral vacuolization.
Thyroid tissue with slight thyreotoxic changes.« (Leiv Kreyberg, sign.)

Magnification X 192.

-

increased to 106 and 119 %s. The goitre disappeared. He felt keener, was able to walk
without stumbling, and the stools became norma). The skin became softer, and a new
crop of soft hairs appeared on the lower arms. The T-waves became higher. As his
thyroid condition improved, his asthma improved proportionally. Five months later he
was cuthyroid, had lost altogether 12 kg in weight and had a normal thyroid gland.
The BEI was 5.3 ug/100 ml and the serum cholesterol 240 mg/100 ml. At this time
the patient requested reinstitution of iodide because of increasing asthmatic distress.
The dose was 1 g daily. After 8.5 months on iodides he again experienced cold in-
tlerance and constipation.“He appeared mildly hypothyroid and had gained 3.5 kg.
The thyroid was normal. BEI was 2.3 4g/100 ml (below normal) and serum cholesterol
284 mg/100 ml. It was apparent that he was sliding back into overt hypothyroidism.

No.8, A.B., male aged 56 years. Asthmatic bronchitis for 30 years. For the last 10
years continual use of iodide-containing mixture, with a calculated yearly consumption
of more than 500 g KI. In addition he suffered from cardiac failure of moderate de-
gree, ascribed to previous myocardial infarction and to his bronchial disease.

On examination in 1957, -58 and -59 nothing was said about his thyroid condition.

In November 1962 he complained of troublcsome constipation, hoarseness and puf-
finess of the face. Physical examination revealed a heavy-set subject with signs of
chronic bronchitis and emphysema. He appeared slow, had marked hoarseness, cedema
of the eyelids and ptosis. The reflex return was slow. His thyroid was enlarged and
estimated at 40 g, with a slightly nodular surface. In addition mild cardiac failure
was found, and pyuria attributed to chronic prostatitis. Determination of the BMR
was not found to be practicable because of dyspnoea.

Results of laboratory studies before and after stopping KI are shown in Figs. 2-5.
Total serum jodine was more than 100 wg/100 ml.

.Course after stopping K1. After one month he appeared cuthyroid, and this con-
dition was maintained. After two months his thyroid was no longer palbable, although
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scintigram showed the gland to be still enlarged, but smaller than before. The uptal,
of 1] was normal. . . :

At this point the patient asked for reinstitution of jodides, and medication was ¢
started in the same doses as before, under close supervision. During the ensuing 4
months he appeared to get along well. Control of BEI showed 7.9 4g/100 ml (hip
normal) and serum cholesterol was 265 mg/100 ml. After 4 months on jodides he agy:
started to complain of facial puffiness, constipation, cold intolerance and depressioe
Clinically he was mildly hypothyroid. The BEI had fallen to 5.0 #g/100 ml. and th
serum cholesterol had risen to 357 mg/100 ml. Because he felt he could not get along
without iodides, he was started on Na-1-thyroxine 0.2 mg daily.

He continued treatment with iodides and thyroxine for three months. His conditicr
again improved, and he soon became euthyroid. BEI was 6.3 4g/100 ml and serun
cholesterol 287 mg/100 mi. The PBI, however, was still high, 21 xg/100 ml.

No.4, 1. A., male aged 72 years. Asthmatic bronchitis for 12 years. For the last 1
years he had been taking KI every day, with a yearly consumption in excess of 500¢
In addition he was suffering from polyneuropathy of the lower extremities of unknows
aetiology. He had never before shown any evidence of thyroid disease.

In 1958 and -59 nothing was said about his thyroid condition.

In June 1961 he was clinically hypothyroid, with typical skin and reflex change
No definite goitre was found. Serum cholesterol was 455 mg/100 ml. BEI was 3*
ug/100 ml and PBI 14.8 ug/100 ml. He weighed 65 kg.

KI was stopped, since iodide interfered with the thyroid function studies, but wa
not at that time held responsible for his hypothyroidism. In September 1961, still with
no iodides, he was euthyroid with brisk reflexes and normal skin. His thyroid wa
probably normal. He weighed 60 kg. Serum cholesterol was 253 ug/100 ml, BEI 32
4g/100 ml and PBI 9.2 ug/100 @l. Thyroid uptake of 131 was normal. — Because the
causal role of iodides in the production of his symptoms was still not recognized. he
was again started on massive doses of KI, in January 1962. Before this, in Octobet
1961, he had a slight myocardial infarction and later developed heart failure.

In October 1962 he was seen again and found to have progressive heart failure and
flourishing myxoedema. He spent his day dozing in a chair by the stove and was ven
constipated. His thyroid was still Fard to palpate and no definite goitre was found
He had palpebral and ankle oedema, but had normal reflex return and no ptosis. i¢

. contrast to the findings in June 1961. (This changing picture of myxoedema in the

same patient is very interesting). He weighed 65 kg, and treatment with with KI wa
stopped for good. ’

The results of the laboratory studies before and after stopping iodides are shown it
Figs. 2-5.

The results of the PBI determination was the same both with Zn(OH)s- and TCA:
precipitation. Total serum iodine fell from 42 ug/100 ml to 11 g 100 ml in one week
— Thyrotrophin stimulation did not change the pattern of the W1 uptake. Thiocyanat
administration one hour after the tracer dose was given, resulted in a fall of uptakt
from 7.6 %' of the dosc at one hour, to 0 at two hours.

Course after stopping KI. Within 6 wecks he became euthyroid and lost 10 X§ i#
weight. His brenchial and cardiac condition improved. After 7 months he was ¢
again; he was cuthyroid and weighed 56 kg. No goitre was found. Serum cholester
was 257 mg/100 ml and BEI 5.7 g 100 ml. His heart and lungs were in a better co
dition than they had been for a very long time.
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Vo.5. G. K., female aged 56 years. She had suffered from asthma for more than 20
years. For the last 6-7 years she had been taking iodide-containing cxpectorants every
:hy, and her yearly consumption amounted to 300 g KL During the last 4 months
before admission she had taken 200 g because of increasing respiratory distress. She
had previously not had any known thyroid abnormality, and suffered from no im-
portant contributory disease.

In April 1962 she appeared cuthyroid and had no complaints except about her
sthma. The important finding was an enlarged thyroid gland, estimated to weigh
10 g and firm. Suspecting that her goitre might have been caused by jodides, KI was
withdrawn. Figs. 2-5 show the laboratory findings before and after stopping KI. Total
wrum iodide was 30 ug/100 ml.

Course after stopping K1. The goitre disappeared within two months, and the gland
atained a normal consistency. The patient was last seen 4,5 months after KI was
stopped. At that time she was euthyroid and had a thyroid gland that was normal to
palpate. Her asthma was unchanged, but she did not miss the iodides.

"

DISCUSSION

There appears to be little doubt that the iodine intake was the direct cause of
the goitre and/or hypothyroidism in all cases. After stopping iodine intake,
manifestations of goitre and hypothyroidism reverted completely to normal
within 1-2 months, followed by a short period of slight thyroid hyperactivity,
after which the gland returned to normal, leaving no signs of thyroid ab-
normality. Reinstitution of iodides produced a relapse of symptoms whenever
this was tried. The clinical coursg is in agreement with that reported in the
literature.

Particular clinical features of the syndrome deserve more detailed con-
sideration: ‘

The hypothyroidism develops gradually. This feature is well demonstrated
m patient A. U., who was examined three times within 7 months. The initial
ign was goitre, and later hypothyroidism developed. It apparently takes
‘everal months for myxoedema to develop, and during this period various
linical conditions, from goitre via mild hypothyroidism, may be observed. It
» also interesting to note how long it takes for the inhibitory effect to become
cvident. Four of our patients had been followed for years while using KI,
and had shown no signs of thyroid inhibition. The above clinical features
wint to the conclusion that we are concerned with some kind of exhaustion
‘taction from the thyroid, in response to high and prolonged iodine adminis-
ation,

The situation scems to be different once thyroid inhibition has been mani-
st. On reinstitution of iodides, it now takes only a few weeks or months be-
fure signs of hypothyroidism are evident, whereas the same patient previously
%d been able to tolerate iodide loads for years without any ill effect. Both
WA, A.B. and B. J. demonstrate this point clearly. Previous episodes thus

fe
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seem to condition the gland to the‘inhibitpr; effect of iodides. The phen,
mena here called »exhaustion« and »condifioning« have not previously b
commented upon in the literature, although Nixon (1957) reports a case witt
four episodes of iodine myxoedema in 5 years.

The size of the thyroid gland varied considerably in our patien‘_‘f nd buge
no relationship to the severity of the hypothyroidism. Thus G. K. &
with only borderling hypothyroidism, while H. A. had myxoedemafy
goitre. The goitre was usually small, in only one case larger than'®
usually had a firm consistency with a somewhat irregular surface, but no di.
finct nodules. In A.U. it was larger and softer. This erratic nature of th
goitre was also noted by Morgans & Trotter (1953), who in one patient foun!
a gland similar to the one usually found in Hashimoto's thyroiditis, and in
another no palpable gland at all, while both patients had clinical and bio-
chemical evidence of hypothyroidism. In the case of Dimitriadou & Frusr
(1961) the goitre weighed 160 g, and the infants described by Martin & Rent.
(1962) also had large goitres. In the majority of cases reported, however, the
goitre has been of moderate size. The palpation of the gland thus seems t
give little information of diagnostic significance.

It has been very satisfactory to observe the beneficial effect on the cardio-
respiratory condition of several of our patients as they reached a euthyro'u!“
state. This contrasts with the finding of Burrows et al. (1960) in one paticnt
and it represents an interesting comment on the widely-accepted treatment of
patients with chronic cardiorespiratory failure with radioiodine in order te
make them hypothyroid. '

Conditions for the syndrome to develop.

First of all, the syndrome may develop in normal thyroid glands. None ¢l
our patients had had thyroid disorders previously, nor did this develop sub-
sequently during the period of observation. It is evident from the literature
however, that the syndrome has been described several times in patients witt
pre-existing thyroid disorders. Bell (1953) was the first to report the syndrome
in patients with normal glands. According to Oppenhcimer & McPhersem
(1961), 28 cases with previously normal thyroids had been reported to that
time, and the majority of cases reported later had normal glands. Pre-exist
ing thyroid discase was found by some authors (Caplin et al. 1961; Dim:

. triadou & Fraser 1961; Hydovitz & Rose 1956; Laroche & Hirsch 1960; Luker:

1961; Vanderlaan 1956). In conclusion it may be said, that in the majority *'
cases, the syndrome has developed in previously normal thyroid glands.

In this connection it should be mentioned that the presence of asthma dve
not scem to be a prerequisite for the syndrome to develop (Martin & Rent
1962; Mornex et al. 1960).

The nature of the ingested jodine does not seem to be of importance. Bror
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Table 1.
Consumption of KI by 100 asthmatic patients.

Grams KI per year Number of patients

0 or negligible . 58
less than 50 18
50-100 6
100-200 9
200-300 5
300-400 3
400-500 6

chography (Mornex et al. 1960) may be the cause, as may Felsol, a combined
preparation containing 30 mg of iodopyrin per dose. There is reason to believe
that the effect of Felsol on the thyroid gland is a pure iodide effect (Brown-
stone & Pitt-Rivers 1959). In the great majority of cases inorganic KI was the
causative agent. :

The dose of iodine ingested and the period of administration need closer
scrutiny. Our patients were all taking large amounts of KI,, and they were
taking it every day over a period of years.

In order to get an impression of the pattern of iodine consumption in Akers-
hus county, 100 consecutive cases of asthma or chronic bronchitis as their
main or contributory diagnosis were interviewed and examined by the author.
Ihe 5 cases reported were included in this group. The age of the patients
varied from less than one year to 75 years, and the duration of their disease
from acute cases up to 50 years. Only 10 of the patients had had their asthma
for less than one year. ‘

Table 1 shows the amounts of iodine ingested. Only 9 patients had been
taking more than 300 g of KI per year.

Equally important is the question of regularity of consumption. Of the 100
patients, 90 were taking their medicine intermittently, with intervals of one to
*veral weeks, often many times a year. Only 10 patients were taking it con-
‘mually, every day the whole year round. Four of these patients used very
'mall doses, mostly in the form of Felsol.

Only ¢ patients belonged to both groups, i. e. they were using large doses
without interruption. All the 5 patients with iodinc hypothyroidism described
thove were among these 6!

Similar information regarding regularity, dose and time are very scanty in
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the literature. Two authors (Folliers 1960; Rubinstein 8 Oliver 1957) have 4,
impression that most asthmatics take their medicine intermittently. The nece,.
sary doses, according to reported cases, are in most instances large, but doy,
as small as 150 mg iodopyrin daily have been reported as. being capable
causing the condition (Ezrin et al. 1961; Morgans & Trotter 1959). As for h,
time necessary for the syndrome to become evident, the quoted figures gy,
usually smaller than in the present material, from 6 months (Toguchi & Skiy.
man 1960) up to several years. Many authors (Mornex et al. 1960; Oppcn.
heimer & McPherson 1961; Rubinstein & Oliver 1957; Toguchi & Skillmay,
1960} have found large iodine intake by the patients, and according to Oppen.
heimer & McPherson (1961) only 3 out of 28 cases reviewed had been using
iodine for less than one year.

In conclusion, it can be said that in the majority of cases high and pro. -
longed exposure to iodine has been encountered, although there are exceptions
to this rule, even in patients with no evidence of pre-existing thyroid dis.
orders. The inhibitory effect of iodine can therefore be regarded as an un.
predictable event in a few cases, namely those who have been using iodine
for only some months and in moderately large doses. To expect and preven
this development in such patients is at the present tite outside our ability. On
the other hand, our own experience, supported by a body of evidence from
the literature, leads us to believe that high and prolonged exposure to iodine
carries a considerable risk of developing iodine goitre and kypothyroidism.
The practical consequgnce of this must be that these patients stop iodine medi-
cation for 2-4 weeks several times a year, starting from the time they begin
this form of treatment. *

In accordance with the above view, we believe that the syndrome of iodinc
inhibition of the thyroid gland is rare only because marked and prolonged
exposure to iodine is rare.

The mechanism of iodine inhibition.

Theoretically, iodine might be able to interfere at all stages in the thyroidal
iodine cycle, from the trapping of iodide to the release of hormone. Iodine hat
been found to slow hormone release in thyrotoxic patients, and in subjects
made hyperthyroid by exogenous thyrotrophin, but not in normal subjects
(Greer & deGroot 1956; Solomon 1956). On the other hand, even in norma!

. glands iodine is able to interfere with the hormone synthesis, as mentioned i

the introduction. It is therefore not surprising that study of paticnts with
jodine myxoedema has demonstrated a major defect in hormone synthesic
More specifically, the organic binding of iodine is hampered to a very high
degree. Iodine is trapped by the gland, but further binding does not take place
or happens on a very limited scale, as demonstrated by autoradiography an
thiocyanate block (Paley et al. 1958; Paris ¢t al. 1960).
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The shape of the uptake curve may also point to the presence of an un-
disturbed iodide trapping mechanism in the presence of diminished organic
binding: a high inital uptake which later falls slowly and proportionally to
the disappearance of iodide from other tissues in the body (Paris et al. 1960).
This feature was demonstrated by our patients H. A. and A. B., but not found
in the others. The explanation is that the shape of the curve depends on the
time that has passed since inhibition has ceased. With time, it approaches
normal (Fig. 5). The shape of the uptake curve is not therefore of any diag-
nostic significance without knowledge of the time factor. More informative
is the finding of relatively high initial uptake values (1 and 2 hours) in the
presence of a greatly expanded extrathyroidal iodide pool. This points to an’
enormous extraction of stable iodide from the blood into the thyroid gland
(Paley et al. 1958; Toguchi & Skillman 1960), and is due to compensatory
thyrotrophin stimulation. The same pituitary secretions are responsible for the
goitre, and would produce the histological picture of a hyperactive gland. This
was also found in two of our patients in whom biopsy was performed, and in
most of the cases reported by others (Mornex et al.-1960; Paley et al. 1958;
Paris et al. 1960; Toguchi & Skillman 1960; Turner & Howard 1956). Colloid
goitre has been found (Burrows et al. 1960) but may represent a pre-existing
disorder. The above evidence of pituitary hyperactivity does not support an
inhibitory action of iodide on the pituitary gland itself.

The elevation of the PBI.

All patients with iodine myxoedema have elevated values of PBI in the
presence of low values of BEI, pointing to the presence of some iodinated sub-
stance in the blood that is not hormonally active. It is well known from the
work of Danowski et al. (1950) that massive doses of iodide increase the PBI,
irrespective of the effect on the thyroid gland itself. The cause of this »Danow-
skieffect« is still not clear (Danowski, 1963, personal communication).

In order to study the PBI in cuthyroid asthmatic patients receiving com-
parable doses of KI, serial determinations were done after stopping the iodine
medication (Fig. 7). In all patients there was an increase in PBI of the same
order as in patients with iodine myxoedema, and this increase persisted for a
similar period of time. KI was also given to one patient with primary myx-
vedema and an initial PBI-valuc of 1.5 4g/100 ml. This patient also had a
greatly increased PBI, without any change in his thyroid condition (Fig. 7).

The findings indicate, that an increase in PBI is a uniform feature in sub-
jects using iodide in comparatively large doses, and is thus not confined to
batients who develop myxoedema or goitre; and further, that this increase
May also take place in subjects with very inactive thyroid glands (primary
myxoedema). :

Although an increase in the PBI may be caused by the same mechanism in
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Serum protein-bound iodine of 5 euthyroid patients wit.l; asthma and 1 patient with
primary myxoedema after stopping iodine, which had been given for several wecks in
a dose of 1.5 g KI daily.

iodine myxoedema as in euthyroid subjects, other possibilities cannot be ex-
cluded. If the block in hormone synthesis caused by iodine is not complete.
which is certainly the case as this would be incompatible with life, some
iodine would be available throughout the cycle, giving rise to more or less
normal products of the thyroid gland. Thus Paley et al. (1958) in their carefu!
study calculated that in the presence of a greatly enlarged thyroidal iodine
pool, as found in the syndrome, as little as 0.1 % of the iodine in the gland
would be necessary to secure a normal production of thyroid hormone. A
»leak« of this small magnitude would be very difficult to detect with our
present tools.

The present material may shed some light on the question whether the
iodine-inhibited gland in addition to small amounts of hormones also produces
other products that may increase the PBI. Thus the biochemical findings in
H. A. and A.U. tend to exclude iodotyrosines as the cause of the PBI elc:
vation, since the values were the same both with Zn(OH)s- and TCA-precip-
tation. Furthermore, the results of the thyroxine medication in patient A.P
indicate that whatever the nature of the substance that elevate the PBI, it
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pot dependent on pituitary stimulation, as it was still present in large amounts
Juring pituitary' suppression with exogenous thyroxine.

In conclusison: the chemical composition of the substance responsible for the
devation of the PBI in this syndrome still awaits clarification, as does its
eventual role in the pathogenesis. Our own results are all compatible with the
view that it may be due to extrathyroidal iodination of serum proteins.

Final remarks.

We know that some subjects under certain circumstances develop iodine
myxocdema. We also partly know how, but not why this happens. The factors
governing the fate of the gland working under heavy iodine loads are poorly
understood. Increased sensitivity to iodine in susceptible subjects has been de-
monstrated (Paris et al. 1960), but not confirmed (Dimitriadou & Fraser, 1961).
Some evidence points to the possibility that the compensatory thyrotrophin
stimulation, elicited by decreasing amounts of circulating thyroid hormone,
may render the gland more sensitive to the inhibitory effect of iodine, thus

wetting up a vicious circle (Childs et al. 1950; Paley et al. 1958; Stanley 1949).

Future investigations should prove (or disprove) the contention that high
and prolonged intake of iodine usually leads to thyroid hypofunction, and
throw further light on the intrathyroidal mechanisms operating under these
conditions.
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THE EFFECT CF ICDINE CN PHAGCCYTCSIS OF LEUKOCYTES IN GUINEA PIGS

%, F. Gerasimova
Dept. of Mecrmal Physiology, Dir. - Prof. A. I. Venchikov

Cur studles, conducted on living systems in frogs, have re-

vealed those quantities of lodine in which it enters the systems

"as a trace element (a hiotle factor). In these experiments the

effect of different amounts of iodine (in a potassium iodide base)
was examined, teginning with the smallest amounts in which it
entered the organlem or the environmént, up to toxlc amounts..

The study method presented permits verificatlion of the boundary
hetween 1ts toxlicopharmacologlic actlion and its effect as a trace
element on the organism. .

The indlicated demarcation tetween hiotic éoses and toxico-
pharmacologic ones was traced during investigaticns of the work
capacity o lsolated mlce and In experiments with phagocytosis
during supplement of ditrering amounts of 1odide salt in water
in which frogs were found (Zerasimova, 12¢C, 19€1). 7The sxperlments

oir phagocytoels indicated that fhﬁ ~*feect of 1ncréasing leuko-

cyte activity could be observed with large ccncentrotions of
potassium iodide (200 mg %) as well as with very small concentra-
tions (0.003-0.125 mg 7). The concentration intermediate between
these - 5 mg 7 potassium iodide - harely alt=red phzagocytosis
strength ("inactive zone"). The increase in phasocyvtosis strength
under the influence of potassium lodide at C.125 und C.003 mg ¥%
may be considered as a manlfestatlon of lcdine activity as a trace

element (blotilc factor). BSolutions of pctassium icdide at 20C mg

% behave mainly as a toxicopharmacologlc agzent,



r—.

It is evident, as our latest experiments have indicated,
thzt during prolonsed activity (12-15 days), potassium iodide
soluticns at €.12% and 0.C03 mg % have the effect of increasing
phazoevtesis strength. A 200 mg % solution of potassium iodide
decreases ths phagocyvtosis of leukocytes, which 18 characteristic
of the action of ~eneral, relatively large doses of toxlicophar-
macologic azents (the transition of a stimulating effect to a
depressine e7fect during prclonged use of the glven agent). _

The main area of interest 1s the "inactive zone" which we
ohserved and which 1s the transition houndary between the action
of small quantitizs of 1lodine as a trace element and 1ts effeet
in large Joses on the organism a2s a general toxicopharmacologic
agent. The "activity zoning" of trace elements may be considered
a phenomenon of an organism's harrier function (Venchilkov et al.,
1947; Cherkasova, 1952; Venchikov, 19¢Z).

It is necessary to make clear vhether the "activity zoning"
of iodine" 1is ohserved in warm-blecded animzls during studies
of phagocytosis occurrence,

Method. The eryperim:mnte ware conducted on svinea plgs under
the same conditions fTor experinmsntal 2nu controel rroups. Iodine
(in the form of aqueous zolutlons ¢ neotassiu ieodllde) wae given
to the experimental animals daily per cs in 1 -@mma/kg, 4C pamma/

kg, or 1600 summa/kg quantitiez esch, TWater v siven to the

contrel animals. Thirty ‘ulnua pi o vers mtudled In 211, divided
into three sroups. Phagocvtosls of leukcevies vwag detiermined
according to the method of V. e Almuzcy snd S I. <vntov (10A7)
up to the administration of pctagsium loiids 2nd then 5 -nd 1%

days after the dallyv dose. The dots obtulned wire analyveed ueln:

varizticnal statistics.



Experimental data. After glving. the guinea pigs a B-day
fose from the 1 zamma/ks, 40 gamma/kg, and 1600Cgamma/kg quant-
itles, phagcéytosis occufred as follows., Under the effect of
the larze doses (1600 gamma/kg), a 58.3% decrease in phagocytosis
was noted (¥ (mean)= 24,6, m (mode)s+cr - 5.69, sigma (standard

(signigicant diggerence)
deviation)=17.07, td,=2.89), taking the orlginal amount condi-
tionally at 100 7 (¥= 59.3, m= + or -~ 3.12, sigma= + or - 9.97).
Administration of small dcees (1 gamma/¥g) evoked an increase
in phazocytosis cf the leukocytes (N=1CC.5, m= +or -2.12, -
oigma = 22.69, td= 5.3). An absence of any effect was noted for
the 4C gamma/kg sample (variaticnal statistical indices of the
original amcunt of phagocytosis: M= €4.5, m= +or -7.3, sigmﬁ-=
+ or - 2CG.86). After giving the indicated dose of iodine, M=
61, m= + or -4.37, sigme=<+or - 17,11, td=C.4 (¥ig, 1).

A8 18 evident from the data presented, a 4C gamma/kgs dose
aopeared "inactive". 1In order to verify its "inactivity", we
studied the phagocytosis of leulrocvtes during more lengthy
apnlication (1F days) of the indicated 1cdine dose. The results
of these ohssrvatlions showed the ahsence of 2« varlztlonal
statistically significont effect ¢f the cuantitites of iodine
used. The difference »etween thc cen*rel (N="4.7, m=+or - Te3,
sigma= 4 or - 20.£70) and the experimental - reoups (L=03,7,
m= +or - (.6, sigma= v or -2C.7, rielded ti=C.CE,

The pressnce of 21 "zone of inzctivity" sermitted the con-
gideration that lodine, applied in 1 comma/ks doses, rsives riss
to a stimulatlve action cn »nha-occyteals a2g 2 trxee slenznt
(riotic acent). There exist data in > llteratur:s which show
that under normal condltions, the human or.anlswe neelds icdine in

guantities of arout 1 gamma/kgs or somevhat more per dav (Vevnar
! - ~ i « B ’



1952%).
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Fig. 1. Varklation iIn phagocytosis of leukocytes in guinea pigs
under the influence of different doses of potassium lodide

l. Original amount of leukoecyte phagocytosis, taken as 10C %

2. Phagocytosis of leukocytes over 5 days, after dally doses per
os of potassium iodide, 160C gamma/kg weilpht of iodine, td = 3,89
The same, for 4C gamma/kg iodine, td=C.4

4, fThe same, for 1 zamma/kg iodine, td=5.3

If the amounts indicated are traunsformed for guinea pigs,
a sufficient introduction of 1 gamma/kz, nzaturally, is recuired
to show what we chserved In our experliments. The absence of any

effect from higher doaages (40 gamma/kg) indicates the presence



cf general mschanisms which inhihit the entry of trace elcments
into the organism (phveiological barriers).' Fut just as a regu-

lztory functicn has a 1limit, sco it 1s necessary to suppose that
In the apnlicatieon of large doses, an onposite transformation
occurs in the protective function of the barriers, a penetration
of the azent adminlstered to the Internal systems of the organism
and the onset cof a corresponding effsct.

uestions of the correctly selected doses have a sisnificant
significance in the suc;essful aopplication of trace elements in

animal husbandry =znd medlcine as biotic factors.
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THE EFFECT OF THE ORAL ADMINISTRATION OF POTASSIUM

IODIDE AND THYROID SUBSTANCE ON THE MITOTIC PROLIF-

ERATION AND STRUCTURE OF ACINI IN THE THYROID GLAND
IN GUINEA PIGS *

"' S. H. GRAY AND LEO Loest

(Frm tlw Daparlmnl of Pathology, Waskington University Sclwol of Medicine,
_ St Loms, Mo.)

In previous papers Loeb has shown that, contrary to the current
view, which is that administration of iodine prevents compensatory
hypertrophy, this substance does not exert an inhibiting effect, and
it may even increase the hypertrophy. Thus Loeb observed in a
very extensive series of experiments that the average of hypertrophy
was greater in the jodine-fed than in the control animals.»? This
finding suggests that the primary effect of iodine on the thyroid -
gla.nd is stimulating and that when a depressmg effect is noticed, it
is of a seconddry nature; this conclusion applies to the normal thy-
roid. It appears that if during development of the organism there
is a lack of iodine, this lack may also cause proliferation of the thy-
roid gland and a goitre develops. This proliferation can be prevented
through administration of very small amounts of iodine. In certain
cases the proliferation which has already begun can even be stopped
through administration of iodine. On the other hand, in some in-
stances, administration of iodine to goitrous individuals exerts a
stimulating effect, causing proliferative processes and the appear-
ance of toxic symptoms. Loeb concluded thercfore that the thyroid
tissue may respond to a deficit of iodine, as well as to a surplus of
iodine, with increased activity and in particular with growth pro-
cesses. Apparently the thyroid gland is adapted to a definite amount
of iodine which enables it to function normally, and a diminution as
well as an increase of iodine above this amount may disturb the
normal cell equilibrium and act as a stimulus.?

In continuation of these investigations it seemed of interest to
study the effect of administration of iodine on the intact thyroid

* Received for publication April 6, 1928. :
t We are indebted to Miss F..L. Haven for assistance in thesc experiments.
' 857



258 ' GRAY AND LOEB

gland, in which there is 0 lack of circulating hormone such as is
caused by extirpation of a considerable portion of the gland tissue.
Would administration of iodine under these conditions likewise act
as a stimulus and call forth proliferative processes? In order to de-
termine the effect in a definite and quantitative manner, we esti-
mated the number of mitoses present at a certain time in the thy-
roid gland. We found that by this means we could establish in an
exact degree the stimulating effect of iodine even in the normal
gland.? The depression in activity which takes place at alater period
and under certain other conditions we attributed largely to pressure
effects exerted on the epithelium lining the acini by the material
contained in the lumina of the latter; but there may in addition be
other factors involved. We have reason for assuming such pressure
effects, because previously Loeb has observed in the thyroid of the
guinea pig a breaking through of the walls of adjoining acini and a
flattening of the lining-cells, evidently under the influence of pres-
sure exerted by the colloid material. Thus the colloid of neighboring
acini may form, in the end, one continuous mass; and it is very prob-
~ able that many of the very large acini, which are found especially in
the periphery of the thyroid gland, represent really the result of
coalesced acini. It is probable that whole acini may thus disappear
as a result of pressure and of consequent interference with the circu-
lation.. Similar observations can be made also in cases of human
goitrous ‘thyroids and pictures of this kind have been described
previously by other observers.# Furthermore, differences in the
activity in the peripheral, middle and central zones of the thyroid
of the guinea pig and the resulting differences in the pressures acting
on the acinus cells in these areas are responsible for the development
of these three zones of acini which Loeb described in the normal
thyroid gland of the guinea pig. The factors mentioned, in particu-
lar the pressure exerted on the walls of the acini, explain the relative
flatness of the epithelium in the peripheral acini.

In the experiments to be described we compared the number of
mitoses found and the structural characteristics of the thyroid gland
of normal guinea pigs serving as controls and of KI-fed animals;
each of the latter received daily a dose of 0.05 gm. KI by mouth in
the form of a pill.* In other experiments we fed a tablet containing

" * Infeeding the potassium iodide to guinea pigs care must be taken that the ani-
mals actually swallow the pill.
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o. gr. desiccated thyroid gland (Armour & Co.) to the guinea pigs, -
a different set of animals serving as controls. ) o
We carried out two series of experiments; the first series was made
in April, May and early June, 1926; the second in December, 1926,
and January and February, 1927, for control and potassium jodide-
fed animals, while the experiments with feeding of thyroid gland
were completed in April and in the early part of May, 1927. Thus
we have to deal with three sets of guinea pigs in each series, namely:
() controls, (b) guinea pigs fed with KI, and (c) guinea pigs fed
with desiccated thyroid gland. e

1. Tue NuMBER OF MITOSES

" We shall first discuss theresults obtained in the second series,
because here the method used for the determination of the number
of mitoses was more satisfactory than in the first series. -
SecoND SeRrIES: Five control guinea pigs, six guinea pigs each fed
daily with o.05 gm. KI and four guinea pigs fed with o.r gv. desic-
cated thyroid gland, were studied. The same kind of food was given
to all. At the end of the experiment the thyroid glands were re-
moved, immediately after death by chloroform, and fixed in Zen-
ker’s solution. Sections were cut serially. : o
In every tenth or eleventh section, the mitoses were counted and
on this basis the approximate number of mitoses in the whole lobe
estimated. In some animals an isthmus was present in the thyroid;
it was usually small and not included in our counts. '
(¢) Control Animals: The numbers of mitoses found in one lobe
of each of the control animals were as follows: 104, 80, 143, 63, 9I.
Thus an average of 96 mitoses per lobe or of 192 mitoses in the whole
thyroid, excluding the isthmus, was obtained (see Table I). This
represents the average number of cells which in our experiments
were in mitotic division, at a certain time during the winter months,
in the normal thyroid gland of guinea pigs, the weight of which
varied approximately between 350 and 450 gm. :
() Potassium Iodide Animals: Six guinea pigs which were fed
with KT daily showed an average of 35 5 mitoses in one lobe or 710

. Mitoses in the whole thyroid, excluding the isthmus (see Table I).

The lowest count in this series is more than twice as high as the
average count in the controls and quite noticeably higher than the

- highest count in the control series.
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(c) Thyroig-Fed Animals: In four guinea pigs, which were fed
with o.1 gr. thyroid gland daily for from 18 to 30 days, the counts of
mitoses were as follows: 45, 0, 42, 40. The average count for one
lobe was 32; for the whole thyroid, excluding the isthmus, it was 64
mitoses (see Table I). )

Fest SErES: In the first and larger series, the number of mi-
toses was estimated in a different and less accurate manner than in

TasLE X
Mitotic Activity in Series IT

KI-fed animals Control animals Thyroid-fed animals
e nor | toneg b caps | Mtone® | Sl | ators | Gpins- | Durstiont [y s

10 16 868 | 70(a) 208 233 20 90
o 17 1008 79(8) 160 270 30 o
12 19 962 78 286 ' 250 ':8 84
13 21 v460 57 126 21y 20 8o
14 21 390 58 182
15 a3 572

Averages of mitoses 710 : 192 64

* Mitoses, per whole gland, excluding isthmus.

the second series. In ten sections of the thyroid of each animal, the
mitoses were counted in the central area, characterized by the larger
size of the acini and the greater height of the epithelium. These
central areas were, on the whole, somewhat smaller in the KI pieces,
which were taken out for examination at later periods, than in the
controls.

A larger number of sections were used for estimation of the number
of mitoses in the thyroid glands of animals fed with thyroid sub-
stance than in the others to compensate for the smaller size of the
areas in these thyroid glands. While, as stated, this method is less
accurate than the method used in the later series, still the results
agree fairly well in both and we may therefore consider the results
here obtained as corroborative of those obtained in the second

series.
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() Control Animals: The results obtained are shown in Table IT.
The average number of mitoses counted in these 10 guinea pigs was
2.4. There were variations between o and 7 mitoses in the individual -
cases. The weight of the animals varied between 328 gm. and 870

' Tasie I
Mitotic Activity in Series I R
Guinea-pig no. Weight in grams . ' Mltaef
134 695 wrerii e, S 1
218 660 ...... .. .................... B
104 580 ceeunnnt., ..................... o
345 5IS ceevennnnnn. . SN EEEE
458 620 .......... ..... R T
332(a) 870 viiieiinian.., erieenas reerreeinas o
331 665 .......... i reeee Cieereenns "o
269 T | 650 cuiiiirnnnnnnnnnns MTeenaes ST I o
338 445 «onnnnn... e SOV ‘ 3
265 328 .................. . 4
Average number of mitoses o ‘ 2.4

gm., and the average weight was approximately 550 gm. The thy-
roid glands of these guinea pigs were removed for examination dur-
ing the months of April and May. ‘ '
(0) Animals Fed with KI: The average number of mitoses in all
the animals in this series which were fed with KIis 6.3. The weight
in the KI group varies approximately between 400 and 700 gm.
However, there should be omitted from this list Guinea pig 212,
which had been fed only during a period of 5 days with KI; the
iodine effects were apparently not yet noticeable at this early period.
Furthermore, we should omit Guinea pigs 315, 263 and 22 whose
thyroids were removed as late as 108 days after the beginning of the



262 . i cmAY AND LoEB,

 administration of KI. At thxs time marked retrogressive cha.ngu
had begun in the thyroid gland. Omitting these four gumea pxgs,
the average number of nntoses of the rema.imng 13 g\nnea pxgs is 8 4
-:j(see Ta.ble III) N e
o CTamix IO ST
mum Aciivity in Series I~

L . Klfeoding
 Gulnea-plg no. : w&hzhw ' fopination st | Mitoses
‘212 o ' 1 s 2
- 216, 768~773..... e teerrerneeraneracranes . 8 .8
- axy 865=850....0cnurunn. T - 10 9
- 264 L= T 1 S ..... ,..'..; ....... 12 . 12
: ;.’167 | ‘390-375.......;.“ ...... roaenns 15 8
© 328 5a0-585..... .............. ar 3
268 §20-547. e uennionavivinrananaanans 28 7
" 386 465—5:3....~...;.;.L..; ............. .. 30 [
4 485—600......'....'..', ..... Ceieeensens 0 :
37 535-580. .00 0annes '.'..'. ............... 3 9
306 465505 . +eurennnnnniionnnnnenn 40 4
367 85256085, .0c0eerenncarans seene ...... 40 6
. 300 415485, c0einnnns S S 6o 3
330 393-420......... rreeresrisiaaneanan 60 10
" 315 35 end weight ..... Ceeeiieens e 108 (°
263 6soend weight ........o0vviininneans 108 1
" 22 Srsendweight .......cocovvevinnnns 108 °

Average number of mitoses (omitting Guinea pigs 212, 315, 263,and 22) 8.1




_ . THYROID GLAND ST 263

(c) Animals Fed with Thyroid Gland: Seven guinea pigs were fed
with thyroid substance The results obtained are presented in
Table IV. ' .

The weight in this group varies approxxmately between 500 and
600 gm. If we omit Guinea pig 420 in which, after only five days
of feeding, the full effect of thé thyroid substance had ewdently not

, TABLE IV
: I Mitolic Activity in Series I
- Thyroid feeding
Guseaplano. | Welght fn grams fomrtiongt | Mitoses :
420 §05=502. 1 uerin i rennarerarans s | s B
474 618—595.......:_.. .......... Ceevene el o8 s '
484 £38-615...... Ve i 1o | - T
246 s1oend weight" ...................... 3 | .- 2.
247 i, errreerareeaeas renes 35 o’
1856 555—543 ...... avereans ETTITTTRD : ‘e 43 . o
133 . 630 end weight e 48 x"l
Average number of mitosen (omitting Guinea pfg 420) .- 1.16

yet become apparent, the a.verage number of mitoses in this group
is 1.16. :

Although the absolute number of mitoses is less accurately de-
termined in the first series, it is of interest to compare the proportion
in the number of mitoses in the controls, KI- and thyroid-fed animals
in the first and second series. For this purpose we consider the
number of mitoses in the thyroid-fed series and refer the number of
mitoses in the other series to this unit number. In the first series,
the proportions are as follows: Thyroid-fed group = 1; Controls =
2.1; KI group = 7. In the second series the proportions are:
Thyroxd fed group = 1; Controls = 3; KI group = rr.

While the proporuons found in Series IT are more accurate than
those obtained in the first series on the whole, the results in
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both series agree. The number of mitoses is about three and a half
times as great in the KI group as in the control group, and two to
three times as great in the controls as in the thyroid-fed group. We
may then conclude that during the first three to four weeks, and
possibly even somewhat longer, KI feeding increases definitely and
considerably the mitotic activity of the thyroid gland, and that on
the contrary feeding with thyroid gland dummshes the number of
' 'mxtoses (see Figs. 1 and z)

II. TrE SIZE OF THE Acnn AND OF THE CELLS LINING THEM AND
’ THE CHARACTER OF THE COLLOID :

(a) Conirol Guinea Pzgs In comparing the acuu, the character
l of the acinus cells and of the colloid in the three series we must take
- into consideration the fact that noticeable variations may occur
- even in the control animals. Within the same group of animals the
.-acini and the acinus cells pres>nt considerable differences in size:
In the average control thyroid gland the acinus cells were medium
" tolow, as far as their height was concerned. The colloid was slightly
 retracted; there were many vacuolcs in the peripheral parts of the
colloid; it was of medium con51stency The variations ran from
large and medium-sized acini with low eplthchum and with harder
colloid that was slightly retracted, to acini of variable size, irregular
- in contour with relatively high epithelium and with colloid that was
adherent to the epithelium in various places and separated from the
latter merely by vacuoles.
. (b) Guinea Pigs Fed with KI: 1f we compare the structure of the
thyroid glands of guinea. pigs fed with KI with the condition found
in control guinea pigs, we find, during a period of approximately the
- first four weeks following the beginning of the experiment, no very
decided differences between these two groups of animals. Again
considerable variations in individual cases are present; while in some
animals the average height of the acini cells may perhaps be less
than in the controls, in others it is equal in the two groups, and in
some cases it is even greater in the KI group. In particular, the
thyroid of Guinea pig 10 fed with K1 for a period of 16 days showed
not only a relatively high epithelium but in addition colloid which,
on the whole, was very soft and partly liquefied. This gland resem-
bled the thyr01ds found in some cases of compensatory hypertrophy



TIYROID GLAND : 263

The thyroid of Guinea pig 12, examined after 19 days of daily
KI feeding, showed acini with epithelial cells which were slightly
higher than medium-sized; some of the acini had prominences ex-
tending into the luminae and were irregular in outline. The colloid
varied somewhat in different acini; it was fairly hard in some, softer
and even partly dissolved in others. In a number of acini it could
be shown that the solution was produced, at least in part, through
the activity of cells which phagocytosed particles of the colloid. The
thyroid of Guinea pig 15, after a period of KI feeding extending
over 23 days, was similar, although on the whole, the colloid was
here somewhat harder and slightly retracted. Figure 3 (Guinea pig
328) shows the structure of the gland after a period of 21 days
during which the animal releived a daily dose of KI. The epithel-
ium is of medium height in the majority of the acini, but in a number
of the larger acini it is somewhat flatter evidently owing to pressure
exerted by the contents of the acini on therlayer of epithelial cells.
The colloid appears, on the whole, soft and in'a number of acini it
has been invaded by phagocytic cells which have almost destroyed it.

These examples may serve to show that, for the most part, there
is no marked difference in the size and character of the epithelium
and of the acini between the control and KI guinea pigs within the
first four weeks following the beginning of the KI feeding.

If we now consider the later stages of iodine feeding, we may state
in general that there is a tendency for the acinus cells to become low;
at the same time the colloid may be solid and be present in the acini
in a relatively large quantity, but in other cases solution processes
have taken place in it. There is, in addition, a tendency for the acini
to become larger. These characteristics are quite definite in the
specimens examined 108 days after the beginning of the feeding
with KI. Fig. 5 (Guinea pig 315, fed with K1 during a period of
108 days) illustrates this stage very clearly. The acini here are large,
the epithelium is very low and the walls are thin. What is left of the
colloid is very markedly retracted, much more so than in the earlier.
stages or in the control specimens. This marked retraction is prob-
ably a result of the action of fluid on the colloid and indicates soften-
ing processes which have taken place in this substance in certain of
the acini. There is very little doubt, however, that pressure has been
exerted on the walls of the acini by the colloid, or by the substances
Produced from the colloid through solution processes, and that this
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pressure is largely responsible for the greater size of the acini and
for the flatness of the epithelium at this period. In addition, we may
assume that such an increase in pressure will lead to an interference
with the circulation in the spaces between the acini. As a result of
the increased intra-acinar pressure, which exists in the later periods
of K1 feeding, we find here and there that the walls of adjoining acini
are flattened and broken through. Thus smaller acini may be united
formii.g larger ones and, as Loeb has stated previously, the very
large acini have been produced in many cases as the result of this
secondary union of adjoining acini. The colloid of such acini may
at first be united by a bridge passing through the openings in their
walls, but it may finally form one connected mass. A transition to
this condition is found in Fig. 4 (Guinea pig 37), where as early
as 30 days after beginning the KI feeding some of the typical effects
of the later periods of iodine on the thyroid gland are becoming
noticeable. The acini are large, the colloid is correspondingly great
in quantity, but still rather solid. The acinus cells, while on the
whole fairly low, are distinctly higher than at later stages. The
colloid here does not show the marked retraction seen in Fig. s; in
various places it still adheres to the wall of the acinus.

(c) Effect of Thyroid Feeding on the Structure of the Thyroid Gland:
In the first week of thyroid feeding no definite differences were seen
between the structure of normal glands and the glands of the thyroid-
fed animals. From the tenth day on, there was on the whole, per-
haps, a tendency on the part of the acinus cells to become somewhat
flatter and for the colloid to be rather solid; th. acini were, on the
average, probably somewhat smaller than in the controls. However,
these differences as a rule were not very pronounced and not present

‘in all cases. The latest term at which the gland of a thyroid-fed
‘guinea pig was examined by us was 48 days.

We shall cite as an example, the findings in Guinea pig 247,
examined after 35 days of thyroid feeding. The acinus cells are here
very low; the colloid is hard, almost entirely detached from the wall
and rather markedly retracted. In some places the walls separating

_two adjoining acini have become very thin and they have the ap-
pearance of being ready to break through. Similar pictures of the
rupture of walls of neighboring acini occur in thyroid glands in other
instances and even in the thyroids of control animals, also wherever
there is pressure exerted on the tissue separating two acini; this
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process is therefore a.ssocxated with flatness of acinus cells in the
area in which such changes are taking place. The majority of the
acini represented in this example are still relatively large, and in
this respect the picture does not pethaps represent the avera.ge ﬁnd-
ings in the glands of thyroxd-fed gumea plgs S el

III. O~ Cnnmm SECONDARY CHANGES IN THE Txmiom GraND )

In a number of cases we found small accumulations of lympho-

cytes in the stroma of the thyroid gland. Furthermore, not infre-
.quently, we observed phagocytic cells in the colloid of acini; these
take up small particles of colloid into their cell bodies and here de-
stroy it; as a result of this process the colloid may assume a honey-
combed appearance. Colloid was also seen, in certain cases, in the’
interstitial connective tissue that separates the acini. The latter
condition seems to depend on the destruction of the walls of some
acini, perhaps as the result of pressure, and the subsequent escape
of colloid into the interstices of the stroma. However, in interpret-
ing such pictures, we must be aware of the possxbxhty that colloid
may be artificially squeezed out from the acini into the connective
tissue spaces and we have to dxstmguxsh between these two occur-
rences. -
If we now compare the three groups of guinea pxgs as to occurrence
and frequency of these changes, we find that the latter condition may
be seen in all of them; the phagocytic activity, however, seems to be
more pronounced in the KI-fed animals than in the controls.

-

DiscussION

Our experiments have thus shown that in the early stages of ad-
ministration of iodine to normal guinea pigs, the number of mitoses
is quite noticeably increased in the acinus cells of the thyroid gland
and we may therefore conclude that iodine exerts primarily a stimu-
lating effect on this gland. While we believe that the number of

glands which we have examined is sufficiently large and that the
results are sufficiently concordant to justify a general conclusion
“concerning this formative stimulation exérted by iodine in the case

of the guinea pig, still we do not consider our observations will per-
mit us to draw definite conclusions, as yet, as to the intensity of the
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increase in cell proliferation, which we find here as the result of
iodine feeding, or as to the average number of mitoses found in
normal thyroids of guinea pigs. Further investigations, which are
being carried out in our laboratory at the present time, may be ex-
~ pécted to determine these conditions more definitely.

Of special interest in our investigations is the difference which we
found between the action on the thyroid gland of iodine feeding and
of the feeding with thyroid gland. Our observations in this respect
correspond to the differences established in the influence exerted by
these two substances in compensatory hypertrophy of this gland
where feeding with thyroid (and to a lesser extent also with anterior
pituitary gland) depresses, whereas feeding with KI stimulates, the
proliferative processes in the acini. We may explain the difference
between the action of these two substances in the following way:
Feeding with thyroid gland introduces an excess of the hormone
-into the circulation and produces the effects observed in the thyroid
gland of the animal. Such effects are the opposite of those which
follow operative removal of a considerable portion of the thyroid

~gland tissue; the latter procedure leads to a diminution in the circu-
lating hormone and stimulates.growth processes in the remaining
part of the thyroid gland; the former procedure depresses the activ-
ity of the gland, the function of which is now no longer needed and

" which might even become injurious. On the other hand, the admin-
istration of iodine is not identical with the introduction of ready-
made hormone; in the former instance a substance has been intro-
duced which is able to initiate the production of hormone in the
gland cells, and it is apparently this stimulating process, set in
motion by iodine, which also induces the gland to proliferate; this

" phase of action is necessarily lacking if we introduce the hormone

"as such. In a subsequent phase, when possibly an excess of hormone

“has been produced as a result of this stimulation of the thyroid
gland, there may perhaps be added to the primary stimulation ex-
erted by iodine, a secondary inhibiting effect due to the presence of
an excess of hormone which may thus, secondarily, cause a depres-
sion in tlie activity of the gland.

However, whether this secondary inhibiting effect of hormone
‘action comes into play at a certain stage and thus causes a depres-
sive action we must consider problematical at the present time. On
the other hand, there are definite indications that pressure is exerted
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on the walls of the acini which produces the flattening of the epi-
thelial cells, the enlargement of the acini, and in many cases the
perforation of the wall of adjoining acini. . And we may attribute to
this factor, at least in part, the decrease in activity found in later
stages of KI administration. This pressure is due to the action of the
unchanged or partially liquefied colloid which is not removed from
the acini of the gland in the same active manner in case of KI feed-
ing, as it is in the condition found in cOmpensatory hypertrophy
where the removal of thyroid gland tissue, in some way, leads to a -
mobilization of the colloid and where thus neither the colloid as such
nor the substance into whxch the colloxd is secondarily transformed
is able to the same extent to exert pressure on the inner lining of the
acini.

The results formerly obtained by one'of us concerning the effect
of iodine on compensatory hypertrophy of the thyroid gland and his
conclusions as to the primarily stimulating effect of iodine on this
organ, as well as our present results regarding the effect of iodine on
the normal gland, are at variance with the widely accepted view
that jodine in general prevents proliferative changes in the thyroid
gland and produces a quiescent condition of this organ. According
to Marine and his collaborator,® after once a goitrous proliferation
and metabolic hyperactivity have started in the thyroid gland, ad-
ministration of iodine leads to the production of an increased amount
of colloid in the acini and thus ultimately a colloid goitre is pro-
duced, which under these conditions represents the ultimate resting
stage of the abnormal gland.

SuMmMARY

1. Oral administration of jodine to guinea pigs markedly in-
creases the mitotic activity in the thyroid gland durmg the first
three to four weeks.

2. This first phase of increased act1v1ty is followed by a second
phase of depression, which is accompanied by definite structural
alterations in the thyroid gland. We find indications that this second
phase is at least partly due to pressur: cxerted by the contents on
the walls of the acini.

3. In contradistinction to the effect of potassium iodide, admin-
istration of thyroid gland substance i is not followed by a phase of
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stnmulauon, but in thm cnse, thhm the ﬁrst two weeks, a penod of
depression sets in which may be accompanied by certain structural
changes in the gland.  As the result of thyroid feeding the mitotic
actmty is dummshed as compared mth tha.t found in the oontrols
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F1é. 1. Guinea pig 11. 17 days KI feeding. Central part of gland, showmg
- two maitotic figures, tall eplthelmm, softening of colloid.

Fre. 3. Guinea pig 11. 17 days K1 feeding. Periphery of gland, showmz two .
"’ mitotic figures, one in center alightly out of focus. The epithelium is fmly

high.



Iodine Balance Studies and the Availability of Iodine
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Less is knnown about the fate of i iodine in the intestinal tract than about

its urinary excretion and its paths into and cut of the thyroid gland. This
i3 perhaps surprising in view of the importance of intake and availability
of iodine in determining the development of non-toxic goiter, one of the
The main reason for this lack
i the very small quantities of
1y erennic material. Data provided
ete “ccause they are short-

worid’s commonest deficiency diseases,

Cmp
corm and becauce o cife act in the ziood and feces are con-
1 caonging.

ce studies of stable
arke, in patients with normal

o -arried cut met’

‘sions of i

~crinn. This has cnabled us to assess the relative

<

5@

RIS

endozenous sources of jodine in the feces.
o mont important cletary souirce of iodine is fish, we have
of iz¥ne from ingested ﬁsh and its chemical

in a motabolic werd, Dietary intake of iodine
5 to 40 ug per <2y, and the iodine intake was
3T ~iod with tablis of potassium iodide to bring it to a total of
100 ux zer dav; errors due to dietary variation were there-

A low intoke was choscn since small changes in fecal
“ma zoomoiienm can e more easily observed. 10 days were allowed for

s hiciota {ow level o

7y

= afeer which 2 cr more balances were carried out with com-
2te :tions of urine and feces. These balance periods averaged 6 days
2.0 wome was less than 3 days.

5

S

242 M. T. HARRISON ET AL.

To determine the iodine ¢ontent, fecal and dictary samples were homo-
cenized and desiccated. A portion was then ignited in a Gallenkamp
bomb calorimeter and the liberated iodine dissolved in a normal solution
lo8tne was «letermined in this
colution and also in urine and serum by chloric acid-digestion method of
Farrell and Richmond (1).

Fic. 1 shows the values of tecal and urinary iodinc excretion in 7 indi-

of sodium hvdroxide inside the bomb.

The mean tecal excretion
was 15.0 ug of iodine per Jay, and urinary iodine averaged 61.8 pg day.
Figs. 2 and 3 show the iodine baLmu Jdata in 5 patients with thyrotoxi-

viduals whose thyroid function was normal.

cosis. The mean fecal iodine excretion was 37.2 ug day, and urinary
IODINE EUTHYROID
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Fig. 1. Fecal and urinary excretion of iodine by euthyroid individuals on intake of
92 ug. iodine per day.
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53.6 ug day. Fecal levels were significantly higher than normal in the
thyrotoxic patients (p - 0.005). :

Fig. 4 compares the mean iodine balance data in 3 patients with hypo-
thyroidism with the mean valucs in the cuthyroid individuals. The level of
fecal iodine was low in the hypothyroid patients, while urinary excretion
of iodine was normal in two patients and high in the third.

IODINE
(ug/day)  Normal Hypothyroid

0

- 204 ’ 1

40

604

_—

804

\\\

% _ , -

Fig. 4. Mean iodine balance data in euthyroid and hypothyroid patients.
*

Fig. 5 shows the iodines balance data in two patients with non-toxic
goiter, probably due to iodine deficiency. These patients are in strongly
positive iodine balance, with low levels of urinary iodine, while fecal
levels are within the normal range.

These results indicate that, on a fixed dietary intake, fecal excretiqn
of iodine varies with thyroid activity. The patients with thyrotoxicosis
excreted significantly more iodine in the feces than normal, and the pa- °
tients with hypothyrqidism had low levels of fecal iodine. Urinary iodine
excretion was not significantly different from normal in the thyrotoxic
and hypothyroid patients. The patients with normal thyroid function
were, on the average, in positive balance by about 15 yug/day when their
iodine intake was 92 ug/day. The thyrotoxic patients on the other hand
as a group were in equilibrium, although in one patient, the most severely
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chronic negative iodine balance will result in deplerion of the body’s
stores of iodine, and this may bc an explanation of the low levels of plasma
inorganic iodine which have been observed in thyrotoxicosis (2).

The parients with non-toxiz goirer probably due to iodine deficiency
had normal levels of fecal iodine excretion but low urinary iodine, so that
they were in strongly positive balance. In states of severe iodine defi-
ciency, however, this relatively constant fecal loss of iodine might lead to
a depletion of the body’s icdine stores. Our results suggest that fecal
iodine excretion is dependent on the secretion rate of thyroid hormone
and is partly derived from it. As long as the secretion is maintained at a
normal level by the thyroid, there is an inevitable loss of iodine in the
feces even if intake of iodine is low.

Endogenous thyroid hormone may not be the sole source of fecal
iodine, however, and there is little information on the absorption and
availability of the iodine present in foodstuffs. We have therefore studied
the nature and fate of iodine in fish, which is the principal source of iodine

-
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in Great Britain, since iodized salt is not widely used. Haddock and plaice
were the fish studied. The plaice were injected with 100 uc of 1 into
the celomic cavity, and by 43 hours the radiocactivity was distributed
throughout the body of the fish. The tlesh was then divided into weighed
portions, mixed with potato, and fried. The portions were fed to patients
whose feces and urine were collected over the next 5 days.  Storage of
radiviodine by the thyroid was prevented by carbimazole given throughout
the collection period. In 10 patients, radioactivity in the feces was be-
tween O and 1, in every case, and in the patients whose urine collections
were complete over 80°,, of the activity was recovered in the urine over
the 5-day period. It is ¢oncluded from this that the iodine in fish is com-
pletelv absorbed from the alimentary tract.

It seemed desirable to find out whether any losses of iodine from fish
occurred during the process of cooking. Portions of haddock were cooked
by boiling, grilling or frving, and the concentration of iedine measured in
the raw fish and after cooking (Fig. 6). This figure shows that substantial
losses occur, particularly on boiling, where 50 to 82°, of the iodine was
lost. The iodine in these cases is lost either into the water used for boiling
or in sediment from small fragments of the fish. When fish is grilled or
fried the losses are smaller, averaging only 20°,. These studies were also
carried out on plaice and similar findings were obtained.

As a result of these losses considerable errors will arise in dictary
surveys if the intake of iodine is calculated from tables which give the
iodin€ content of uncooked foods. We have previously observed that
the iodine intake in a Glasgow population estimated from tables was con-
siderably higher than the urinary excretion of iodine (3), and the losses
during cooking are a likely explanation for this.

The chemical nature of iodine in the fish was studied by measurements
both of stable iodine and of radioiodine injected into the live fish 48 hours
before. Portions of the flesh were homogenized in a Waring blender and
centrifuged. It was found that the entire iodine content remained in the
supernatant. Tests were carried out on this iodine which showed that
it was all inorganic. It was not precipitated by trichloroacetic acid, and
none was eluted from Dowex 1 resin at pH 1.4, the pH at which thy-
roxine and triiodothyronine appear. It was not soluble in butanol after
washing with 4N-NaOH, and it was completely dialyzable. The level of
inorganic iodine in the serum of the fish was also measured and was the

.same as that in the flesh, approximately 1,500 ug%. The finding that all
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CONCLUSIONS

Fecal iodine levels vary with thyroid function,” and on an intake

‘of 100 pg'day the iodine is mainly derived from endcoenous thyroid

hormone. In thyrotoxicosis, levels of fecal iodirne are hirh ard in hype-
thyroidism they are low. In iodine deficiency, loss of iodine in the feces
may be an important factor in depleting the body’s iodine stores. In
fish, the most important source of icdine in Scotland, all the iodine in
the edibleFparts is absorbed after ingestion. Significant losses of iodine
occur during cooking, however, and this is important in calculating the
dictary iodine intake. .The iodine is all present in inorganic form.
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Effect of Potassium Jodide on Plasma Cholesterol of Rats. (21587)

Ricuarp S. Homer,* (Introduced by Meyer Friedman.)
From Harold Brunn Institute, Mount Zion Hospital, Sen Francisco, Calif.

Liebig(1) observed that administration of
iodides (organic or inorganic) to cholesterol
fed rabbits appeared to protect them against
occurrence of atherosclerosis. This observa-
tion has been confirmed by various observers
(2), although there has been some disagree-
ment(3). Whatever this mode of protection
against atherosclerosis might be, it seems that
relative protection of such rabbits against
hypercholesteremia is one of the preventive
factors(2,4). It is only fair to add that some
workers have not found this hypercholester-
emia protecting effect of iodides in rabbits
(3,5). The possible critical importance of

* Public Health Service Rescarch Fellow, of Na-
tional Heart Institute, National Instilutes of Health.
Aided by a grant from Life Insurance Medical Re-
search Fund.

dosage(6) may be the reason for these dis-
crepancies. Moreover, this antihypercholes-
teremic effect of KI could not be confirmed
when chickens were used(7).

Since there appear to be fundamental dif-
ferences in cholesterol metabolism between
rats and rabbits(8), it was decided to study
the effect of KI on plasma cholesterol of rats
under various conditions. As a preliminary
step, we determined the effect of KI on plasma
cholesterol of rats deprived of external sources
of cholesterol.

Methods. Male Long-Evans rats approxi-
mately 12 weeks old were divided into 3
groups and placed on fat and sterol-free divt
for the duration of the experiment. After 24
hours on this diet, all rats were bled from the
tail for initial plasma cholesterol determinit-

Proc. Soc. Exptl. Biol. and Med. 88(3)354=1256. 1955

Reproduced by permission
of the copyright ownet



TonipE AND Prasma CHOLESTEROL

TABLE 1. Effect of Tube Feeding KI, H,0 and
KCl upon Plasma Cholesterol of Rats on Sterol
Free Diet.,

Avg plasma cholesterol
First day -
Third

pre-tube
Material No. of feeding, day,
- fed rats  Avgwt,g mg/100¢cc mg/100ce
TKI* 2 230 18 92
(180-260)§ (33-67)  (67-130)
) + 218 345
H.,0t 23 232 44 60
(108-262)  (20-65).  (42-89)
+ 2.43 + 2.53
KCl} 10 220 51 64
(192-232)  (37-59) (48-74)
+ 293 + 2,81

* KI == 200 mg/day (1 ce), 3 days.
t H,0 =1 ce/day, 3 days.

} KCl = 200 mg/day (1 ec), 3 days.
§ Range of values,

|| Stand. error of mean.

tion, Beginning that day and for 3 days, the
rats were anesthetized and fed test materials
" by stomach tube. The experimental rats were
fed 200 mg KI (200 mg/cc) daily; control
rats received 1 cc H,O daily; and the third
group received 200 mg KCl (200 mg/cc)
daily. Three hours after the last tube feed-
ing (third day), the rats were again bled for
.plasma cholesterol determination.

Results. The change in plasma cholesterol
concentration following tube feeding of the
3 test materials is shown in Table 1. Al-
though plasma cholesterol concentration rose
significantly in all 3 series, after feeding pe-
riod of 3 days, plasma cholesterol rise in the
series given KI was consiccrably greater than
in the other 2 series. The series given H.O
exhibited about as great a rise (16- mg/100
cc) as that observed in the series given KCl
(13 mg /100 cc). The rise of plasma choles-
terol observed in rats given KI was 44 mg/
100 cc. The difference in the rise of plasma
cholesterol between rats given KT and either
of the other two groups is statistically signifi-
cant well beyvond the 19 level.

Discussion. Tt appears safe to conclude
that the rise in plasma cholesterol following
feeding of KT to rats, as described, is of such
magnitude that jodide must be considered as
an important hypercholesteremic agent. The
slight rise in plasma cholesterol after admin-
istration of either KC! or H,O alone is most

355

likely due to non-specific factors such as re-
peated anesthesia, intubation, and dietary
change rather than to substances fed. Turner
also was unable to show any effect in rabbits
with halides of potassium other than iodide.
This seemingly paradoxical hypercholester-
emic effect of KI is perhaps not too unexpect-
ed in view of the fact that Turner and Bidwell
(9) and Meeker, Kesten and Jobling(10)
have demonstrated that administration of KI
could maintain a.hypercholesteremic state in
hypercholesteremic rabbits, even after re-
moval of dietary cholesterol. Although the
actual mechanism by which iodides exert
their effect is still unknown, many workers
(2,3,6) have held that iodides produce their
effect by altering thyroid function. On the
other hand, other studies have shown that the
effect of KI is unchanged in thyroidectomized
rabbits(4,11). If the hypercholesteremic ef-
fect of KI in the rat were due to its action on
thyroid, then appropriate changes in hepatic
synthesis, destruction and intestinal excretion
of. cholesterol, as found in deranged thyroid
states(12), should also be found in KI fed
rats. Such possible changes, together with
possible alteration of the physical state of -
plasma cholesterol as observed after adminis-
tration of Triton WR-1339(13) and cholic
acid(14), are now under investigation.

Summary. Evidence is presented which in-
dicates that KI (200 mg/day for 3 days),
when administered to rats on a sterol free
diet, produces an hypercholesteremia of mod-
erate degree.
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The Minimum Dose of Potassium Iodide which Inhibits the
Thyroidal Radioiodine Uptake

From the Athens University Department of Clinical Therapeutics (Prof. B. Malamos)
' ’ “ Alexandra® Hospital

‘D.A.KoutrasandD.Livadas A o

(Received: 15. 2. 1966)

There arc occasions on which it becomes desirable to inhibit the trapping of
radioiodine by the human thyroid. The need for this arises often during studies
with 1I-labe!led serum albumin or other compounds labelled with radioactive
isotopes of iodine, since in these procedures it its important to make sure that the
racioisotope released from the breakdown of the substance studied will not
accurulate within the thyroid gland. Poisoning with radioiedine following 2
nuclear explosion or accident is another indication for inhibiting the uptake of
this isotope by the thyroid (10). If the radioiodine is prevented from accumulat-

‘ing in the gland, then most of it is excreted with the urine in one or two days,

2nd so the radiation exposure is minimised. .
Pochin and Barnaby (8) have shown that administration of 200 mg of potas-
sium iodide inhibits the trapping of radioiodine by the thyroid. After the ad-
ministration of this amount of stable iodide the thyroidal uptake curve does not
rise any more. This dose of 200 mg is thus effective in blocking the radioiodine
uptake, but it is not known whether smaller amounts of stable iodide are equaly
effective. So, it may be useful to find out which is the minimum amount &
potassium iodide which shows the matimum effect, i.e. a more or less complete
inhibition of the radioiodine uptake. This forms the subject of the present paper

Materials and methods

. . L ool
The thyroida! radiciodine uptake was measured 2 and 24 hrs after an oral tracer dozz
21 Gl as doseribed previously by Mdlamos et al. (6). - L
A3 e sobijects investigated were adulis of cither sex, without evidence of thyrov
o w3 ¢ el o affect fodine metabolism, Ten persons acted as a control grovh wes
creons.

st cen oxperimental groups, each of them consisting of six p
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The comura!
38 .1 :'1 adi . TI;'J Was i
cther added to the tracer dose or drunk at u.o'.::r i;::c vl
five groups: recaived porassium isdide simultznsously
or 80 mg, two other groups reccived 40 or 82 .“g 2
received 40 or 80 mg 12 h before, together with 10 S
and finally one group received 40 mg of KI ore hour 2

Groug

Results

The results are summarised in Takle I Together with the mea
also shown the median, which in most groups d::s not Jiffis ;
mean. This is evidence thar statistically the distributicn cf tha i
does not differ significantly from a normzl one.

Table I: (Results)

2 h Uptake © | 24k Upiahic ™y
Mean | S.E 3, Medizn | Mean S.E. | Mozien
Control 9.6 2.1 5.6 ’ 321 3301 a2
L. 5mg KI with tracer .4 2.0 st 12 b2y} otis
2 12 mg K1 with tracer 5.9 25 68 | 49 2+ 0 a5
! ; 1
3. 2 mg KI with tracer 6.1 3.7 5.3 i N S R
% 43 mg KI with tracer b 9 42 20 oos coar
} H N
5. 88 my KI with tracer 4.1 L7 ER - !
. - i { !
6. 4C mg KI 2 h before 36 1.2 3.3 [ - R
tracer i ; ; !
. 1 ~ ' vz
7. 9 mg KI 24 before ;26 ; cé 3¢ | 14 b T4 A
recer | : i | ‘:
843 mg 12 h bofore . 1.8 s |, 13 | T o O 2t
and 10 mg with tracer ) | I [ i
983 mye 12 |1 before Lz, o8 s o2r b e o e
. t i '
nd 19 mg with tracer ] f ; ; i
=30 mg KI1 h after 97 1 19 1wy L ose o221 ez
fracer - ; ! | '
| ! ! ‘
Th mean 2-h upakeis b T
P one raking 40 mg of E' 1 r e s
‘~~AC“le sign! fgﬁn: ar the 5"’,0 evel for ehr trer cheol geooen wlet Ioql
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25 mg, but it is so with respect to all the other experimental groups except
group 1¢. However, since the values of the groups taking 5 to 20 mg KI are
interraediate between the control group and the groups taking 40 or 80 mg, it is

poscible that even the dose of 5 mg may have a small effect on the 2-h uptake,
v.'m'h can not be firmly established from the present results.

Tablz I does not show a significant difference between the effect of 4C or
80 mg KI on the 2-h uptake. The lowest values are obtained in the groups
receivirg 4C or 80 mg 12 h before and another 10 mg simultaneously with the
tracer dose. Although the difference with the groups taking only 40 or 80 mg
simultaneously is not significant, it is nevertheless suggestive (for groups.4 and
8t = 173,010 < p < 0.20).

The 24-h 311 uptake is definitely depressed in.all the expenmental groups,
and even the difference between the control group and the group receiving only
5 mg KI is higly significant (t = 4.64, p << 0.001). There is no clear advanmgc
of doses bcyond 20 mg, though the group receiving 40 mg 1 h after the tracer
dose shows again a smaller depression of the 13!I uptake than the other experi-
mental groups. ’

An interesting finding is that the groups receiving 10 mg or more of KI
together or after the tracer have a higher uptake at 2 h than at 24 h.

134

Discussion

The thyroidal radioiodine uptake is normally inversely related to the plasma
inorganic iodine (PII) level (3). The minimum dose of potassium icdide whidh
raises the PII to levels high cnough to depress the thyroid uptake to virtuaily
zero is 3.3 mg daily (1C) or 2 mg per m? of body surface per day (9). The depres-
sion of the thyroid uptake, however, does not occur immediatcly after raising
the PIi. Koutras et al. (4) have shown that the maximum effect of 0.2 mg KI
daily occurs onlv after 8 weeks of continuous administration, whereas 2 weeks
are sufficicnt when 0.8 mg are given daily. With 3.3 mg/day the depression is
more near!lv complete, but still sev;ral days are required for this.

The present work showsthat lafger amounts of KI given in a single dose have
a prompt and reliable effect. The minimum dose required is of the crder of
t> mg There is no clear advantage of administering larger doses, c.g. 80 o
S0 mg.

However, with any dcse there still is some radioactivity detect:blf’ int
reck, as shown in the present results. This is probably due to the extrath Lyroids-
neck radioactivity (radiciodide in the plasma etc.) and possibly alse 1o i it
trorped by the thyroid but not bound organically (10).

s
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The fact that large doses of stable iodide may 2¢t 25 a thiourac)! yoe g
and irhibit the binding of icdide in the thyroid kas been Loowrs o - :
(10). Wolff and Chaikoff (11, 12) have shown that the thy=cld glond of - oim
receiving large deses of iodine traps iodide witheu: bindlug b consd
similar defect in organification is found in iodide-treazad tiyrotonis
in iodide-induced geitre (7). Furthermore, recent wozk in hus.:
smaller doses of iodide, has shown that this is 2 mose or less un
enon (1, 4), and that the thyroid even normally dows nsz & :
trapped (5). It seems that the proportion of icdide, whisy is bennd alr

rapped, is inversely related to the PIT level (1), This iccids trapsed

Smer il lew .

bound, leaves rapidly the gland, and so the thyrcidal cpizle curve mo loe

a high initial peak followed by a rapid decline, This, together nieh eho fuzmsr -7

cw hbeeive L a

the extrathyroidal neck radioactivity, offers an adeguare auplance
resules reported here that in some groups the 2-h thyroid upake i
the 24 h value.

Although 40 mg of KT inhibit rapidly and campletely th
this effect may not be a long lasting one, since the excgenous iod!
is rapidly excreted with the urine. For this reason it is concle
desirable to inhibit the thyroid uptake of radiciodine, the mizimrm amovns of
KI required is an initial dose of 40 mg together with 2 maintenzne:
has been shown elsewhere to consist of a minimum of 3.3 mg dally
doses (10). In this way the inhibition of the thyroid uprake is bo:
maintained, Larger doses of iodide are not required, aad their usa
discouraged. In addition 1o side effects, such as iodism or icd

[%]

ide o
ide gl
render impracticable for a longer time pericd the asseczmient of ¢

with either radiciodine or chemical PBI estimations, if this becomos macesss

The thyroidal vptake of ! was measured 2 and 24 !
dose in 60 persons }eccix'ing porassium fodids in doess raze
The resules show that 40 mg of KI is the minimal dess . Fig
©mplete inkhibition of thyroidal uptake. In cases when -
Y}Odf entircly the uptake of radioactive sotosss of inding by
Al should be given in an i~itial dose of 49 mo, with
dose of 3.3 mg/day.




b0
Résumé

La fixation thyroidi¢nne a éié determinde aprés I'administration orzle duse
cose traceuse de %' 2 60 personnes qui ont regu de Iiodure de porasse & dos.s
variantes entre 5 et 80 mg. Les résultats ont démontré que 40 mg de liodur. de
potasse est la dose minimale qui est nécessaire pour une inhibition complite de 1z

fixation thyroidiénne. Dans le cas qu’une inhibition compléte et permanente de-

la fixation thyroidiénne des isotopes de Piode est jugée nécessaire, liodure de
potasse doit étre administré i une dose initiale de 40.mg, suivie par une dose
d’entretien de 3.3 mg par jour. B

Zusammenfassung

Die Schilddriisen-Aufnahme wurde 2 und 24 Stunden nach Verabreichung
ver 1] an 60 Personen, die Kalium-Jodid in steigenden Dosen von 5 bis 80 mg
ernielten, bestimmt., Wie aus den Ergebnissen hervorgeht, ist 40 mg KJ die
kleinste Dosis, die fiir eine vollstindige Unterbindung der Schilddriisen-Auf-
nzhme notwendig ist. Im Falle, daf} eine dauernde Unterbindung der Schild-
drisen-Aufnahme radioaktiver Isotopen des Jods gewiinscht ist, sollte Potassium-
Jodid in einer Anfangsdosis von 40 mg, gefolgt von einer Erhaltungsdosis von
3.3 mg tiglich, verabreicht werden.
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Effect of Orally Administered Potassium Todate on Blood Sugar Response

to Thiourea.*

(17777)

Davip E. MannN, Jr. (Introduced by W. A, Hiestand)

From the Department of Biological Sciences, Purdue University, Lafayette, Ind.

The profound influence which goitrogenic
drugs may exert on carbohydrate metabolism
has recently been demonstrated. DuBois,
Holm and Doyle(1) observed a marked
hyperglycemia with concurrent depletion of
liver glycogen 234 hours after intraperitoneal
injection of alpha-naphthylthiourea (ANTU)
in adult rats. Previous administration of
large doses of cysteine (1000 mg per kg)
afforded protection against lethal doses of
the goitrogen. Griesbach, Kennedy and
Purves(2) have demonstrated that iodide
injection in doses of 1.30 mg every fourth day
into rats protected them against thiourea
toxicity. Byerrum(3) likewise demonstrated
the effectiveness of iodine, either as Lugol’s
solution or as potassium iodide, in protecting
rats against the toxic effects of ANTU.

The purpose of this experiment was to
determine the effect of orally administered
potassium iodate on the blood sugar response
of rats injected intraperitoneally with thiou-
rea. :
Experimental. 24 rats of both sexes of the
Wistar strain were separated into 2 groups

of 12 each. Rats of Group I (Table I) rang-
ing in weight from 148 to 398 g were bled from
the tail and glucose concentration determined
by the Folin-Wu micro method, after which
thiourea (10 mg/kg) was injected intraperi-
toneally. A second bloed sugar determination
was made 2%% hours later.

The 12 rats in Group II (Table II) rang-
ing in weight from 147 to 392 g received
0.2% potassium jodate in their drinking water
ad libitum for 2 days, after which blood sugar
determinations were made as in Group I.
Then thiourca was injected intraperitoneally
as in Group I (10 mg/kg) and a second blood
sugar determination made after 234 hours as
before. V

Results. 'The 12 rats in Group I receiving
only thiourea showed an average rise in blood
sugar of 91.0 mg per 100 cc 2145 hours fol-
lowing injection. Rats in Group II which
had been fed 0.2% KIO; when injected with
thiourea at the same dosage level as those in
Group I showed an average blood sugar in-
crease of only 14.6 mg per 100 cc. Statisti-
cally the results are significant, the f-value

i TABLE I .
Effect of Thiourca on Blood Sugar Level of 12 Non-fasted Rats. Second blood sugar reading
(B) was taken 2% hr after rats received 10 mg/kg thiourea intraperitoncally.

. Wt Blood Sugar (A) Blood Sugar (B) Difference
Sex g mg/100 cc mg/100 cc (B-A)
M 319 ! 90 165 75
M 387 90 187 97
M 398 86 165 . 79
M 358 86 117 31
‘M 148 83 225 142
F 322 86 165 79
F 372 90 186 06
F 348 79 165 86
F 324 66 140 74
F 317 79 300 221
F 342 109 140 31
F 168 105 186 81

Avg Blood Sugar Incr. o1

* This work was aided by a grant from the
Turdue University Alumni Research Foundation,
1. Duleis, K. B3, Ilolm, L. W,, and Doyle, W,
L., Proc. Soc. Exe. Bion, aNp Mep,, 1046, v61, 102,

2. Griesbach, W. M., Kennedy, T. H, and
Turves, 1L D., Nature, 1944, v154, 610,

4. Byerrum, R, U, P'roc. Soc¢. ¥xr. Brok. AND
MEn., 1946, v6£, 328,
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Effect of Thiourea on Blood Sug
reading (B) was taken 2%

Lactobacillus bulgaricus FACTOR

TABLE IL

ar Level of 12 Non-fasted Rats Previously Fed KIO,. Sugar
hr after rats received 10 mg/kg thiourea intraperitoneally.

Wt Blood Sugar (A) Blood Sugar (B) Difference
Sex g mg/100 cc mg/100 cc . (B-A)
M 383 63 79 16
M 392 59 86 27
M 366 76 90 14
M 333 90 93 3
M 319 63 97 34
F 285 93 105 12
F 315 105 122 17
F 186 102 97 —5
F 147 69 86 17
M 193 83 97 14
M 201 90 97 7
M 130 73 20

" 93
Avg Blood Sugar Incr. 14.7

of 5.16 indicating less than one chance in a

thousand of the results being accidental.

Summary.

Oral administration of potas-
sium iodate for a 2-day period in drinking

water prevented the hyperglycemia which
followed thiourea injection in rats.

P.S.EB.M., 1930, v73.

Recoived March 8, 1930.



THE EFFECT OF SMALL DOSES OF POTASSIUM 10DIDE
ON THE THYROID GLAND OF THE GUINEA PIGH

FLLIS 80 MARGOLIN
From the Department of Pathology, Washington University School of Medicine,

St Lonis, Missouri

Reecived for publieation Octoher 28, 1936

In earlier investigalions from this Iaboratory, it has been shown
that if potassinmiodide is fed Lo young adult guinea pigs in doses
of 0.01, 0.05, or 0.1 grams daily for a period of 15 to 20 days,
the thyroid gland undergoes a definite stimulation as ix indicated
by n marked inerease in the number of mitoses in the acinus cells,
by a slight inerease in size of the acinus cells, 2 moderate soften-
ing of the colloid, an inerease in the number of phagoeytes -
vading and taking up particles of the intraacinar colloid, and also
by an inerease in the frequeney and intensity of compensatory
hypertrophy which follows extivpation of a considerable part of
the thyroid gland (Loeh thi; Gray and Loeh (20, 1t was fur-
thermore possible to show that, within the range of quantities of
KI used, the effects mentioned were the greater, the larger the
amonnt of KT which was administered (Rabinoviteh (3)). The
phase of active thyroid stimulation was followed by a phase of
inactivity of the gland.  Similar results, which differed only quan-
titatively from those observed in the gninea pig, were obtained in
{he rat (Rabinoviteh (4)5. Tnprineiple simitar to the effects of KI,
although weaker, is the action of sodium bromide on the thyroid
gland of the guinea pig (Margolin (5)).  In contrast to this
ctimnluting effect of KT, under the conditions stated, is the in-
hibiting netion of KI, which is observed when this substance
wels in combination with extracts of anterior pituitary on the
thyroid gland (Silberberg (6)); it also diminishes or entirely neu-

1 These investigations were carried out with the aid of a grant for research in
crience made to Washington-University by the Rockefeller Foundation.
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tralizes the rise in basal metabolism which extracts of anterior
pituitary gland alone would have produced (Siebert and Thurs-

- ton, (7). |

The doses used for stimulation of the ‘thyroid gland of the
guinea pig in these earlier experiments were relatively large; they
corresponded to daily doses varying between 3 and 30 grams given
to a human being weighing about 60 kgm. It was conceivable
that much smaller doses might produce only the inhibiting effect
of potassium iodide on the thyroid gland, which has been so far
considered as the characteristic action of this substance. But,
it could be shown by Gray and Rabinovitch (8) that much .
smaller doses of KI, when fed to guinea pigs during a period of
20 days, did not produce an inhibition of thyroid activity, but -
either were ineffective or also exerted a stimulation, which was,
however, much less marked than that produced by larger doses.
In these experiments daily doses as small as 0.0001, 0.001 gram
were administered, while other animals received 0.01 gram KI.
In control animals which had not been fed KI the average num-
ber of mitoses was 152, while in guinea pigs fed with 0.0001
gram KI the average number of mitoses was 560. Even if we
omit one guinea pig in which the thyroid showed 2000 mitoses,
the average of mitoses was still higher than that of the controls,
namely 280. After a daily dose of 0.001 gram KI given for
20 days, the average number of mitoses was 507; if 2 guinea pigs
are omitted, one with a very high and one with a very low mito-
tic activity, the average figure for mitoses was 302. Consider-
ably higher, namely 1045, was the average number of mitoses
when a daily dose of 0.01 gram KI was given. If we omit 1
guinea pig which did not react in the usual way, the figure
reached as high as 1224 mitoses.

The structure of the thyroid glands of animals receiving the
smaller doses of KI was not noticeably changed; the height of the
epithelium showed the typical variations which are observed
normally in different parts of the gland; the colloid was solid.
In-those receiving larger doses of KI the average size of the acini
was perhaps slightly larger, and somewhat more irregular in
shape, the epithelium was on the average slightly higher, the
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colloid somewhat softer, and the phagocytes more numerous than
in the controlss However, even in individual control guinea pigs,
variations may occur in this respect, and they occur also in the
guinea pigs that received the smallest dose. Gray and Rabino-
viteh concluded that while daily doses of 0.001 and 0.01 gram KI
have a stimulating effect on the thyroid gland, the smallest daily
dose, namely 0.0001 gram, is ineffective in this respect. But
this conclusion does not follow necessarily from their figures.
Their counts show a distinet rise in mitoses from an average
figure of 152 in the controls to an average figure of 565 in the
guinea pigs receiving daily 0.0001 grani KI.

U nder these conditions it was of interest to carry out a further
~cries of experiinents in which very small doses of KI were fed
daily in order to test, whether they may exert a stimulating effect
on the thyroid of guineca pigs. We chose for this purpose the
smallest dose given by Gray and Rabinovitch, namely 0.0001
gram Kl In additional experiments, 0.0005 gram KI were fed
daily to a second series of guinca pigs. These animals weighed
on the average 200 grams; they had therefore a lower weight than
those used by Gray and Rabinoviteh, in which the weight varied
hotween 825 and 450 grams. Furthermore while these inves-
tigators studied the glands after administration of KI during a
period of 20 days only, we examined the thyroid glands after
fecding periods of 3, 10, 15 and 20 days. All the guinea pigs
u~ed were males.  As usual the thyroid glands were cut into se-
rial sections and the mitoses were counted in every tenth section
of one lobe.  The average figures obtained were multiplied by the
number of scetions in both thyroid lobes. Table 1 shows the
sumber of mitoses found in the acini of the controls.

In guinea pig 8, in which the thyroid gland was larger than in
the other guinea pigs, the number of mitoses was slightly above the
average. The average number of mitoses in the thyroid glands of
these 8 animals was 171, This figure is very similar to the aver-
age number of mitoses obtained in normal control guinea pigs in
former experiments. The acini were generally small and the
acinus cells varied as a rule between flat and-cuboidal. The size
of the acinus cells varied in a characteristic manner in different
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aress of the thyroid gland in secordanee with the previous find-
ing- of Loeh.  The colloid wa: hard.  In guinen pig 8, in which

. the number of mitoses had been somewhat greater, the seinus

TABLE 1 '

NUMBER OF GUINES PJe W EIGHT NUMGERI GF M iGOnks
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1 220 15%

2 196 194
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cells were correspondingly slightly higher than in the average con-

trol animials: this applies espectally to the central acint: further-
more, the collold was =omewhat softer in thiz guinea pig, ax was
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indicated by larger sacuoles in the periphery and by the presence
of u few phugocytes obzerved in the colloid of several acini.

Our findings in the 12 guinea pigs which reeeived Kl in the
form of pills daily are shown in table 2.

The average nmber of mitoses in these 12 guinea pigs was 571
a< against 171 in the controls,  Ouly in one of the 12 guinea pigs
‘No. 9665 was the number of mitoses as low as in the controls.
As early a= 5 days after the beginning of the feeding of 0.0001
eram KI, there was noticesble o slight rise in the proliferative
activity of the acinus cells. With a dose of 0.0001 gram KI, the
waximum figures for mitoses were reached after 15 days adminis-
tration of this substance.  After 20 days feeding there was a
~light fall, although the figure at thiz time was still above the
average wimber in the controls. With a dose of 0.0005 gramm KI,
the ~tndating et wie greater than with the 0.0001 gram dose.
Fcehits ease adso the m +oof mitoses was greater after 15 days
adivini=tration of KNI thau after 20 davs.  In former experiments,
it was found that it Iareer doses of .01 1o 0.1 gram KI were fed
Gl the maxivon s tnodation was observed from the fifteenth
to the twenneth day after beginning of the experiment.  We
tst therefore consider the possibifity that the smaller doses of

ancewslier decline o the proliferation of the acinus cells
than du the lavger doses. 1 similar way, Kippen and Loceb

9 observed that it the thyroid gland was stimulated by means of
anterior praitary extraet. the maximum of xiimulation showed an
vorlicr deeline when smualler dosex were given.

Counting the number of mitoses represents probably the most
exaet method for o quantitative estimaiion of thyroid =timula-
tiecn which mav =till show effects when basal metabolism tests
prove negative.  The other morphologieal characteristies of the
tuyroid gland which also indicate a stimulation of this organ.
~uch az an inereased average size of the acinus cells, a softening
and tnereased vacuolization of the colloid and an inerease in the
nuniber of phagoeyvies in the collowd, which miay be used as sub-
sidiary signs. were not on the whole we  ®veloped in these
experitients,  One or the other of these structaral signs of stimu-
latton was wsually present in the thyroid gland of the animals

Wl cavse
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which had been fed KI and in some instances there were present
several of these indications of increased thyroid activity. This
was especially noticeable with animals to which had been adminis-
tered the larger dose of KI, namely 0.0005 gram daily. Tt was
alxo more marked in guinea pigs fed during periods of 15 and 20
days with KI than in those which had received this substance
only for shorter perinds. A

CONCLUSIONS

We may then conehiwde that oral doxes of KI as ~mall as 0.0001
gram given daily de not exert an inhibiting effect on the thyroid
gland of the guinen pig: on the contrary the resalts obtuined by
u~ in counting the mitoses in the aciuus cell<, together with those
obtained formerly by Gray and Rabinoviteh, render it very
probuble that these small quantities of KI exert a slightly stimu-
lating effect on the thyroid gland.  The stimulating cffect scems
to reach a maximum approximately after a period of 15 days
during which this dose was administered daily.  The stinuliting
effeet is more marked if instead of 0.0001 gram, 0.0005 gram KI
is given daily. The doses used in guinea pigs would correspond
to doses of 0.03 and 0.15 gram respectively of potassium iodide
per day given to a man weighing 60 kgm.- These experiments do
not justify therefore, the view expressed by some investigators
that large doses of KI stimulate the activity of the thyroid gland
while small doses inhibit it ; but they indicate that with a diminu-
tion in the quantity of KI used, the stimulating effect decreases
until at last a point will be reached when no effect is noticeable.
This applies, if the period during which KI is given, is limited to
3 weeks. In the earlier experiments from this laboratory, in-
dications have been found that this period of stimulation may be
followed by a second period during which an inhibition in the
activity of the thyroid gland may take the place of the initial
stimulation and that this inhibiting cffect may be duc, at least
in part, to the pressure exerted on the acinus cells by an increase
in the volume of colloid present in the lumen of the acini.
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The Effect of Orally Administered Sodium Iodide and
Sodium Iodate on Blood Sugar Response to
Thiourea in Rats*

By ARTHUR H. MCCREESH and DAVID E. MANN, Jr.

Sodium iodide and sodium iodate, when
administered in drinking water for a period
of two days as a 0.2 per cent solution, greatly
diminished the hyperglycemia which nor-
mally follows the intraperitoneal injection of
thiourea. The mechanism of action is not
definitely known, but the protection may re-
sult from the prevention of epinephrine re-
lease, or the inhibition of hepatic glyco-
_ genolysis.

FOLLOWING THE OBSERVATIONS of DuBois,
Holm, and Doyle (1), and, later, of Dubois

" Hermann, and Erway (2) that, following the

intraperitoneal injection of thiourea and its deriv-
atives, there occurs in adult rats a marked rise in
blood sugar associated with increased hepatic
glycogenolysis, several researchers have endeav-
ored to prevent the hyperglycemia induced by
these agents and thus, possibly, to uncover their
mode of action and develop an antidote for the

* Received Ma}r 3. 1957, from Temple University, School
of Pharmacy, Philudetphia 40, Pa.

Abstracted from a thesis presented to the Graduate School
of Temple University, School of Phaurmucy, by Arthur .
McCreesh, in partial fulfilment of the requirements for the
degree of Master of Science.

esented to the Scientific Section, A, P'u, A, New York
City mecting, May 1957,

toxic effects of pulmonary edema and pleural ef-
fusion, as seen in adult rats. The injection of
iodide every four days has protected rats (3).
Byerrum (4) and Mann (5) have shown that the
oral administration of iodine and iodides, either
as Lugol's solution, potassium iodide or potas-
sium iodate, will similarly afford protection
against the hyperglycemic response, ind will en-
able the animal to withstand normally lethal |
doses.

This experiment is intended to determine the
relative protective activity of sodium iodide and
sodium iodate against the hyperglycemia follow-
ing the intraperitoneal administration of ten
milligrams per kilogram of body weight of thio-
urea 1o nonfasted, male, albino rats.

EXPERIMENTAL

Male rats of the Wistar strain were used ex-
clusively in this experiment. The animals were
placed in individual cages and were permitted to re-
main in these cages for periods of five to eight days .
before being used. Al were fed Purina Lab Chow, .
and were given tap wuter ad libitum through glass
tubes attached (o drinking bottles until placed on a
particular liquid dict. The same drinking bottles
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TanLe L—ErricT or SonmuM l1opipe AND SontuM IopATE oN BLoob SucAR RESPONSE TO THIOUREA IN
. - NONFASTED, MALE, ALBINO RATS

T

Av. Blood Sugar Av. Blood Sugar ‘ Av,

No. of before Thiourca, after Thiourea, Av. Change,
Group Animals Treatment mg./100 . mg./100 mi, Diff. %

1 27 Thiourea 10 mg./Kg. (con- 113.63 183.48 69.85 63.067
trols) +33.39)

2 12 Sodium lodide ad libitum for 101.72 117.93 16.21 19.70
two days, then thiourea (+£13.62)

3 12 Sodium lodate ad libitum for 112.20 132.63 20.53 18.90
two days, then thiourea . (+12.54)

were employed to deliver sodium iodide and sodium
judate solutions throughout the experiment. At the
«tart of the experiment the animals were divided into
three groups. .

The rats in Group One, all nonfasting, male, al-
Lino rats, ranging in weight between 182 and 270
grams, were given tap water ad libitum as drinking
water for two days, and served as controls in the
cxperiment.  After two days, the animals were bled
from the tail, and blood glucose determined by the
Folin-Malmros method (6). Immediately after
withdrawing blood, a thiourea solution (10 mg./Kg.
of body weight of a 0.5% aqueous solution) was in-
jected intraperitoneally, and a second blood sample
was taken after two and one-half hours. The blood

" glucose concentration was again determined by the

Folin-Malmros method.

Group Two, consisting of nonfasted, male, al-
hino rats, ranging in weight between 138 and 182
grams, was given a solution of sodium iodide
(0.2%) ad libitum as drinking water for two days,
whereupon blood was drawn from the tail, and the
blood glucose level determined as above., Thiourea
sulution (10 mg./Kg. of body weight) was immedi-
ately injected intraperitoneally. After two and one-
hall hours a second blood sample was withdrawn
amd blood glucose determined.

Group Three consisted of nonfasted, male, albino
rats, ranging in weight between 125 and 252 grams.
These animals were treated identically as Groups
tne and Two, except that they reccived sodium
indate solution (0.2%) as drinking water ad libitum
fur two days. Blood samples were drawn from the
tail both immediately before and two and one-half
hours following the intraperitoneal injection of
thirnrea (10 mg./Kg. of body weight). Blood glht-
vese was determined by the Folin-Malmros method
as with all groups.

RESULTS

The rats in Group One, recciving no iadide or
rulite therapy prior to the intraperitoneal injection
f thiourea, showed an average blood sugar rise of
K5 (£33.30) milligrams per 100 milliliters of
M"*Nl two and one-half hours following the injection.

I'he rats in Group Two, recciving a two-day, ad
bhitwm adiministration of sodium iodide prior to an
Wtraperitoneal injection of thiourea, showed an
Verage blood sugar rise of 16,21 (=13.62) milli-
€rams per 100 milliliters of blood two and one-half
e s after the injection.

. e rats in Group Three, reeciving a two-day ad
edum administration of sodium jodate prior to an
Mraperitoneal jnjection of thiourea, showed an
Werage blood sugar rise of 20.53 (212.54) milli

grams per 100 milliliters of blood two and one-half
hours after the injection.

DISCUSSION

The rodenticidal property of thiourea and its
derivatives, proposed by Richter (7), and tested on a
controlled scale by MacKenzie and MacKenzie (8),
and others in the early and middle forties, is a
result of severe pulmonary edema and pleural effu-
sion. Drinker (9) found an eighty-fold increase in
lymph flow from the heart and lungs following an
injection of alphanaphthylthiourea {ANTU) into
rats. Altfiough toxic doses vary greatly among
strains of the same animal, and wild rats are nuch’
more resistant than laboratory animals, there can
be no doubt of the toxicity of these agents.

It was DuBois, Holin, and Doyle (1) who first
observed a rise in blood sugar following the adminis-
tration of thiourea and its congeners, the hyper-
glycemia being associated with increased liver glyco-
genolysis; the onset, extent of activity, and dura-
tion being dependent upon the quantity given.
DuBois, Hermann, and Erway (2) noted that the
results were not altered by hypophysectomy, nor
was there an inhibition of glycolysis or the oxidation
of glucose.

Although the mechanism of action is uncertain and
as yet no specific antidote has been found for thio-
urea, it has been observed that drugs which prevent
or diminish the hyperglycemic response will also
prevent or diminish the toxic effects. Griesbach,
Kennedy, and Purves (3) have protected animals by
the repeated injection of potassium ijodide; and
Byerrum (4) enabled rats to withstand many times
the lethal dose by feeding the animals a diet rich in
iodine, and by administering potassium iodide and
iodine in drinking water. Mann (5) showed the
protective action of potassium iodide and potassiun
iodate when administered ed libitum in drinking
water. In this experiment the protective properties
of sodium iodide and sodium iodate against the hy-
perglycemic response to thiourca have been demon-
strated.
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THE EFFECT OF POTASSIUM IODIDE ON THE PULSE
RATES OF NORMAL INDIVIDUALS!

DONALD McEACHERN, M.D.

From the Cardiographic Laboralory of the Johns Hopkins Hospital and University

There appears Lo be no settled opinion conccrning the effect of iodine
on the pulse rate of normal individuals. Cushny (1) states that no
change in the heart, pulse or blood-pressure could be observed even
after prolonged treatment with iodides. Nevertheless, in certain
Clinics the term “odine tachyeardia’ is used to describe the clevated
pulse rate occasionally seen in patients under treatment with iodides.
There is some evidence to support this view.  The statement has also
been made that a fall in pulse rate occurs.

Gurewitsch (2), in Bascl, stwdlied a series of patients under treat-
ment with potassium iodide and found an increased pulse rate (10 to 50
per minute) in 08 per cent. The fachyeardia disappeared in a few
days after withdrwal of the drug. Bloom (3), in reporting somewhat
similar materia! from Berne, noted an increase (3 to 33 per minute)
in 75 per cent of 23 cases. The majority of the latter subjects had
tuberculosis or syphilis which might be considered a modifying factor.
Goiter and “Todine Bascdow’s” are common in both localities.  Stock-
man and Charteris (4) found no change in the pulse rates of patients
treated with sodium jodide and potassium iodide in doses varying from
1ty 20 grams daily. The best study has been made by Read, Walker
and MceKenuey (55 on 12 normal individuals who were placed on 10

drops of Lugol's solution daily for ten days. There was a slight in-

crease in 7, no change in 3 and a slight decrease in 2 cases.  The means
showerl an inconserquential increase.

In a study of the effect of indine on the electrocardiogramin ascricsof
normal individuals (6) it was found that 8-out of 10 exhibited an in-
creased heart rate after ingestion of potassium iodide and that the
means of the serics showed o progressive increase during the period of
exhibition of the drug. ‘The observations were too few, however, to
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analyze statistically. A review was therefore made of the records of
patients who had been treated with iodides over considerable periods
of time in the wards of the Johns Hopkins Hospital. Cases of thyroid
disease, syphilis, tuberculosis, myocardial insufficiency or of fever due
to any cause were rigidly excludec. No patients were accepted who
had received other drugs, such as atropine or digitalis, which migkt
have affected the pulse rate. The majority were cases of arterio-
sclerosis, neuritis and arthritis. The average of seven successive
morning pulse rates was taken before administration of the drug and
the same for the seven days prior to its discontinuance. When ad-
ministration of the drug covered sufficient time, the average of each
week’s morning pulse rates was also noted.  The usua! dose of potas-
sium iodide was 2.0 grams daily and the duration of its exhibition
varied from 8 to 140 days. The youngest paticnt was 2 yvears of age
and the oldest 80. Potassium iodide was the drug used in 2l paiients.

RESULTS

The mean of the 34 control pulse figures is found to be 82.6 and that
of the iodine pulse figures 87.5, giving a diiierence in the means of
+4.9. The probable error of this difference is ££2.1. It is assumed
that a difference, in order to be of significance, must have a ratio,
when compared with its probable error, of 3 to 1 or greater. For these
figures the ratio is but 2.3 to 1 and the difference cannot thereiore be
considered as significant. Read, Walker and McKenney (3) treated
their figures similarly. Such statistical treatment is based, however,
upon the assumption that all individuals in the series react in like
manner to the drug, an assumption which the following data show to
be incorrect. ‘

Table I shows the data obtained in this study. Each pulse figure
represents the average.of 7 or more observations. The standard devia-
tion and the probable error of the mean have been calculated for each
of these series of variants and the probable error of each difierence is
included in the table. It will be noted that an apparent increase has
occurred in 24 instances, an apparent decrease in 9, and no change in
one. When the ratio of each difference to its probable error is calcu-
lated, however, it is seen that there is a significant increase in 12 in.
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] TABLE I
Effect of potassium iodide on normal pulse rate

BABLE| RATIO OF | SICNIFI-

MED. Xo. AGE pas o cmans cg:gslgx. I::Illsl:o nr't’n'sz:._ ':#’,;:’ ::g“:; ::x?n

TAKEN IODINE E.NCE ENcE |r.3. OI_D- CcRANGE®
3620 | 45 21 42 | 154 71| 1.7 3.3 05 o
3637 56 27 54 | 810 74.5| 95| 1.4 6.8 —
3640 | 66 34 68 | 78.21 96.5]| 18.3] 2.6 7.0 +
3652 42 771 733 1 642 92.0) 27.8| 2.0 | 13.9] ‘4
3036 | 68 13 26 | 79.4] 76.5| 291 1.9 0.6 0
3671 49 10 20 | 78.2) 589! 19.3| 1.3 | 14.8!] —
3677 38 18 36 | 81.4) 84.51 3.1 2.3 1.3) o0
2697 6 1 12 26 | 72.01 83.4| 11.4] 3.1 3T +
2 42 130 | 280 | 97.0|110.0| 13.01 2.3 5.7 +
3746 33 40 80 | 72.8] 88.5! 157 2.3 6.8 +
350 | 46 61 | 124 1 92| 82.5| 11.71 2.3 S.1| —
3859 | 68 30 60 | 76.6] 9.4 28] 2.3 1.21 o0
3873 1 56 4 | 148 | 75.71 7571 o 2.8 0.0/ 0
388 | 2 50 | 253 [ 1142 {101.7| 12,5 3.1 40| -
3883 | 66 | 12 36 | 856 98.5] 12.9]| 2.9 45| +
961 80 | 16 48 | 66.6 65.41 1.2 2.1 06, ¢
1047 | 28 10 30 | ot.1] 91.7| 0.6 1.7 0.3{ 0
4102 | s0 29 58 | 95.8] 97.8] 2.0l 4.2 0.5 0
1201 ¢ 36 8 28 | 82.8| 90.4| 7.6 2.8 27{ 0
4320 | 33 120 | 240 | 65.3| 82.21 16.9{ 2.2 7.71 +
10794 | 38 . 16 32 | 704! 80.2]| 98| 4.5 221 0
10817 J 63 20 40 | 79.4) 87.4| 80 1.8 4.4 +
1020 14 14 20 | 774 1.0 6.6| 2.3 29 o
16910 | 61 16 32 7 7701 7821 1.2} 3.5 03| 0
1025 {38 30 731 9831 90.5] 7.8] 2.0 3.9 —
11028 | 38 | 8 37 1 637! 8.7 2601 2.5 [ 104 +
1033 | 47 ,‘ 9, 18 | 857! 80.1] 3.4| 2.9 1.2} o
16633 1 66 | 15 | 30 | 95.5|102.0| 6.5| 3.3 2.0 o0
16648 | 30 25 | 182 | 8.1 79.7( 3.4| 1.9 1.8 o
16637 | 44 33 66 | 97.6| 91.2! 3.4| 1.8 1.9 o
16570 | 3 35 1 124811278 3.7] 2.5 1.5( 0
16898 ‘ XE] 34 | 105 73.0 1 86.3| 13.3| 2.3 5.8 +
16963 34 30 9 | 80.5| 88.0] 7.5| 2.0 3.7 +
17040 l 14 25 | 25 | 732 943| 21.1| 3.8 | ss5| +

* A change is only considered to be significant when the ratio of the difierence to the
probable error of that difference is 3:1 or greater.

words 35.0 per cent of the 34 cases exhibit an increase pulse rate under
lodine, 15.0 per cent a decrease and the remainder no real change.
These changes vary from 8 to 28 beats per minute,
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Figure 1 illustrates graphically the changes that occurred in cases
No. 4320 and No. 11028 of this series following the administration of
iodine. In the latter the efiect of its discontinuance is also shown.

i SR ———

et g oy

Fre. 1

Tke upper curve Tepresents a case studied over some 180 days, cach
point being the average of 7 consecutive daily pulse rates. The rapid
elevation of rate, its persistence during iodice therapy and its dis-
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appearance after removal of the drug are well shown. The lower .
curve represents a case followed for 12 days, each point being a sepa- -
rate pulse rate observation. The increase is seen to occur aboutthe
third day after the iodine was begun. In all of the cases exhibiting
significant alterations in pulse rate, the change occurred gradually at
about the third to the seventh day and reached a maximum about the
tenth. Upon discontinuance of the drug, the pulse fell to normal
within a meek or so.

SUMMARY

A statistical analysis was made of the pulse rates of 34 patients,
without thyroid disease or other interfering circumstances, to whom
potassium iodide had been administered. Following administration
of the drug, 12 showed a significant increase in pulse rate and 5 &
significant decrease. These changes came of gradually about the
third to the seventh day and reached a maximum at about the tenth
day. The rate returned to normal within a week or so after the drug
was discontinued. o

I am indebted to Miss Rebecca Marshall for assistance with the
case-records and calculations.
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THE EFFECT OF THE INGESTION OF POTASSIUM IODIDE
ON THE ELECTROCARDIOGRAM OF NORMAL
INDIVIDUALS!

DONALD McEACHERY, M.D., axp B. M. BAKER, J&., M.D.

From the Cordiographic Laboralory of the Jokns Hopkins Hospital and University

It has been reported by several observers that changes occur in the
‘-t:Ct"uLa.I‘dJO"I‘amS of patients with hyperthyroidism follou ing iodine
erapy or thyroidectomy. Krumbhaar (1) studied 31 patients with
g(-itre, the majority with hyperthyroidism, and noted unusuz!ly high
T-waves in the majority of instances. Following operation these
returred to normal in half the cases. These records, however, were
tzken with ar. Edelmann galvanometer and the string deviations were
therefore not standardized. Hamburger and others (3) noted the
very kigh T waves in hyperthyroidism and showed that lodine thgrapy
produced 2 fall in their amplitude which paralleled the fall in basal
metabolic rate. Following thyroidectomy, these changes were even
more strikiny—in three cases proceeding to inversion. The low T
waves and QR\ Lomph\ >s found in cretinism and myxedema arc well
recognized {2.4,3.6,7,8). They increase in amplitude upon thyroid
administration. the increase paralleling the rise in basal metabolic
rate. White and Aub (2) concluded that there was little relationship
between the buasal metabolic rate and the voltage of the end phase.
However, a study of their protacois shows that of 12 cases in which
comparison is possible, a parallelism exists between the height of the
T waves and the basal metabolic rate in 8 instances.
It seemed of interest, therefore, to determine whether the galvano-
mietric records of normal individuals exhibited changes when iodine
was administered in therapeutic doses.  Hamburger, and others,
@Y attempted to answer this question. but obtained contlicting results,
Some writers have daimed on slender evidence, that iodides, in thera-
peutic doses,exert an injurious influence on the cardiovascular system.

t Submitted for publication Septeber 20, 1930,
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METHOD

Ioding, in the form of Potassium Iodide, was administered by meuth
to fourteen normal members of the hospital staff each day in doses of
1.0 gram per day during the first week, 2.0 grams per day during the
second week and 3.0 grams per day during the third week. Four of
the subjects were forced to drop out because of rather severe iodide
reactions. The remaining ten took the drug for periods ranging up
to 22 days. Lugol’s solution was used for the first few days but
gave way to Potassium Jodide owing to bitter complaints of the
recipients. In this connection it is suggested that cathusiasts for
large doses of Lugol’s solution try a short course of the drug themselves.

Electrocardiographic records were made before administration of
the drug and every five days thereafter till the end of the experiment.
They were taken with standard Einthoven leads on a Hindle galvanom-
eter in use for routine purposes. The subjec'ts were made to rest
in the sitting posture for ten minutes before records were made and the
heart rates were subsequently read in the third lead thus allowing a
further short period of rest. Skin resistance was measured in every
instance and if above 2000 ohms the clectrodes were removed, the skin

rubbed with alcohol and remoistened with saline before the written
records were made. This procedure effectively brought the resistance
below 2000 ohms in every case. The string was standardized in the
usual manner to give a deflection of 1.0 cm. with 1.0 millivelr.
Records were taken between 4 and 3 .. in order to rule out the possi-
ble effect of food on the cardiac rate and the written curves.

DISCUSSION

Table Iis a tabulation of the data from cach individual before the
drug was commenced and at the completion of the course of potassivm
iodide. The intervening records were examined but showed no sigaia-
cant changes. Measurements were also made of the other detlections
in the electrocardiogram, but they showed no alteration and are not
included. It is apparent that no change of any consequence occurred
as a result of the ingestion of potassium iodide.  The T-wave changes
said to occur after fodine therapy in patients with hyvperthyvroidism

-
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diminution in amplitude uccurred in six instances and slight increase
in two, ncither being outside the usual limits of variation. Inversion
was not seen, although I 1T became biphasic in two instances. The
skin resistance and the basal metabolic rate showed no alterations
that could be attributed to the iodine. The effect on the heart rate
is discusscd elsewhere (10).

It would appear therefore that the electrocardiographic changes
wrought by iodine in hyperthyroidism may be the result of its g general

- effect upon the disease and not of any specific action of the drug on the -

cardiovascular system.

CONCLUSIONS

Potassium Iodide in therapeutic doses has no sngmﬁcant effect upon
the clectrocardiogram of normal individuals.

-

We are indebted to Miss J. A. Vickers and to Mr. Wm. M.
O’Brien for technica! assistance in this study.
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THE EFFECT OF ORAL IODIDES ON INFLAMMATION*

ZIGURD E. MIELENS, JANIS ROZITIS, JR.

AND VITO J. SANSONE, JR.
Sterling-Winthrop Research Institute,
Rensselaer, New York 12144

Iodides; Inflammation

Iodides have been used against chronic inflammation during the past 100 years
solely on an empirical basis. With the advent of new drugs, iodides have fallen
into disfavor, and reports on anti-inflammatory effects of iodides are scarce. Dur-
ing the past 15 years, two clinical studies have heen reported on the anfi-arthritic
activity of iodides: one after intravenous administration of colloidal iodide -
(Hagenbach and Wolsmley, 1953), and the other after balneological treatment
with iodide salts (Fortuna, 1960). In textbooks, the anti-inflammatory effects of
iodides have been described vaguely as “fibrolytic” or “histiolytic.” In experi-
mental animals, inhibition of granuloma pouch formation by 250 mg/kg of cu-
prous iodide has been reported by Sutter et al. (1 958).

In contrast to the concept of iodides as anti-inflammatory agents, Stone and
Willis (1967) have presented evidence that iodides enhance rather than inhibit
certain types of dermatologic inflammation.

Our investigation was initiated in order to determine whether orally admin-
istered iodides have anti-inflammatory properties against different types of acute
and chronic inflammation in experimental animals.

MATERIALS AND METHODS

Potassium iodide (KI)! was studied for anti-inflammatory effects against granuloma pouch
formation, cotton granuloma formation, carrageenan and croton oil edema in rats, and turpentine
abscesses in monkeys. o

l. Granuloma pouch formation was induced according to a slightly modified procedure by
Selye (1953), Twenty-five ml of air was injected subcutaneously on the backs of 125 g male
"l'fﬂgue-Dawley rats, and 1.0 ml of 1.09 croton oil was injected into this air space. KI was
:"l"linistered orally as an aqueous solution once daily to groups of six rats each, starting one day
efore the injections of croton oil. The doses ranged from 29 to 466 mg/kg/day and were ad-
ministered in a volume of 1 ml/100 g body weight. Control rats received equivalent amount of
“ater daily, All rats were sacrificed on the ninth day after the injections of croton oil, and the
‘olume of exudate and the weight of walls for each pouch were determined. The effect of Kl on
he granuloma pouch formation was studied in three separate experiments because of the inlicrent

‘arinbility of this bioassay. In one experiment, the effect of KI upon the thyroid was studied

* Received for publication October 12, 1967.
' “Bakey Analyzed” Reagent, Baker Chemical Company, Phillipshurg, N.J.
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histologically in rats medicated with 466 mg/kg of KI. The thyroids were fixed in Zenker-forma.
lin, embedded in paraffin, and stained with hematoxylin and eosin.

2. Cotton graniloma formation was induced accordir: to a modified method of Winter et al.
(1963). One cotton pellet weighing 46-48 mg was impla:ited subcutaneously on the back of each
rat. KI was administered orally to nine rats at 466 mg/kg/day, starting one day before the im.
plantation of the pellets. Nine control rats received only the vehicle of the medication. All rats
were sacrificed on the seventh day after implantation, the pellets with the granulomatous tissue
were removed and the dry weight of granuloma was determined.

3. Carrageenan edema was induced in the rat foot according to a modified method of Winter
et al. (1963). KI was administered orally at 800 mg/kg to five rats fasted for 18 hours. One hour
later, 0.05 ml of 19, aqueous carrageenan? suspension was injected into the right hind foot, and
0.05 ml of saline into the left hind foot of each rat. The rats were sacrificed three hours after the
carrageenan injections, and the injected feet were cut off and weighed. The difference between
the right and left foot weights was taken as the weight of edema.

4. The procedure for croton oil edema in rats was similar to that of carrageenan edema, except
that 0.29% croton oil in cottonseed oil instead of the carrageenan suspension was injected into the
foot and that six rats were used per group. The dose of KI was 800 mg/kg

5. Subcutaneous abscesses in Rhesus monkeys were induced by intradermal injections of 0.1
ml of 25% turpentine, Each monkey received two injections, one on each side of the back. The

three dimensions of the subcutaneous swellings were determined at 5 hours, 24 hours, and at 2.

3, 6, and 7 days. The lateral and cranial-caudal dimensions of each swelling were determined
with a caliper, and the height by a ruler placed on an adjacent noninflamed area. A size index
of each abscess of each time interval was obtained by multiplying the three dimensions with each

" other and dividing by one hundred. The 5-hour readings represented acute, turpentine-induced

edema, and sums of the size indices of each abscess over the 7-day period represented the absces
formation. Two monkeys received 100 mg/kg of KI daily starting one day before the injection:
of turpentine, and three other monkeys served as controls and received equivalent amount o

water daily.
The significance of the differences between the results in animals treated with KI as compare:

to control animals was analyzed according to the t-test.

RESULTS : .

KI inhibited granuloma pouch formation (production of exudate and forma
tion of walls) when administered orally at 116, 233, or 466 mg/kg (Table 1’
Although significant inhibition could be demonstrated at these dose levels, regre:
sion lines of the dose-related responses were not significant due to the flatness ¢
the slopes and the variations within the medicated and control groups. Average
of inhibition of exudate formation at 29, 116, and 466 mg/kg in three experimen!
were 16, 52, and 709, respectively, and averages of inhibition of wall formatic:
at the same dose levels were 8, 33, and 469, respectively.

All doses of KI .in the granuloma pouch test were well tolerated. The bod¢
weight gains were within normal limits, and the thyroids of the rats medicat®
at 466 mg/kg were normal when studied histologically.

KI did not inhibit cotton granuloma formation at 466 mg/kg, and carrageen
or croton oil edema at 800 mg/kg. Similarly, KI was ineffective at 100 mg ‘_
against turpentine edema and turpentine abscess formation in monkeys (Tat

2).

2 Viscarin, Marine Colloids, Inc., N.Y,, N.Y.
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Tanre 1
Effect of KI against granuloma pouch formatz'or‘l
A. Inhibition of exudate production
Exp. 1 Exp. 2 Exp. 3
Daily dose mg/kg ml 9% Inh. ml % Inh. ml % Inh. Av. % Inh,
T _(controls) 89 *18 .. 140+ 18 .. 155 + 1.0 ..
29 e 95 +26 32 153 + 1.8 1 16
116 43+ 18 52 6213 56** 82+ 13 47** 52
233 37+13 58  ........ o .. ..
466 1.7 £ 04 81** 54+ 13 61** 50+ 24 68** 70
B. Inhibition of wall formation
— (controls) - 1.91 + 0.26 .. 292 +017 .. 3.06 + 0.14 .
. .. 246 + 032 16 319+ 020 O 8
116 132 + 036 31 2.04 + 027 30*% 1.88 £+ 0.30 39*+ 33
233 126 + 024 34 ... ... e e .. .
466 093 + 0.11 51** 187 £ 0.21 36** 1.53+ 040 50** 46
 rats/medicated group, 12--18 rats/control group.
* Significant at p < 0.05.
** Significant at p < 0.01.
Fure 2
Hflect of K1 against cotton granuloma, carrageenan and croton oil edema, and turpentine
isflammation
No. of itati
_ Experiment | Do‘:f'l'&/k & ani;):ls . of?:ﬁ:;ﬁ::xri?m 9% Inh.
Uatton granuloma
formation in rats 466 9 541 + 52* 7
’ — (controls) 9 58.1 = 4.6
! arrageenan edema in rats 800 5 476 * 45¢ 4
— (controls) 10 495 + 32
1 ton oil edema in rats 800 6 251 + 204 13
—— (controls) 6 290 + 24
Virpentine inflammation '
n monkeys
4) 5.hour edema 100 2 71 + 151 v}
— (controls) 3 - 64 + 14 ..
b) 7-day abscess 100 2 352 + 634 0
— (controls) 3 338 + 63

—————

.
iﬂx of dry granulomaltous tissue.

Lok of edena,

' indices,

s of 6 measurements of abscesses (size indices) over 7 dayg.
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DISCUSSION

Examination of KI in five acute and/or chronic models of inflammation re
vealed significant inhibitory activity only against one model: granulema pouck
formation. Such limited anti-inflammatory activity does not permit a classifics
tion of KI as a general anti-inflammatory compound in view of the significant ac
tivity that can be obtained with true anti-inflammatory compounds. In our labor
tory, anti-inflammatory compounds are active against at least three or fou
models of inflammation: anti-inflammatory steriods are active against granulom.,
pouch formation, carrageenan edema, and cotton granuloma formation; an!
phenylbutazone and indomethacin are active against carrageenan edema, cottor
granuloma formation, and turpentine edema and abscesses. The fifth model «!
inflammation—croton oil edema—is not an anti-inflammatory screening test, an
it was used to determine the effect of KI against another croton-oil-induced mod:
of inflammation. Inactivity of KI against this model indicates that the inhibitio.
of granuloma pouch formation is not a specific effec* of KI against.inflammatio:
induced by croton oil. *

Questions can be raised as to the significance of the activity of KI against granu
loma pouch formation, and whether the inhibition of granuloma pouch formatio:
by KI is mediated by systemic or local mechanisms. ‘

In considering the systemic effects of KI, the most likely effect of KI is suppre-
sion of the thyrotropin-thyroxine axis. Iodides are known to be effective again:
hyperthyroidism, and Ochi (1961) has reported inactivation of thyrotropin b
elemental iodine. However, the activity of thyroids did not appear to be sup
pressed followmg administration of KI at granuloma pouch inhibitory doses (11’

- to 466 mg/kg) in view of the normal appearance and behavior of the rats, an

the normal hlstologxcal appearance of the thyroids. In contrast, severe weight gai
suppression due to KI has been noted following administration of a consideral’
larger dose: 1864 mg/kg/day. Consequently, there appears to be a separation
doses of KI that inhibit granuloma pouch formation from doses that effect the ra:
adversely. '

A stimulation of the thyrotropin-thyroxine axis following administration
KI at lower granuloma pouch inhibitory doses also is not a likely explanation
view of the work by Julezs et al (1964). They administered thyrotropin or ¢!
cised thyroid in rats, following which they noted that the granuloma pouch form
tion was increased rather than decreased.

In respect to possible local anti-inflammatory effects of KI, two in vitro stud
lend suppdrt to a concept that KI has anti-inflammatory activity, First, Midd"™
brook and Szent-Gyorgyi reported in 1958 that iodide at relatively low concent!
tions can uncouple oxidative phosphorylation and, later, Bostrom et al. (1M
and Whitehouse (1964) found that most anti-inflammatory compounds uncov;
oxidative phosphorylation. While this is only isolated and indirect in vitro
dence of possible anti-inflammatory effect of iodides, further work in other
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vitro systems—e.g., on lysosomal stabilization—may provide the necessary addi-
tional information.

The activity of KI against granuloma pouch formation, one of the most fibro-
plastic forms of experimental inflammation, can be considered analogous to the
clinical activity of iodides against the granulomatous lesions of tuberculosis, fungal
discases and syphilytic gumma. In both animal and clinical situations the ac-
tivity of iodides appears to be directed against fibrotic tissue, and a specific “anti-
fibrotic” effect of KI can be conceived. Such concept does not appear to be con-
tradictory to the reported enhancement of inflammation by iodides (Stone and
Willis, 1967) because the enhancement of inflammation was noted at the acut
ages (2248 hours) of inflammation. '

‘WUMMARY

Potassium iodide was studied for its anti-inflammatory effects against five types
of experimental inflammation: granuloma ppuch formation, cottofi granuloma
formation, and carrageenan and croton oil edema in rats, and turpentine-induced
edema and abscesses in monkeys. Administration of potassium iodide resulted in
inhibition of granuloma pouch formation, but in no inhibition of the other types
of inflammation. These data are suggestive of a specific “anti-fibrotic” effect of KI.
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INTRODUCTION

The availability of iodine from insoluble iodine compounds
is important in the selection of an iodine source to be incorpo-
rated into an animal salt block. An insoluble iodine source
is desirable in that iodine would not be leeched out readily
by exposure to moisture. The availability of iodige from
cuprous iodide (Cu,l,), from diiotdodithymeol (thymol iodide)
and from 3-5-diiodosalicylic acid was compared to the availa-
bility of iodine from potassium iodide (KI), using as a eri-
terion the prevention of the enlargement of the thyroid gland
in albino rats reared on a rigorously controlled diet. Levine,
Remington and von Kalnitz (’33) found that young rats
develop a severe goiter within 5 weeks if fed on diets deficient
in iodine. Later, Remington (’37) and Remington and Rem-
ington (’38) reported that 2 to 3 ug of iodine from KI per
day prevented the enlargement of the thyroid gland in albino
rats reared on a rigorously controlled diet.

AVAILABILITY OF IODINE

Four-week-old Sprague-Dawley female albino rats (35-50
gm) were reared on a low-iodine test diet (Remington, 37)
which consisted of, in per cent: 18 wheat gluten, 2 Brewer’s
yeast powder, 78 yellow corn meal, 1 calcium carbonate and
1 sodium chloride. The control animals (group A) were reared

* This investigation was supported by Morton Salt Company, Chieago, Illinois.
53
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on this test diet. Another group of 10 animals (group B) was
fed the low-iodine diet to which 265 pg of iodine (as KI) per
kilogram of test diet was added. In the diet for group C,
265 pg of iodine from Cu,I, was added; in D, 265 pg of iodine
as diiododithymol was used; and in E 265 ug of iodine as 3-5-
diiodosalicylic acid was added. Each group consisted of 10
animals housed in separate cages and fed 10 gm of food daily.
At the.end of 5 weeks the thyroid glands were carefully dis-
sected and weighed wet. The results of these experiments
are given in table 1. The water-insoluble iodine compounds

i TABLE 1
Availability of fodine from several sources -

*
(Female albino rats given 10 gm of food daily for 5 weeks)

°  ADDITION TO AVERAGE WEIGHTS

NUMBER
GROUP IODI;IIE‘-TI'RIE 10DINE SOUROE OF ANIMALS Body Thyroid gland
ug/kg ) om n;%tog gamh :f
A (control) mone none ’ 5 111.4 154 + 3.5°*
B 265 K1 . 10 105.2 100 = 1.1
C 265 Cu,lI, 10 100.1 9.8 +1.9
D 265 diiododithymeol 10 101.6 125+ 24
E 265 3-5-diiodosalicylic acid 10 99.0 11914

? Standard deviation.

used provided available iodine and protected the thyroid gland
from becoming enlarged.

A second series of experiments was designed to show the
influence of various amounts of Cu,l, in protecting the thyroid
gland of albino rats reared on Remington’s iodine deficient
diet. Four groups of animals were used to test the following
diets during a period of 6 weeks: F, iodine-free diet (control
group) ; G, 265 g of iodine from Cu,l./ky of iodine-free diet;
. H, 200 pg of iodine from Cu,I,/kg of iodine-free diet; and
I, 150 ug of iodinc from Cu,I,/kg of iodine-free diet. The
results are presented in table 2. Cuprous iodide affords pro-
tection against enlargement of the thyroid glands. Since the
rats eat about 10 gm of food per day, as little as 1.5 ug of iodine
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per day from Cu,l; prevents this enlargement. When the
contrel animals were kept on the deficient diet for 6 weeks
instead of 5 weeks, the average weight of the thyroid gland
increased from 15.4 to 18.1mg/100 gm of body weight.

RETENTION OF IODINE

Because the iodine was found to be available from Ciyl,,
3-5-diiodosalicylic acid, and thymol iodide, the question arose
as to whether some of the iodides tested here underwent such
a rapid clearance from the body that they were not used as
efficiently as others. The intake of the iodine was reduced from

s

TABLE 2
Availability of iodine from Cu,l,
" (Female albino rats allowed feed at will for 6 weeks)

ADDITION TO AVERAGE WEIGHTS

FRE NUMBER
anove Iomfx:'rn ® OF ANIMALS Body Thyroid gland
k 100
) ro/kg m '2%, 0 .m to!
F (control) none 5 138.2 181 - 21*
G 265 10 141.3 73+ 18
H 200 10 140.1 8.5 +22

I 150 9 139.8 9.2 + 24
* 8tandard deviation, '

an optimum of 1855 ug/wk. (2.65 pg/day) to 5.25 ug/wk. in
order to produce a slightly goitrous condition. The 5.25 ug/wk.
of iodine in the compounds to be tested was administered in
two feedings (2.625 pg of iodine on Mondays and 2.625 ug on
Thursdays), with 10 gm of low-iodine test diet, and the ani-
mals were allowed to eat freely as much iodine-free food as
they desired for the rest of the week. Because the animals
kept on the iodine-free diet for 6 weeks had larger thyroid
glands than those on the diet for 5 wecks, the period of feed-
ing on the various diets was extended to 8 weeks. The results
of this series of experiments are to he found in table 3. Ex-
tending the length of the experiment from 5 to 8 weeks in-
creased the goitrous condition of the control animals. Again
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the insoluble iodine compounds tested here provided suffi-
cient iodine to protect the thyroid gland from becoming

enlarged.
DISCUSSION

Todine is readily available from the insoluble iodine com-
pounds, 3-5-diiodosalicylic acid, Cu,I, and thymol iodide. Be-
.cause of the individual fluctuations in thyroid size and in
body weight, it is difficult to compare one iodine compound
with another. Nevertheless, Cu,I, appears to provide iodine
to the thyroid gland as readily as KI, and in one series of
experiments in which an amount of iodine less than optimum

TABLE 8,

"Retention of iodine from several iodides

o

(Albino rats given 5.25 ug of iodine weekly for 8 weeks)

NUMBER AVERAGE WEIGHTS

GrOUP 10DINE SOURCE OF ANIMALS Bedy Tayvold v
iy
J (conti- 1) none 9 155.6 40.86 = 5.2*
K1 10 148.2 12,48 *+ 247
Cu,I, 10 149.5 9.62 + 2.06
diiododithymol 9 150.2 14.34 = 2.05

38-5-diiodosalicylic acid 10 149.7 13.53 = 2.6

ZetH

!} Standard deviation,

was supplied, the Cu,l, appeared to afford somewhat better
protection. The availability of iodine from thymol iodide
agrees with the work of Baldwin, Thiessen and McInroy (’47)
who found that 25 to 50%. of the radioactive tagged iodine
in diiododithymol was concentrated in the thyroid gland.
The weight of the thyroid gland appears to be a sensitive
indicator of iodine deficiency, and it can be used as a means
of evaluating iodine availability. This change in weight is
indirect evidence of the utilization of iodine. The data pre-
sented agree with the work of Halverson, Shaw and Hart
(’45) and of Levine, Remington and von Kalnitz (’33) who
have reported that 2 yg daily of iodine from a readily available
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~source protects the thyroid gland of a laboratory rat from
becoming enlarged. Solubility in water does not play an
important role inasmuch as relatively insoluble Cu,I, (0.008
gm in 100 ml of water at 18°C.) protects the thyroid gland
as well as soluble KI (127.5 gm in 100 ml at 0°C.). It is also
probable that some of the insoluble iodides may be absorbed
slowly and thus mak: available a more continuous supply of
iodine to the thyroid gland.

TOXICITY STUDIES

Acute and chronic toxicity studies were made of Cu,l, and
3-5-diiodosalicylic acid. In acute toxicity tests with “Cu,l,,
an oral dose of 2,000 mg/kg of body weight fed to 5 laboratory
rats produced diarrhea but did not kill them; with an oral
dose of 500 mg of Cu.I,/kg 5 other animals suffered no ill
effects. A dose of 125 mg of cuprous iodide fed to a 250-gm
rat is 30,000 times the daily requirement of iodine to main-
tain normal thyroid glands and accordingly such a rat would
need the low level of 0.0000039 gm/per day.

Rats were fed 1,000 mg of 3-5-diiodosalicylic acid per kilo-
gram of body weight, mixed with meat. Watery stools were
the only symptoms, and the rats recovered without any ill
effects. This is about 60,000 times the daily requirement of
iodine by rats. Five hundred milligrams of 3-5-diiodosalicylic
per kilogram produced no apparent symptoms. Autopsies on
animals which were fed 0.1 and 1 gm of Cu,I,/kg of food and
0.1 and 1 gm of 3-5-diiodosalicylic acid/kg of food for 5 months
showed no liver, kidney or intestinal abnormalities. The ani-
mals gained weight normally and were in excellent health
at the conclusion of the tests. In the amounts necessary to
supply iodine needed to protect thyroid glands, Cu,I, and
3-5-diiodosalicylic acid can be considered non-toxie.

SUMMARY

Iodine was found to he nutritionally available from in-
soluble cuprous iodide, diiododithymol, and 3-5-diiodosalicylic
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acid. Acute and chronic toxicity tests indicated that Cu,I,
and 3-5-diiodosalicylic acid were non-toxic in amounts required
to protect the thyroid gland.
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‘Several investigators have reported that po-
tassium iodide(1,2), organic iodides(3) or
desiccated thyroid(3) inhibited formation of
atheromatous plaques in cholesterol-fed rab-
bits. While KI and organic iodides had a
tendency to cause hypercholesterolemia, thy-
roid powder lowered serum cholesterol some-
what. Similar effects of these compounds on

. serum cholesterol have also been observed in
- chickens(4), although no anti-atherogenic in-
fluence was found. Recently, administration
of KI to rats for very short periods was shown
to cause a 2-fold increase in serum cholesterol
(5).

The present study was designed to examine
effects of various dosages of KI as well as of 2
thyroid-active substances (diiodotyrosine and
thyroxine) on development of atheromata and
on serum cholesterol and b-lipoproteins of
rabbits fed cholesterol. The anti-atherogenic
effects of large dosages of KI are confirmed.

Methods. Male rabbits of the Dutch belted
strain were maintained on a diet of rabbit

chow (Wayne Rabbit Ration, Allied Mills,
Chicago, Ill.) which had been thoroughly
mixed with a suspension of cholesterol in corn-
oil so that every 100 g of food contained 2%
cholesterol and 6% corn-oil. The basic diet

. was augmented with amounts of KI or of di-

iodotyrosime as noted in Tables I and II by
spraying the appropriate solution on the pel- -
lets while they were tumbled in a concrete
mixer. This was done before adding the
cholesterol-oil suspension. The thyroxine was
administered by the intraperitoneal injection
of 0.05 mg, 3 times weekly. After 8 weeks
the animals were sacrificed and aortas ex-
amined visually for atheromata and graded
on a 0-4 scale. Averages for each group are
given in Table I. In Exp. 1 and 2 the entire
aorta was graded, in-Exp. 3 the arch and thor-
acic portions were graded separately. Sera
were assayed for cholesterol(6) and lipopro-
teins(7) and livers were excised, weighed wet
and analyzed for cholesterol content. Average
values of these are stated in Tables I and 1I.
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TABLE L. Autopsy Findings on Rabbits Fed Cholesterol Diets Augmented by KI, Diiodoty-
rosine and Thyroxine. )

Serum
No.of Wtchange chol. Liver wt  Liver
Group* animals ®) Atheromata (mg %) (g) chol. (%)
TExp. 1 '
19 KI 9 —_ 553 2170 70 2.9
Bt 10 —_ 1.55 2260 98 8.3
Exp. 2 ‘
1% K1 ! 8 106 1.00§ 3830 —_ —_
B 14 212 2.70 3150 —_ —
Exp. 3 Areh Thoracie i
001 KI 10 132 220 140 2520 89 41
01¢% 9 60 211 144 2610 81 3.9
A% 7 8 -3 1.94 1.00 2490 75 3.6
1 9% ” 7 -59 93§ 14 2400 63 2.3
DIT|| 10 117 2.65 140 2360 67 3.7
T 10 -51 1.75 .75 2270 88 4.0
B 7 81 2.43 .93 2800 80 4.0
* All diets contain 29, cholesterol, 69 oil. t B —— Basic diet. $ p <.0001.,

§ p <.001.

|| 0.1¢% diiodotyrosine,

{ Thyroxine, 0.15 mg/wk, i.p.

TABLE II. Serum Lipoprotein Levels of Rabbits Fed Cholesterol Augmented by KI, Diiodoty-
rosine and Thyroxine,

p———————8erum lipoproteins, 8, mg %o———

Group* 0-12 12-20 20-35 35-100  100-400 Total
Exp. 1 o
19 KI 480 727 528 650 461 2846
Bt 165 550 851 650 411 2627
Exp. 2
1% KI 998 649 616 1064 1209 4536
B 362 750 1223 1309 682 4326
Exp.3
0019% KI 261 555 1006 1388 696 4006
01% 158 490 864 1000 546 3058
A% 7 208 491 786 1106 816 3407
1 9% ” 367 464 522 . 956 1050 3359
DIT} 186 448 773 1202 829 8438
Té 115 274 675 933 861 2858
B 241 481 845 1301 1073 3041

* All diets contain 2% cholesterol, 6% oil.
$ Thyroxine, 0.15 mg/wk, i.p.

Results. The data show that only large
Imounts of KI had any significant effect on
formation of atheromata. At levels adminis-
tered, neither dijodotyrosine nor thyroxine in-
hibited atherogenesis. None of the compounds
produced significant hypocholesterolemia, nor
was there a distinct lowering in lipoprotein
ftactions. In this connection it is of interest
!h.'lt the concentration of the cholesterol-rich
*0-12 class lipoproteins(8) was higher in the
troup receiving 1% KI than in controls. Of
fuups in Exp. 3, that on thyroxine showed
"West cholesterol and lipoprotein levels al-

t B = Basic diet, 1 0.1% diiodotyrosine,

though atheromata were considerably higher
than those in animals being fed 1% KI.
Moses and Longabaugh(9) observed no sig-
nificant reduction in atheromata when they
administered small dosages of KI to growing
rabbits. Groups receiving 325 mg KI daily
(plus 15 g cholesterol/week) showed some-
what lower average atheromata than did the
control group, while the atheromata of the
group fed 20 mg KI were more severe. Rosen-
thal(10), using very small doses of KI (3-7
mg) in cholesterol-fed rabbits found elevated
serum cholesterol levels, and more lipid in
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aortas of these animals than in the controls.
Greatest protection against atherosclerosis was
observed when the cholesterol KI ratio was
approximately 2:1. Turner(1,2) fed equal
amounts of cholesterol and KI, and Page
and Bernhard(3) fed approximately equal
amounts of cholesterol and diiodoricinsterolic
acid. Moses and Longabaugh(9) employed
ratios of 7:1 and 100:1, with the former giv-
ing relatively greater protection. ‘

In Exp. 3 there was a slight weight loss in
groups receiving 0.1% KI, 1% KI and thyrox-
ine, but the overall weight difference in all
groups was small. Firstbrook(11) has pointed
out the high correlation between relative
weight gain and severity of lesions in experi-
mental atherosclerosis in rabbits, but the gains
and losses recorded in Exp. 3 are too small to
have affected the results. Both KI and con-
trol groups gained in weight, and there seemed

- . to be no correlation in individual animals be-

tween atheromata and weight change. The
1% KI diet, while causing no hypocholester-
olemia, lowered average liver cholesterol con-
tent significantly. '

Summary. 1. Groups of rabbits were fed a
2% cholesterol diet augmented with 0.001%,
0.01%, 0.1% and 1% potassium iodide,

SALIVARY GLAND VIRUS FROM ADENOIDS

0.1% diiodotyrosine, and one group receiveq
0.15 mg of thyroxine weekly by intraperi.
toneal injection. 2. Serum cholesterol and lipo.
protein levels of all animals were elevateq,
but atheromata were significantly reduced ip
those on diet containing 1% KI. The S, 017
lipoprotein levels were also higher in anima)s
of this group than in controls, but on the
whole levels of liver cholesterol were lowest.
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/ Anti-tumorigenic Action of lodinated
. Compounds -

, As one of us (F.B.0.) had observed that the
administration of a mixture of aqueous solutions of
potassium iodide and potassium iodate induced
favourable effects in cancer patients, we decided to
carry out an experimental study in rats.

White rats received an implant of spindle-cell sar-
coma of a strain obtained by courtesy of Prof. E. Cruz -
Coke, of the Institute of Physiological Chemistry of the
University of Chile. Animals were given a dose of
0-2 ml. per 100 gm. body-weight of a solution contain-
ing 0-482 M potassium iodide and 0-083 M potassium
iodate, three times a day, via cesophageal tube. In
this way, 43 mgm. of iodine per 100 gm. of body-
weight was administered to each of these animals
every 24 hr. Previous experiments with nineteen
animals thus treated, giving the iodine solution either
two weeks before or on the same day as the implanta-
tion of spindle-cell sarcoma, showed that the treat-
ment produces a marked inhibition on the growth of
the tumour ; in more than 70 per cent the tumours
disappeared leaving no traces, whereas twenty-one
untreated animals developed large tumours and died.
Of the first nine animals treated, six still survive-—
116 days after treatment was suspended.

We then used another experimental series consist-
ing of two groups of thirty-eight animals each. In
one group, the treatment was begun forty-five days
before the implantation of the sarcoma. The tumours

Table 1
Animal ‘Weeks
nimals -
1st 2nd Srd 4th | 6th 6th 7th &th
Control No. of survivors 11 |y 11 8 5 8 1 1 0
- 8ize of tumours* 19 39 67 6-0 74 66 68 -
First series
Treated No. of survivors 10 10 10 8 8 8 8 &
Size of tumours* 18 20 19 0-6 02 0-1 —_ -
Control No. of survivors 10 10 10 5 b5 4 1 0
Size of tumours* — 14 26 33 68 75 82 06
Second serles ]
Troated No. of aurvivors 9 0 0 9 0 9 6t 6
Size of tumours® —_ 11 19 28 24 2-3 30 T
. Control No. of survivors 85 3b 30 26 22 " 14 0 -
Stze of tumours* 16 2-1 27 33 42 5-0 49 .
Third serles —
Treated$ No. of survivors 34 34 34 34 34 34 34 -
Slze of tumours* 15 15 12 138 15 18 10 -
R

* Avorage of {;reatust diameter of the tumour in cm,
+ Throe anlmals died acchdentally. '
$ In thirty-two aninals of this group there were no traces of the tumour Ly the seventh week of obaervation.

grew in thix_'ty-four animals of ecach group. Duri
Nature 176(4479( 3’4—6‘-‘46?- 1955 an observation period of sixty-four dgys, I:.hu'tyufl"tl)‘llg
of the non-tr?ate?_ rats died on account of large

. tumours, ranging from 15 to 45 . in wei
Reproduced by permission the treated unin?als are still a]ivog.m Bﬁi&i‘%ﬁ f(ﬁxlzl-
of $he sopyright ownet treated rats in which there was no initial tumour
growth, all the treated animals of this group show
no traces of the tumour at present, due to its
regression. -

The iodide-iodate solution at the specified dose
and rate of administration has been well tolerated
to t}le extent that it has produced no hindranco ot"
bodily development. :

Studies of the metabolism of these and othor
halogenated substances, their influence on the weight
of different organs and their action on various
tumours, as well as tho effect of smaller doses of the
iodinated solution, are being carried out.

F. B. OBeruavUskn
H, R. Croxarro
M. Q. Gamwrarp

. © V.M. SiLva
Laboratory of Chemistry and

Laboratory of Physiology,
Faculty of Philosophy and Education,
-University of Chile.
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EXPERIMENTAL STUDIAS CF THZ PRCPHYLACTIC AND TOXIC EFFECTS OF
PCTASSIUM ICDATE AS A MEANS CF ICDIZING TABLE SALT

Iv. Penchev, T. 3taykov, D. Strashimirov, G. Dashev

Sofia, Dept. of Zndocrinclogy and Research Group, Directing
Professor Iv. Penchev

Todized prophylactics in our country are made from table
salt, lodized with potassium icdite and an added stabilizer
oy magneslum carhonate. They are supplied to the populace in
speclal one-kilogram boxes (inside a dark-colored parchment
paper). This packaged i1odized salt has a usefulilife of three
months., Several experiments have established that due to the
moisture and impurities in this salt, it quickly loses its
lodine content. In addition the special packing hinders pro-
duction; Iodized salt €Eﬂs around for a long time bhecause
of 1ts position in endemic regions and the population consuming
it recelves it long after 1t has terminated its usefulness.

These circumstances have urged the study of questions regarding
tatle salt lodized with potassium iodate, which has significant
advantages over lodide, and intake in sufficient cuantities may
even completely replace it in the tiochemical svnthesis of thyrold
hormones (4,5). In recsnt years salt has heen iodized - ith potassium
lodate in Mexico, Guatemala, oumani:, snd other ccuntries (5).
Potassium lodate 1s consistently stadle in content and im-
puritles whilch occur in the szalt, hut it is oxidized as culckly
as /s 1 potassium lodide. An import .nt advintage is 1ts lower
solubility in water in comparison tc potascium lodite. It is
known that the latter absorhs Impurity particles with increasegd

humidity and may even be transfered to the packing mauterial (the
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tox). Thus the iodine content in the salt is lost or decreased,
The lesser amount of migration in potassium lodate 1s associated
with i1ts low solubility in water in particular. Bescause of this
property, this salt 1s more convenient for lodization, especially
in an area where it wculd be exposed to unfavorahle chemical and
climatic effects (5). Arroyare, Pineda, and Scrimshaw estab-
lished that under tropic conditions (in high humidity for eight
morths), the salt, KepT in 50 kg cotten bags in open
compartments, loses 3.5% iodate at a humidity of 70-84% (5).
Cur sclentists Verbanoz, Khristov, and Staykov also noted that
sea salt lodized with potassium lodate was more stahle than .
when prepared with potassium iodide and a stagilizer (2).
Similaf studies which have obtalned analogous results were
verified 1ln Venezuela, Frazll, and other countries, showing the
indisputahle advantage of potassium iocdate for iodizing salt (5).
However there 1s another cuestion which still prevents the
wide application of potassium iodate fTor ilodlzing table salt -
the danger of a toxlec effect on the lodlzed suhstance. Inform-
ation on this behavior is poor, *ut there 1s data which affirms
one analysis in applying 2 preparation contalring potassium
iodate (6,7). In treatings rats with larce Jdoses of potassium
lodate, Tsanev and Dashev noted serious toxlc chanres in the
parenchymal organs. These doses alsco had an inhititory effect
cn the function of the thyroid gland (#,7). 3tudies of the
toxlcity of potassium lodate fron tre Seisntific esearch

Medical Congress 1n Creat “ritain and the Toard for prescrving



products and médical preparations in the Health Protection
Department on the U3SA indicate that this toxicity was low (3).

All the effects of potasslum lcdate have not been investigated
satisfactorily, in relatlon to the organism during prolonged
consumption , although it 18 already known that large doses
taken once do much gocd, are quickly dissipated, and free iodine
needed for synthesis of thyroid hormones (3,5).

In lookling at the data indicated and the possibilities for
potassium iodate in the lodization of tamle salt, we undertook
an experimental study on the effect of potassium iodate, given
continuously, on the function of the thyroi# gland for different
lodine contents 1n the diet, as well as any téxic action on the
parenchymai organs.

Materlal and method. White male rats were used in the

experiment, originally weighing 120-130 ¢. The animals in the
first series of 5 months feceived 2 food triquette with 360/ug/kg
lodine content and were given duily with a stomach prohe, the
following:

Group 1 - control - 1 ml distilled water (10 rats)

Group 2 - l/ug potassium iodite in 1 ml water (15 rats)

Group 3 - 5/ag potassium lodate in 1 »l water (14 rats).

The animals in group 2 were fed for 1 month in.lahoratory |
preparation food poor in iodine (9), with 2an iodine content of
240/ug/kg. After thls perlod they were riven, through a clean
stomach probe, daily, the following:

Group 1 - control - 1 ml distilled water (1C rats)

Group 2 - 5 g potassium icdats in 1 ml water (1C rats).
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At the end of the experiment the fats vere injected intra-
perlitoneally with S/aK of I-131 and I-131 absorbed from the
thyroid gland was traced for 2, 4, 6, and 24 hours without
narcosis, using a scintillation counter. The absorbed I-131
was calculated in percent with respect t§ a standard 5/uK I-121,
under eﬁsnbj conditions. For the animals in the second
series, in a 48-hour trace of I-131, blood was taken during ether
narcosis, uslng a syringe. After determining the albumen content
of I-131 (AC I-171), 0.5 @1 of plasma was precipitated in two
stages with 5 ml 10% trichloracetic acid, and the trace was
washed with distilled water; activity was determined with a _
scintillator. The following results of the t;aces, corrected
for backgréund, were calculated for 1 ml plasma.

The animal welghts were measured at the beginning and end
of all the experiments. The animals were kllled by exsangulna-
tion and the‘weights of the thyrold glands, noted on a torsion
balance, were recorded as a Carnua estimate., Paraffin clices
of B/u vere studied ir periodic acid and Shiff's reagent,
according to the method of MacManu=~ "¢ ¥ntehkiss, with Toluidine
Rlue at pH 2.8-5.2 as titrated with testisvlar hyvalouronidase and
/a-glucocoronidase. In addition, there were studles of NMA using
Trashe's method of modifyinz and on DEA, using Telrcen's method
in comparison with the controls. Materisl rrom the myocardiﬁm,
liver, and kidneys was taken for a histological examination for
possible toxic changes In the parenchymal crgans.

All the results were analyzed statisticallv usin: 3tudent's

t-test.



- RESULTS

In the rats from the rirst series, which had received food

with normal 1cdine content, and were chronically treated with

potassium lodate iIn doses of 1 and 5 mg, there appeared a moderate

decrease in absorption of radiolodine from the thyroild gland

(Tahle 1).
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Table 1

Rats fed usual food briguetts
Group

Controls (10)

Potassium 1odate 1 e (15)
Potassium lodate 5/ag (14)
Beody Welght, g

Original

Final

Thyroild glénd mg/10C g
Absorptlon of I-131 from thyrold gland in percent of
2 hours

4 hours

dose



14, € hours

15. 24 hours .

16. Data were averaged arithmetically and errors were averaged.
In parentheses the number of animals in the group is given.

# p less than 0.05 |

#% p less than 0.0l in comparison with control group

The degrees of loss show dependence on the dose received.
During treatment of the pats with 1/“5,a definite decrease was
established in the absorption in the 4- and 6-hour periods.
During 5/ug treatment, there was a definite decrease hefore each
hour of the study. The thyroid glands did no% show any consider-
able decrease in welght after the final treatment of the animals
with l/ug of potassium lodate.

Histologlically the thyroid glands from the control rats were
characterized by oval folllicles with a 4%/(diameter, covered with
cubic eplithelial cells 19/4 in size. The cytoplasm 1s homo-
geneous and the nucleus rich in chromatin. Upon iiluminating the
follicles, a PAS-positive collold was ohkserved with a normal
amount of resorption vacuoles (™ig. 1). In rats which received
l//gg of potasslium lodate, the folllcles were oval, covered with
cublc eplthelial cells gﬂ,in slze. In 1lluminating them, they
had a normal amount of colloidal material with resorption vacu-
oles. In the group of animals treated with 5//ug of pectassium
lodate, an increase in follicle diametervwas noted - up to €0-
q;a(Fig. 2), In the colloid, trere 1s a tendency toward

increased loss of PAS-pcsitive material. 7The cuantity of re-
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gsorption vacuoles was decreased. Epitﬁelial cells ﬁero cuble,
with a tendency to be lower in particle spearation. Their
size was %/z(see rig. 2).

In spite of the length of the treapment with potassium
iodate, no changes were established in the bshavior and external
form of the animals. Inérease in weight was the same as in
the control group. Macro- and microscopiec data dld not eastablish
any injury to the parenchymal organs.

Among the rats from the second serles of experliments, who
received food poor in iodine, two rats were chosen from thg
control group. Eilght rats remaining from thi? group showed .-
slgnificant acceleration and 1lncreased I-131 abscrption from the
thyroid gland; their wéight was also increased (Table 2). The
rats in this experimental series which were treated with 5 g
of potassium iodate, had, in comparison with the controls, a
significantly lower absorption of I-131 from the thyroid and
lower thyroid gland weight. In this connection, the results
approximated those obtained in the control group of animals who
received a normal iodine diet. The AC I-131 activity in the
plasma of rats treated with potassium iodate was significantly

lower than activity in the controls (p less than 0.001).

/
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l. Table 2

2. Rats fTed food poor in iodine

3. Group

4, Control (8)

5. 5 g potassium 1lodate (10)

6. Body welght in g

7. Original

8. T™inal

9. Thyroid zland mg/100g
10. 1I-131 absorption from thyroid gland in percent of dose_
11. 2 hours )

12. 4 hours

13. 6 hours

14, 24 hours

15. I-1%1 AC 4mp.(min.) in 1000's

16. Data was averaged arithmétically and errors were averaged.
Numbers of animals in groups are in parentheses. #p less than

0.05, ##p less than 0.Cl, =%¥p less than C.CCl 1n comparison with

control group

And for this series the data did not establish a toxic effect
for potassium iodate. Indedd the reverse - the rats treated with
potassium lodate showed an ahsence of mortallity and a signifi-
cant increase in body welght in comparison to the control group.

A histologlcal study of the thyrcid glands of animals

which received food poor in lodine showed that, in comparison




o

. ]
U -,

I

)
AE

’“.‘. +

R

®ur. §

1
‘C b
Pl SO

F7', 4




with the control ani- 2ls from the first serles, there was present
2 majority o miercfollicles covered with large cubic cells (12
/w), in which a licht weaklv showed PA3-positive colloids. In
the interstitial space was noted epithelial material (Tiz. 3),
~ats treated with pétassium lodate showed a histological pattern

for normaley under these conditions (Fig. 4).

DISCUSSICN

The results ohtained under conditlions of chronic trsatment
with potassium 1o<ate showed that for a normal lodine diet in
daily doces of E/ug, the function of the thyrold gcland was
moderatelv decreased. The evidence “cr this is the noted lower-
ing of I-131 absorption from the thvrold gland, which 1s expressed
for increased doses of the preparation. In this connection,
the effects of potassium iodate resem™le the effects of potassium
iodide (10,13). lMacro- and microsccpic)data on the known de-
crease In thyrcld gland welcht wae net positive, bhut it never-
theless indicates a tendencv of the thvroid giand to rest., a4
histological pattern cclincided with thot co-talined 1In our previous
experiments on application of sueh Jdoses o7 potascium lodate, Hut

- PR .

for o shorter trsatment period {(7,7;. T2 o0 socnee of toxile

changes in the parenchyvmal crouns oo In revel Jrevth in rats

¥al

er % monthie wuv te taken as evid-

treated with potassium lcdate
ence that at sultalle desaces, thia nrelen-oet aprlication dees
nct preoduce a toxlc ¢ffect on the crrunise,

The possinilitv of 1ts use 28 »nrentvlaxis “cr icline-dz7icl-
ent hvperplasla of the thyrold =land le¢ ceonvincein—ly conirmed

from the results ohtalined from ruts vhich recoivel Tocl ocor in
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fodine. The control animals in the second series of experiments
wltrout ths inteeductlon of potassium lodate showed a number cof
slgne of activation of thyvreid function, characterized by an
lodine detlelency: an increase in thyrold welight with histological
changes, indiecated ™y lnereased thyrotropine stimulation,
greatly increasing iodine (I-131) ahsorption frem the thyroid
and a high amount of AC I-131 in the plasma. 4 similar pattern
1s observed ir endemic I-131 glcter (12,14) in expsrimentally
produced iodine deficisnev in rats (&€,17). Animals treated with
potassium lodate in dalily doses of 5/a5 almost completely
counteract those patterns, as, morphologlcally and functionally,
the thyvreld functicon sppreximsates that of thercontrol animals
vhlch rerelved foecd wilth the usual iedine content. It 1= worthy
te note and record normal gsrewth in animals which in the ceontrol

roup wes Jilcturted Jdus te ledine 2eficiznev.

4 related mechanlsm, according to which potacsiun folote
acte upon the thyrold glend, mer o nropesed, in reviswving

analogous crzerved changes Ir rots irecnled vith potascsiun lodated
Ierdne eontent of the ~reparaticn “oterpdrcs 1ve «Tlect o tre

thyroid. It 1a krown that “¢r “i-vor lcoey o 1eline, thuvreld
y ’ ,

‘uncticn 12 lecruazed (31). Teor o ool doliiv: iiet, this
cTfzet 1s cumerved sven Tor 1 o <dallr eser ¢ sot2ssium lodnte.

Por diete noer in leiiine, hewovasr, coczoof ?/ag il oare

suffleclent tc recuce almost cowmnlestely Yo funeticn of the thyreis
zland. 4 smaller amcunt ¢ icuincg, n Yo ocucn oo ?/am,

wriech correcnonde to the nucosntnys Jaile ameount of icoitro for

rats (&), has = clear &Tfzet and bhas Loo Ceen unuaercteod as
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as sufficient iodine nscessary for normal blosynthesis of

thvroid hormones. A lever amount of absorption of I-131 and AC
I-171, measured in rats treated with potassium lodate, in spite
of the ~iven lodine-pcor diet, comTirmed the similar mechanism

Tor action.

CCUCLUSICES

l1. In chrenice treatment of rats placed on 2 normal
lodine dlet o7 & g cf potassium lodute dzlly, a moderate
loss of tryreld zland functlon was ohserved. Texle changes
disappeared Iin the parenchymal orsans and normsal growth was
established in ths experimsntal snimals. -

2. Rats placed on an 1lcodine-pcor diet showed signs of
activated thyrecld gland functlon, characterized »y lodine
deficlency. The animnls treated with 5 4z of votassium lcdate
dallv reversed these si ns, as, morphecleziczlly and Tuncticnally
the thvroid gland approximnted that in ths contrel animals,

B

YMormal growth continued in the =nimile, *ut vae <disturted in

the control ~roup woth 1eodine "z iciencv.

3, Prolonged (5 months) zirimistraticn ¢” potuassium
iodate to rats zave us a rasis Tor corcluﬁing'thnt in the doses
civen, the assoclation providss for cownlitzly nermal hlochemical
svnthesis of thyroid hermenes, vithcout teoxle cornrco in tre
parernchymal organs helng ohzerved. Tris operrmittel the pessitle

use of potassium lodate Tor ledizing; tarls snlt

for mogs 1cdine

nprophvlaxis.
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Two recent reports(1,2) have described the
toxic effects of excess dietary iodine upon rats
and rabbits. The primary effect, when fed to
pregnant rats, was a failure of lactation and
high mortality of the young. Dietary levels

of iodine from 500 to 2500 ppm as KT caused

*Florida Agri. Exp. Stations, Journal Serics”};"‘;-
2382,

! This work was supported by Grant AMO08760,
Nat. Inst. of Health.

TABLE L. Production, Fertility and Hatchability of Fggs from Hens Fed Todine (10 Hens per

Treaiment).
Delayed
. No. eggs % Em- incubation,
Ppm Wecks Total % bryonic 9 Died % No.
iodine 1 2 3 4 eggs  Fertile dcaths* inshell* Hatched* 24-36 364t
Trial 1
0 31 26 20 32 118 94 5 ] 88 — —
2500 31 4 4 3 42 81 38 6 56 7 3
5000 22 o0-1 0 23 83 11 32 58 4 1
Trial 2
0 44 35 37 37 163 86 13 4 83 —_ —
312 36 39 36 36 147 86 44 8 47 10 5
625 34 28 35 32 129 78 66 6 28 5§ 5
1250 37 32 27 28 124 77 62 7 31 4 6
2500 3 13 9 7 59 83 59 10 31 2. 3

* Based on fertile eggs.

increasing mortality of the newborn which
approached 100% at the higher level. Ovula-
tion, implantation, number of young born
and birth weight of young were not affected.
The same levels of iodine fed to pregnant
rabbits caused equal or greater mortality of
the young but some female rabbits lactated
even though all young died. Gestation time
of rats was not affected, but prolonged and
incomplete parturition and lack of mothering
instinct were observed. Hamsters and swine
were not affected by the dietary levels of
iodine which were toxic to rats and rabbits
(2).

Earlier studies with poultry(3,4) indicated
harmful effects of excess iodine, but details of
the effects upon reproduction were not re-
ported,

The present study was designed to deter-
mine production, fertility, embryonic mortal-
ity and hatchability of eggs when hens were
fed various levels of dietary iodine.

Methods. Eighty mature White Leghorn
hens were used in 2 trials. Procedures for
hoth trials were similar except for time and
levels of jodine fed. In the first trial, iodine
4s KI was added to a basal laying diet in
dmounts to provide 0, 2500, and 5000 ppm.
Levels of 0, 312, 625, 1250, and 2500 ppm
were used in the second trial. The basal dict
Was composed of natural ingredients and
identical o one previously described(5) con-
Wining 17% protein and 0.49% iodized salt
which contributed 0.3 ppm iodine to the diet.
Control diets contained K,CO; to provide po-

@ amla\

t Hours beyond average for control.

tassium equal to that in the diet with 2500
ppm iodine. Experimental diets and tap
water were fed for 28 days to groups of 10
hens per treatment. Hens were housed indi-
vidually in wire laying cages. On the day
prior- to iodine feeding, and weekly there-
after, hens were artificially inseminated using
pooled semen from normal males,

Eggs were collected daily, identified and
incubated at periodic intervals. On the 2nd,
4th, 9th, and 14th days of incubation, eggs
were candled for determination of fertility
and embryonic death. Hatchability was calcu-
lated as a percent of fertile eggs.

Results and discussion. Data representing
egg production, fertility, hatchability and in-
creased incubation are recorded in Table I.
Hens fed 5000 ppm iodine ceased production
within one week after the initial iodine feed-
ing. Egg production ceased in 90% of the
hens fed 2500 ppm in the first trial and rate
of production at the same iodine level in the
second trial was 21% of the controls. Pro-
duction was slightly reduced in the third and
fourth weeks in hens fed 1250 ppm iodine but
not affected at the lower levels. All hens re-
sumed laying within 7 days after removal
from the iodine treatment. Molting, which
normally accompanies a cessation of egg pro-
duction, did not occur in hens which were fed
iodine and ceased production. Body weight
and condition of the hens were not adversely
affected by the iodine fed.

Fertility of the eggs produced during the
period of iodine fecding was not affected.

N LA anrs
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During incubation, however, mortality of the
embryos was greater in eggs from hens fed
iodine. Percent hatchability, based upon num-
ber of fertile eggs, was reduced from 85% in
controls to an average of 43 and 58% in those
fed 2500 and 5000 ppm iodine, respectively.
Length of incubation time was increased by
24 hours or more beyond the normal in ap-
proximately 209 of the eggs from hens fed
the two higher levels of jodine. Delayed
hatching was also observed at the lower lev-
els of iodine. Some embryos survived the in-
cubation period but chicks died in the shell,
apparently too weak to break the shell.

The adverse effect of iodine upon egg pro-
duction appears to be temporary since hens
resumed production after removal of ibdine,
but subsequent hatchability has not been de-
termined. Rats and rabbits have produced
and nursed litters normally after removal of
dietary iodine(2). The absence of any acute
gross effects upon hens appears related to
similar observations on non-pregnant, non-
lactating rats and rabbits. The mode of ac-
tion of the excess iodine in producing the ef-
fects observed is not known, but results sug-
gest an interference with hormone production
or function. .

A recent study(6) has shown that iodine
depressed growth and increased mortality of
chicks fed a diet low in chloride and also de-
pressed growth when adequate chloride was
fed. Dietary chloride (2400 ppm) in the pres-
ent study was considered adequate and since
little evidence for an interaction between the
two elements was observed in the former

ToptNE ToxICITY IN POULTRY

study(6), a deficiency of chloride was appar-
ently not a factor in this study. Following
the report of chloride deficiency in relation to
iodine, an experiment was conducted with
rats(7) in which 2 percent additional Na()
was added to diets with toxic levels of iodine.
The additional NaCl did not prevent or re-
duce the harmful effects of iodine.

Summary. Laying hens were fed 312 to
S000 ppm iodine as KI in a practical laying
diet and egg production and hatchability de-
termined. Production ceased within the first
week in hens fed the highest level and pro-
duction was reduced at the lower levels. Fer-
tility of the eggs produced was not affected
but early embryonic death, reduced hatch-
ability and delayed hatching resulted. Hens
resumed egg production within seven days
after removal from iodine feeding.
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Tumour-inhibiting Properties of Potassium
lodide Solqtlor; containing Potassium
: : odate

F. B. OBERHAUSER ef al.! have recently published
results of experiments in which they tried to influence
the .growth of a rat sarcoma by oral treatment of
the animals with solutions of potassium iodate in
potassium iodide. .

The surprising results obtained by these authors
seemed to justify a repetition of the experiments using
another strain of rats and a sarcoma obtained from
another source. ' N

We used male Wistar rats aged 3-34 months and
an average weight of 200 gm. These were implanted
with §5-10 mm.? samples of rats’ Jensen sarcoma sub-
cutaneously in the back. (We owe this tumour to
Prof. Lettré from the Cancer Research Institute of
the University of Heidelberg.) One hundred animals
used in these preliminary experiments were divided
into three equal groups. The animals of the first
group were implanted with the tumour only, whereas
those of the second group were treated only with the
solution used by Oberhiauser et al. by stomach tube.
The animals of the third group were treated with
0-2 ml. of this solution three times daily for 20 days
preceding the tumour implantation. Those of the
fourth group received the same treatment 10 days
before and 10 days after the tumour implantation.
Finally, the fifth group were treated with 0-2 ml.
of the solution for 20 days after the implantation.

The results can be summarized as follows. All
animals of the first group, with the exception of two
which died from a wound infection on the third and
fourth day respectively, died within about 30 days.
The majority of the animals in group 2 died from

" diffuse heemorrhagic gastritis. In these, numerous

erosions of fho gastric mucous membrane were found
and in some cascs the stomach was filled with blood.
So:  animals died from bronchopneumonia. On the
thir: ;- fifth day of the treatment only six survived ;
theso too had lost much weight and were apathetic
and without appetite. Most animals of group 3 died
before the implantation of tumours, partly from
hemorrhagic gastritis and partly from broncho-
pnoumonia, others from unknown reasons (some of
tho doad animals had been mutilated by their littor
mates). Thoso animals which survived the pre-
treatinent diod from their tumours after an average
of 30 days. The oxperiments of groups 4 and §
had an analogous result. '

Tho rats uscd in our exporiments can thereforo
be said to havo sustained great damage whon treated
with tho solution described by Oborhausor et ol. in
the way and in the same quantity used by thoso
anthors, cousing the denth of the majority of tho
animals.  Those animals which survived the troat-

ment died from thoir sarcomas. No inhibition of
tumour growth was obsorved with this treatment.
The high mortality of tho treated animals rendored
it usoless to continue these exppriments on the basis
of the dosage applied by Oberhauser et al.
F. SerLion
K. Karrer
Austrian Cuncer Research Institute,
Borschkegasse 8a,
Vienna IX.
April 18.

! Oberhanser, ¥, B,, Croxatto, 11. R., Galllard, M. . and Sl M.
Nature, 176, 466 (1055). M. Q.. and Sliva, V. .,
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Effect of KI upon Basal Metabolism and Respiratory Quotient in
Thyroidectomized Guinea Pigs.*

.

WALTER J. SIEBERT,
From the Department of Pathology, Washington University School of Medicine.

Loeb, Gray and Rabinovitch, McCordock,” and others have
found that the administration of potassium iodide causes a marked
stimulation of the thyroid gland in guinea pigs, as shown by a great
increase in the number of mitotic figures, a slight softening of the
colloid and an increase in the height of the acinar epithelial cells.
Cordonnier* and the author® found that the basz! metabolism was
only very slightly affected after administration of KI in guinea pigs.
In the latter experiments, the majority of the determinations as welt
as the average for all the animals was at the upper limit of the
variations obtained in normal animals. Loeb' suggested the fol-
lowing possibilities to explain this discrepancy which exists between
the marked degree of stimulation of the thyroid gland and the very
slight effect upon basal metabolism after administration of KI.
(1) Although KI stimulates the thyroid gland at certain periods of
its action at the same time it prevents an excess of thyroxin thus pro-

- duced from leaving the acini, and instead it is at least partly re-
tained in the gland. (2) The stimulation of the acini does not
necessarily lead to an excess production of thyroxin. (3) Peripheral
effects counteract the stimulating effect of the thyroid hormone
upon the basal metabolism.

The following experiments were carried out to investigate the
-peripheral action of KI. Twelve male guinea pigs, weighing be-
tween 400 and 450 gm., were as completely thyroidectomized as
was possible, and 3 weeks after the operation, 8 were given 0.05
gm. of KI by mouth daily and biweekly metabolism tests were
"made. The remaining 4 guinea pigs served as controls. These
were similarly thyroidectomized but were not given KI. At the

*'These investigat' .s were carried out with the aid of a grant for research i
science made to Waslington University by the Rockefeller Foundation.

1 Loeb, Leo, Am. J. Path., 1926, 2, 19,

* Gray, 8. H., and Rabinoviteh, J., Proc. Soc. Exp. BroL. AND Mep,, 1929, 28,
468.
s MoCordock, Howard A., Proc. S8oc. Exe. BioL. AND Mep,, 1928, 26, 109.
¢ Cordonnier, J., Proc. S8oc., Exp. BioL. AND MeD,, 1929, 26, 636.

s Biebert, Walter J., and Smith, Robt. S., Proc. Soc. Exe. BioL AND M®.
1930, 27, 629,

Proc. Soo. Exper. Biol % Med. 2911146~1148, 1932
Reproduced by permission
f the sopyright owref
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operation, a careful effort was made to remove all of the thyroid
gland tissue and to leave behind sufficient parathyroid tissue to
prevent tetany from occurring. It was found, however, when autop-
sies were performed and preparations made of suspicious tissue for
microscopic confirmation that in the majority of animals sn: 'l rem-
nants of thyroid tissue could be found. It is very probable that
these remnants of thyroid gland tissue become sufficiently large to
be seen only after compensatory hypertrophy has occurred. The
control animals and the KI fed animals were tested at the same
time under similar conditions. The Haldane open circuit respira-
tory calorimeter was used to make the tests, made after a 24-hour
fasting period. Amytal (Lilly) in small doses was injected sub-
cutaneously just prior to the trial periods to keep the animals quiet
while determinations were being made. TFwo hour test periods were
used in each case. The basal metabolism values of the 4 control
animals ranged from 2.0 to 3.14 calories per kilo per hour; while
the KI fed animals showed variations between 1.91 and 3.42 calo-
ries per kilo per hour before the administration of KI began. Thus
the values for the basal metabolism in these guinea pigs after com-
plete or almost complete thyroidectomy ranged between 0 and 45%
below the average for normal guinea pigs. Within a few days follow-
ing the daily administration of 0.05 gm. KI by mouth ali 8 guinea
pigs began to show basal metabolism values distinctly lower than
those obtained in the animals which were thyroidectomized but to
which no KI was administered. This lowering of the basal metabolic
rate continued throughout the entire period of the experiments, from
14 to 30 days. The values obtained in the KI fed animals ranged be-
tween 1.52 and 3.30 calories per kilo per hour; and in all except a
very few determinations the rates were distinctly lower in each indi-
vidual experiment in this group than in those obtained at the same
time in the control animals. This alteration in the basal metabolic
rate ranged from 2% above to 55% below the average of those which
were thyroidectomized but to which no KI was administered. The
total average of the 36 determinations for the control group was
2.87 calories per kilo per hour, which is 18% below the average
which we obtained in normal guinea pigs; while the total average
for the 50 determinations of those which had received KI was 2.33,
32% below that of normal animals. Thus the average basal metab-
olism was approximately 14% lower in the 8 thyroidectomized
guinea pigs which had received KI than the average of the 4 thy-
roidectomized guinea pigs to which no KI was administered.

The respiratory quotients of the thyroidectomized guinea pigs
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which had received KI were distinctly higher in the large major-
ity of cases as compared with those which did not receive KI. The
respiratory quotients varied between 0.706 and 0.819 in the control
group, whereas in the KI fed group they ranged between 0.727 and
1.04. The total average of all the respxratory quotients in the con-
trols was 0.747, as compared with 0.859 in the KI fed group. In
only 12 out of 50 determinations were the respiratory quotients
within the range of the control, while in the remaining 38 tests, the
KI fed guinea pigs had respiratory quotients distinctly higher than
those of the centrol experiments. There was no correlation between
the lowering of the basal metabolic rate and the rise in the respira-
tory quotient in individual cases. .

Conclusions. The administration of KI to completely or almost
completely thyroidectomized guinea pigs causes (1) a lowering of
the basal metabolic rate and (2) a rise in the respiratory quotient,.
The peripheral effect of KI in causing a depréssion in basal metabo-
lism is at least partly responsible for the fact that KI causes only a
very slight effect upon the basal metabolism although the thyroid

~ gland shows evidence of a marked degree of stimulation.
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OSLEB, although reputed to be a therapeutic nihilist, held the view that “in
preventing the recurrence of the attacks [of bronchial asthma] there is
no remedy so useful as iodide of potassium, which sometimes acts like a speeifie, '
Cooke? also remarked that this drug is ‘‘oceasionally surprisingly effective in
asthma.”” Sheldon, Lovell, and Mathews more recently stated that ‘““in addition
to their expectorant action jodides sometimes secmn to bring about a prolonged
remission . . . though the explanation for this phenomenon is obscure.’”s This
‘Terort presents ten cases which illustrate this exceptional and often striking
. astuna-suppressive action of potassium iodide, still not widely recognized, and
littie utilized (Table I). Five cases are deseribed in more detail.

.

FASE RIPORTS - v B L SRR
Cose 1.~E, 'R, a 34-year-old man, first had bronchial asthma and atopic dermatitis
“ab the age of 2 years. Later ho had pollinosis aud nasal polyps. At 25, despite nifiny years
uof multiple desensitization, his previously intermittent afthma became increasingly intractable,
2ad he requircd cortisone fer the first time, . o .

‘Deapite psychoanalysis, he needed continuous oral bronchodilators and epinephrine
nabulizer day and night, iy total vital capacity was 3,000 to 3,400 ml, 78 per cent of normal.
Orowszond timed vitnl eepacity way reduced to 1,000 to 1,200 ml. . -

In early 1034, when 27 years of 8ge, he was dyspneie and wheezed audibly. The chest
was Wyprotreonant ane distended in inspiration, with typical sibilant rhonchi and diminished
Lyonth aqunds, Fluoroseopically, there was evideneo of emphysema. Results of intracutaneous
tosty given wéres ragwied, timothy (10 protein nitrogen units per milliliter), 3 plus; Hormo-
dendrim, 3 plus; Alternaria, 2 plus; house dust, 4 plus, . ] .

Potassium jodide was.prescribed in the form of 0.3 Gm. cnteric-conted tablets, two
tablels four times a day, 2.4 G a day. He reported his asthma improved ‘‘after the third
fosa’? and ot the end of -one week he no longer nceded Tedral or the nebulizer, Twenty-
eizht days Inter his total vital capucity had risen to 4,300 ‘ml, or 100 per cent of normal,
tnd Lig one-eecond vital capacity to 1,800 ml. He could play softball without the use of
sapriemontury medieation, ) S R : .

, Tudide therapy was contiuuved for five yoars, with persistent good effect. In addition

- tooaouree of general well-being there was a weight gain of 12 pounds dduring the first
year. Excmination of the chest showed signs neither of asthma nor of emphysema.

Cecacionally he noted a fow pink papules on face or chest which dizappeared without

Frozh the Medlcai‘Servlces and the Adult Allergy Clinle of The Mount Sinaf Hospital,
New York, - . B . s
Fecelved for publication Sept. 9, 1963,
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" change in iodide dosage. When the dosc was reduced to 1.2 Om. Per dor theie wae promgt

recurrence of wheezing, relieved by a return to previous dosage. He required higher doses,
up te 3.8 Gm. per day, following colds or during the ragweed season. lo the third year
“he went skiing in the bitterest winter cold without need of other mcdication. is total
vitul capacity rose to 4,800 ml, (above normal), .

- In the fourth yesr he first observed a small adenomatous ncdule in the isthmus of
the thyroid. He was started ou thyroid extract, 60 mg. per day, with diminution in ‘the
size of the nodule. ]

In the fifth year of trestment, jodide was Jess effective, especially jn the rgweed
season. When the usual dosage of iodide was ineffective the drug was stopped. lle aguin
needed bronchodilators and the nebulizer. lodide therapy, repeatedly reiostituted during the

mext three years, remained of no help. The thyroid nodule disappeared. Prednisone in short »

intermittent courses became necessary for control. .

Case 2—W. H., a 37-year-old woman, had had bLronchial asthma since she was 18.
Nasal polypeetomy was performed at the age of 15. At 16 she had an acute febrile illnesa,
thought to be polyafteritis nodosa, with purpura, renal damage, and hypertension, Following
bilateral sphencethmoidectomy for infected polypoid sinusitis due to Pneumococcus type 7,
the acute systemic illness subsided, but she developed mitral stenosis. Intracutaneous tests

were negative except for a 4 plus reaction to house dust. There Was & questionable asthma-

flarc-up in the ragweed pollen season, ) . . ) )

From 1949 to 1852 her attacks flared intermittently while she was on antiallergic man-
agement. On scveral occasions she was given the *¢Dr. Gay mixture,’? each teaspoonful con
taining 0.25 Gm. of potassium jodide. She experienced pronfpt relief for a prolonged period,
but ker asthma became increasingly scvere and required hospitalization. A daily dose of
100 mg. of cortisone was needed until the seventh month of her first pregnaucy.

In February, 1954, she was again seen because of s severe fiare-up of asthma despite
cortisone. She was thin and dyspreic, with diffuse sibilant rhonchi. The blood pressure was
170/110. A murmur and prominence of the pulmonary conus seen on fluoroscopic examina-
tion were tgpical of mitral stenosis. : o

. Potassium iodide; two 0.3 Gm. enteric-coated tablets four times daily, was prescrilied,
while cortisone dosage was tapered off progressively. One weck later she reported that she
did not reed the isoprotereno! hydrochloride inheler, After one month there was complete
freedom from asthwa“and a gain of 5 pounds in weight. Although eortisone was stopped
ghe remained asthma free while on iodide in her second pregnancy,’in contrast to the very
severe asthma in her first. ' S o

Bhe remaincd well, never needing steroids. When iodide was stopped the asthma re
curred in six weeks, She resumed her regular dosage with good effect uufil 1959, when she
observed decrensing benefit from this medication, and again had to resert to steroids.

. Case 3—J. B,, & boy of 12, had had rhinitis since infancy, usually worse iu the sum-
mer. Asthma first appeared in July, 1852, with a onc-month flare-up in September, He was
clinically allergic to cats and house dust. ~ ‘ B .

. There were typical sibilant rhonchi and the nasal membrane was gray and edematous,

Results -of intracutaneous tests were: ragweed, timothy, house dust, 4 plus; featliers, dog

bair, Aspergillus, 3 plus; English ‘plantain, mixed trees, horse hair, wool, cottonseed, kapok,
Alternaria, 2 plus, i Lo v Lo "
On u.strict antiallergic regimen with desensitization he was searcely ever free of

asthma and required bronchodilators and frequent usc of a uebulizer. .

" . While in status nsthmaticus, only partially controlled by cortisone, he was first started
on two 0.3 Gm. enteric-coated potassium fodide tablets four times daily, with clear-cut relict
apparent in five days. If the dose of potnssium iodide was less than three tablets a day,
asthma rocurred. He remnined well for about seven months, needing no other autiasthmatic
-medication. Potessium jodide was stopped, with only occasional recurrence of esthma during
the following two ycars. ' : : o
' Case 6—Q. T., & 55-year-old woman, first had asthma in 1837 at the nge of 52, with

“}épc':\tvd pasal polyps and vasomotor rhinitis for many years, The asthwn was batler in-
PR KPRV 0 [P T N - b
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PR e - AGE AT .
IR B ONSET, oF ’
R - AGE ASTHMA . s SEVERITY gp
. CASE . BERX (Yms) (YEARS) CLINICAL TYPE OF ASTHMA ASTUAM,
i, ER ‘Malg. . o g Paroxysmal; extrinsie 4+
R X : ‘ - o Ly - . . R B
. 2 W.H. Female' 37 18 Paroxysmal; intrinsie 4+
. L . i - +
3. 78 Aale 18 11 - - Paroxysmal; extrinsic 3+
. : A
- < L K .
Female IS T 7 Pnroxyamal and btonchntie, 2
] " . " extringic
5. M.C Male - 62 58 Bronchitic and plmx)smal, 2+
S : : intrinsic <
Female 55 52 Paroxyamal; intrinsie 4+
" Male " 62 60 Paroxysmal; intrinsie - - 2%
N e -t ._ .
Female . 59 48 Poroxysmal and bronehitie; 2
R intrinsic .
. 7 .
’9. g 18 14 Paroxysmal; extrinsie “
. -
.l.4v - - 8 o ~Paroxysmal; extrinsie. 4+

%

dnmmer end thcro was no sensonal hay fever. Intrncutaneous tests \uth inhalants, pollens,
molch, and _representative foods were negative. She reaponded well to Quadrmnl containing
0.3 Gm. 'of potassium iodide per tablet, .

e

;- Asthma returned during the winter follomng an upper resplmtory mfectxon Predmsone

- wa.i needcd over s thrwmonth _peripd and _reduction in dosage to $ mg. a day was attended

B

“by. reappearance “of asthma,

¥, . In Scptember,. 1960, she “wras ﬁrst gwen potasaium wdxde, two 03 Gm. enteric- coatad

-tablets four times daily. ‘After. two wceks she was first able to stop prednisone without re-
* currence of asthma, Despite o slight wheeze on exertion there was no dyspnea. Typical sibi-
.lant thonehi prominent on the first examination were now few, but nasal blockmg wus more
. noticcable than when she was taking prednisone .
For over two .years she has remained completely \vell on iodide wnthout supp]cmentary -
+ medication. On two_ occasions delibernte withdrawal of the drug resulted in recurrence ot iY
uthma.. Each time she again responded to reinstitution of treatment.
| Case 10~F. B, a 14 -yenr-old girl, was first' geen at age 5 when sho developed \vheoz- L
ing and & cough on Labor Day. The rbcst was full of #ibilant rhonchi and showed diminished )
Lreath _rounds; Khe required cortisone for a short period when sho failed to respond to
bronchodilutor medieation. She had hmc asfhmu untxl thc tollomng mgweod seavon, whenx .

sho agnin needed prednisone.

At tho age of 8 she reported contmuous “hconng throughont tlw pwuous ymr, thh
intractable cough and dyspnea on sh;,ht cxcrtion. Intrncutancous testa showed a 4 plas re- ™

T
Gt

action to ragweed end house dust; 2 plus reactions to grass, mixed tru.s pollt\n, fvathors, o
“and milk. Systematic manipulation of the diet was of mo help,
. Prednisone and the uchulizer were used with 1ncrva~ung frequoney. ,\ Tter. threa years,

.»5 4
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g POTASBIUM 10DIDY, EFFECT
* PREVIOUS : DEGREE oF
STERGID TIME TO CONTROL,
THERAPY SKIN TEST FINDINGS ONKET PURATION (%)
Brief Polleis 3+ 1 day 5 years 90
: Alternaria 2+ .
. House dust 4+
Repeated, pro- House dust 4+ 7 days 5 years 85
longed Otherwise negative
ﬁricf Pollens 4+ 5 days 7 maonths 85
' Aspergillus 3+
- House dust 4+
None Sc;ntcll tests: pollens, danders 2+ 7 days 12 months 90
None House dust 2+ 7 days 12 months 90
) Otherwize negative -
Prolonged Negative: 14 days 2 years 95
.Brief House dust 2+ 14 days 4 months 95
L e - Otherwise negative -
None House dust 1+ - 7-10 days 10 months 85
. Otherwise negative
Prolonged Pollens 2+ 14 Qdays 8 months 80
_ House dust 4+ :
Repeated courses Ragweed 4+ A 14 days 10 months 935

w Other pollens 2+

desensitization with pollens and house dust was stopped because of distinct asthma Bare-ups in
the polien geasons. For two years thereafter prednisone had to be used again and again for
control. . PR, ) . e

In January, 1963, at the age of 14, she was again having asthma. Potassium iodide
was preseribed s two 0.3 Gm. enteric-coated tablets four times & day.  Within two weeks
the asthma was much improved and in the following five months she needed no preduisone.
The nebulizer was used oceasionally. The patient’s rhinitis was also improved on iodide.

. On May 27 enteric-coated tablets of potassium chloride were substituted for the
potassinm jodide without the patient’s knowledge. The parents understood this to be *‘another
form of potassium iodide.’’ Within four days there was o severe recurrence of asthma,

v

~ requiring 40 mg. of prednisone, for the first day with tapering dosage for one week.

Reinstitution of potassium iodide again brought the asthma under good contrel during a
. total of ten months of observation. ' '

DISCUSSION . .,

“« The ten cases of this report (Table I) serve to confirm and document a-
' significant, unusual cffeet of potassium iodide, that of suppressing attacks of

btonchial asthma. These cases alone exhibited this marked effectivencss among
those of approximately two hundred asthmatic patients who otherwise showed
only slight benefit or for whom it was completely ineffeetive. There is some

E - variation in the degree of jodide effect cven among this favorable group. In -
+ 7. Case 1 the response was little short of startling. Cases 1 and 2 illustrate that
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L i action of iadide in preventing asthma may be prolonged and persistent,
lasting up to five years, The results in Cases 3 and 6 weve scarcely less dramatice
awl uynexpeeted, and in each ease steroid therapy could be replaced by iodide,
Case 9 illustrates a less striking degree of offectiveness. ‘

" fThat this potassium jodide aetion is more than a placebo effect seems likely
for a number of reasons. The remarkably prolonged benefit seen in the first
two cases appears. unlike the usually more temporary character of placebo

~ action. Morcover, in some cases the dose level appeared to be critical, too sharp
a rednetion in dosage permitting a relapse of asthma. Three patients responded
repeatedly to this drug but o no others in a similar manner, except steroids.

- In two cases there is more impressive evidenee that the asthma-suppressive

! " aetion of iodide is pharmaeologic and not placebo in character. Case 2 responded

1 ' -"not only to iodide in the enterie-coated tablet form but also to the formula of

1 _ * Dr.'Gay of Biloxi which she could not know also contained iodide. Most striking

_is the reaction to sudden withdrawal of jodide in Case 10, although neither the
* patient, a girl of 14, nor her parents were aware that a change had been made
" to & noniodide placebo tablet. Within four days asthma had recurred so severely
29 to require prednisone in full dosage for.one week. An extended double-blind
" study of this exceptional iodide effect might be diffieult to interpret, the in-
_ cidence of responsiveness to iodide being actually fhr less than to a placcbo.
- . This asthma-suppressive effect of iodide probably cannot be anticipated in
“more than 5 to 10 per cont of cases. The unpredictability of this action is the
*“drug’s most sericus limitation. It must nevertheless be crphasized that iodide
will oceasionally prevent attacks and suppress asthma as will no other therapy
_execpt corticosteroids. Its particular practieal value is as an alternative to pro-.
lorged steroid therapy. " v L
While this iodide effect usually becomes evident in from one to two weeks,
in Case 1 it-was noted on the first day and in Case 3'in five days. Two tablets
of 0.3 Gm. of potassium. iodide were prescribed (enterie-coated to minimjze
unpleasant taste) four times daily, before meals and at ‘bedtime. This is ap-
- proximately the equivalent in iodide of ten drops of saturated potassium iodide
solution containing 1.0 Gm. of the drug per milliliter. Inercased severity “of
asthma may be benefited by increasing iodide dosage to 3.6 Gm. per day (Case
1). The metallic taste of iodide, annoying to many despite the use of enteric-
* coated tablets, was scarcely noted by others. Todide is exereted in the saliva as
~well as in the gastrie scerctions, and has been shown by Tuft and Levint to
‘appear also in the bronehisl seerctions. o S
: This iodide action may be very persistent, lasting for years as in. the flivst
two cases, and for several to many months in others. It was a little less pre--
“dictable in Cases 7 and 8, whers some tendency to escape from its effect was.
noted. The esthma of childhood ag well as that of later life may respond (Cases
3, 4, and 10). Male or female paticnts may be benefited, Whether the patient is
‘skin-test positive or negative appears irrclevant. It may provide striking benefit
‘ot only in the cases with severe paroxysms but also where profuse expectoration
is outstanding. In Case 5 reduction in gputum was striking, providing a contrast
‘with the uetaloexpectarant agtion of dodide. ok e T e
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“Although generally well tolerated, potassium iodide treatment is not with-
out side cffeets. Commoncst are gustrointestinal upset, epigastric - pain, ind
minor skin eruption. Mild papular erythema was-frequent, and readily con-

_trolled by temporary reduction in dosage. There was no instance of severe
iodide eruption. Three patients had mild “‘acute iodism’ with cdemi of the
lids or face and marked rhinorrhea whieh required discontinuation of the drug.
In two cases pmn in the parotid glands was contro]lcd by chreful mampulatnon
of dosage. -

The most serious side cffect observed in this series was the development of
o small thyroid adenoma after three years of continuous iodide therapy in
-Case 1. The nodule diminished somewhat in response to thyroid substance hut
disappeared completely only when iodide was withdrawn, Adenvma of the
thyroid in response to iodide treatment has heen reported frequently, and
myxedema may also occur.™ ¢ A more serious hazard of iodide therapy which
has recently attracted attention is goiter of the newborn, with pressure effvets.
which may result in fatal asphyxia. This has been observed even when the drug
has been used in relatively modest dosage, as in Quadrinal tablets which contain
0.3 Gm. of potassium iodide.” It is therefore safest to avoid iodide in the treat-
ment of the pregnant asthmatic patient. As illustrated by the experience in
Case 2, such an ill effect upon the newborn is not invariable. Severe sensitivity
phenomena occasionally aseribed to iodide, such as hypersensitivity angiitis,
were not seen.

‘What cxplains the cxtraordinary asthma-suppresswe effect which potassium
iodide exhibits so strikingly but-only in certain patients? It has been empha-
sized that the iodide-responsive asthmagtic subject presents no other distinetive
clinical features. The history of iodide in medical therapy includes a notoriously
wide application in many disorders. Its chief use was formerly in late syphilis’
for the resolution of gummas, and in acute syphilitic meningitis for which it
was administered in huge doses. In sporotrichosis iodide remains the drng of
choice and may be used in doscs as high as 40 drops of saturated solution three
times daily.® Such dosage, three times as much as that used in thlS series, might
be tried-in bronchial asthma.

_ The therapeutic effectiveness of iodide is deseribed by Goodman and Gil-
.man® as its “histolytic action,” the mechanism remaining uncertain. A related
_observation, to which they refer, was its tendency to causc a flare-up of tuber-
eulous lesions. This warning to avoid iodide in tuberculosis recalls -similar

-eurrent practice as to stermds unless accompamcd by speclﬁc antituberculosis
chemotherapy e s .

' '.Such obszervations suggest that the action of potassmm iodide in asthma

.'nmy_ be part of a8 more general anti-inflammatory or antiallergic cffcet. In this
series, allergic rhinitis as well as asthind was occasionally observed to improve

" on iodide. More often, however, there was no effect on rhinitis; rarely, it was

- aggravated. Todide was also used in a small series of patients with atopie
dermatitis, urticaria, and angioedema, but in no instance was there improvement
and in some the condition grew worse, Todide could not he shown to diminish

sthe jmmediate skin test response to allergen extracts. In a case of cold urticaria
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! the edema reaction to topical application of cold”was unaffected. In three

"instanees a positive intracutancous tubereulin test with PPD remained un-

- ehanged when the test was repeated during iodide administration. It is possible

- that some effect might be deteetable if & minimal tubereulin stimulus were used,

. nimed at cliciting a threshold reaction. The fundamental mechanism by which
iodide exerts its asthma-suppressive action remains speculative. What insight
this exceptional action may provide as to some fundamental difference between

- fodide-responsive and iodide-unresponsive asthma likewise constitutes a provoca-
tive question. - - . - . .
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SUMMARY ) ‘
7. .The éxceptional asthma-suppressive action of potassium iodide is deseribed
as ohserved in ten cases among approximately two hundred treated with this
drug. A high degree of control of asthma’ may persist for prolonged periods, up
to five years. The degree of cffectiveness may be such that prolonged steroid
therapy can be avoided. The data suggest that this is mot a placebo effect.
Potassium jodide was in general well tolerated, but its side effects warrant
~ consideration and their management is discussed. Thyroid adenoma was the
‘most important complication of therapy. Iodide, long considered to possess
some anti-inflammatory action, appears to exert little benefit on other common
allergy syndromes. It did not diminish cither immediate or delayed allergie
" skin test reactions. The mechanism of the asthma-suppressive action of iodide
remains obscure. What accounts for the peculiar iodide-responsiveness of certain
cases of bronchial asthma eonstitutes a related provoeative *problem.

R G LT ' - v )
... The sathor wishes to acknowledge the stimulus of an early observation by Dr. Clifford
. Spingarn to his continuing interest i this subject. . . - .. N ,
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Comments on Dr, Siegal’s manuscript

INTRODUCTION

The preceding paper was accepted for publication in The JOURNAL OF ALLERGY becuuse
it raiscd an important question concerning the evaluation of clinical data. The author sug-
goested that only a small fraction of the asthmatic patients respond favorably to potassium
iodide. If this is so, then this favorable response might not produce a statistically significant
effect on & double-blind study performed on a large group of patients with this discase.
Dr. Biegul’s manuscript was presented to eight revicwers with the following questions:

L Is the author’s thesis of the heterogencity of asthma reascnahlet
v+ 2 If 8o, do you agree that this reduces the value of the double-blind study in deter-
mining the effectivencss of a given drug such as potassium .iodidet

3. Has the author exhausted the possibilities other than a double-blind study for estab-

lishing the effectiveness of potassium iodide in individual patients?
4. 1f not, what else could he dot .
The answers to these questions provide an instructive analysis of many of the problems
of clinical investigation. .
- Editor

Dr. Francis C. Lowell—This issuec of the JOURNAL' contains an article deseribing
strikingly beneficial cffects of jodides in relatively large daily doses (2.4 Gm. potassium

Jodide as an enteric-conted preparation) in 10 patients. Thesec were the only ones among

some 200 asthmatic patients in whom a trial with iodides had been successful. As I am
sure the awhor will agree, retrospective selection of cases, without any systematic effort
to maintain experimental control (a placebo was given in a single trial, in one casc only)
and with the single criterion for selection, the very response for which a claim is made,
cannot be accepted at face value, The striking response deseribed in these cases may or
may not be correctly attributed to an effect of jodides, specific or otherwise—one would like
to know.’ -

Can ‘one know? One probably can in spite of substantinl obstacles. Admittedly, on
the basis of the report presented, one can predict that a study of unselected asthmatic
patients will fail to show any"significant effect of iodides since the effect was seen in only

10 among 200, or 5 per cent. Thercfore one must procced on the sssumption that, with

respoct to effcctiveness of jodides, the asthmatic population is heterogencous, Pre-selection

of suitable, or what scem likely to be suitable, patients would be neccssary. One might

begin as the author did and try the effect of iodides in a large group. Oue could thereby
identify those who seem to derive benefit. Having made a selection of ¢‘indicators’’ of a
therapeutic effect of iodides, the next step would be to conduct a formal study of this group
with suitable experimental control. ' '

‘Another approach would be to survey the iodide-responsive group to determine wlhether
they have one or more clinical features in common which might make presclection possible,
For example, nasal polyposis was present in three (Nos. 1, 2, and 6) of the five patients
who are deseribed in sufficient detail to allow the reader to know whether polyps were
present or mnot. This information is not given for the remaining five patients. Tt would be
interesting to know, for example, how many among the 10 paticnts included in the report
had nasal polyps and what the incidence of nasal polyps was among the 200 patients from
whom tho selection of 10 was made. One could perhaps make some estimate of the likeli-
hood that nasal polyposis is related to ‘‘iodine respomsivencss’’ and could therefore serve

-a8 & means of preselection.

"An ““informal’’ clinical observation can have great value, but only if it can he made

'to' ‘¢stand on its own two feet.”’ This one cannot, but nevertheless, it may point lo a fruit-

ful line of study. Most ohservations have to he put to a rigorous test and it is the report
of this test that deserves priority in our journals, more often than the vriginal observation.

“ o mamagan
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ne. lrumr U, Itkin, -—Dr. Slc;ul hns mado sovcral astute obsermtlons of. tho ofteet of

polassium fodide on the clinieal course. of .ten ‘pationts with osthma. Some of the pntients

who .t‘yun«lul favorably may have suffered also from other conditions aggravating bronehial -

~ obstraciiva, Beforo acecpting tho idea that the disease asthma should bo. divided into that
- sord which is iodide responsivo and that which is iodide unresponsive, one must examine the
-wvidener and find that no other explanation is more. rcuonnble, tor unnocessary classifien-
" tions serve only to ndd confusion, '

An interesting yeport appcumd x:ecently in’ tho Italinn lntmture. Rosa and usociutesx
studicd the effectivencss of potassium ijodide when given to 664 pationts who wheezed. Clini-

_¢al obscrvations as well as spirometrie readings wero obtained during alternating ten-day

periods with and without the drug. The usual dose was 14 Gm. daily, but on occasion this
was raised to 2.8 Gm. or 3.15 G, daily. Asthmatic bronchitis (broochial infection with

. wheezing),  had been disgnosed in.420 paticnts,. 84.with allergic. nsthma (extrinsic or in.

* trinsie), wnd 160 with inixed (both: allérgic: asthma and bronchial infection present). Of

""the 420 bronchitic patients, 83 per cent responded ‘‘optimally’’ to potassium jodide, 14.28

per cent ‘‘moderately,”’ and only 0.72 per cent had no response. Of the 84 paticnts with

- ollergic asthma, no patients responded ‘‘optimally,’’ and only 2 responded moderately well.
- 0f the 160 mived cases, ‘‘optimal’’ responsc was recorded in 43.75 per ‘cent, ‘‘modcrate’’
_ rexponse. in G0 per cont, and ‘‘ng response’’ in only 6.25 per cont. Good results were at
tributed to”the expectorant action of the drug, with the abolition of reflex wheezing when

the mucus causing bronchial obstruction was reduced. Beneficial results appeared rapidly,

* ia ten days cor less, and were lost rapidly when the medication was discontinued. -

Considering some of the difficulties involved in differentiating asthma alone from asthma

“"complicated by bronchial infection, it would ,seem reasonable Jo suppose that at least séme
- of Dr. Sicgals successfully treated patients were in the latter mtegory The patient with both

st

-econditions is more ,}:kely to suffer from cough early in the attack, to note fever during or

just before attacks of msthma, to suffer o large ngmber of attacks during the winter season,
to find that the usual bronchedilator ‘drugs are relatively ineffectives"that the corticosteroids
are less dramatic in their effect at some. times than at other nmcs, and that antimicrobial
druga are often surprisingly beneflejal.’ T e

Cstologic examination of the !putum mny revenl th:.t polymorphonuclaar cells frequently

‘predominnte, although eosinophils in great number may be present in a yellow sputum. Cual--
. tures of .the sputum may-revea] the growth of Haemophilus influenzae, staphylococci, or

reumocoeei, although the alisence of yathogens on ‘culture does not rule out-bronchitis due

"4 infection. Bronchoscopic examination muy. he helpful not only on the basis of differences
. in grss appearance, but also bectuse of the opportunity afforded of obtaining mucus from

:n.nvns obtaied from infceted patients: . e i

the lower brouchial segments. N-acetyleystcine appears to be singularly ineffective in dis-

solving the mrucus 'from -umcomplicated asthma,’ \\lulo it may mﬁuenco dxssolutmn of the

‘Brounshography sad cincﬂuornbronchogmphy may be helpful LU E e "':;- '

\When infection is a eamplicating factor, blood tests may- show - elcvatxons of ‘the’ total
white blood count, the palymorphonuclear percentage, the sednnentntxon rate, tlm C reactxvq:
protein, the muceproteins, and the gamma globulin. fraction. . -

Ventilatory studies done over a long period may show a lcssct dagreo of variatzon
in the ehrouically infeoted patient. Extreme sensitivity of the bronchial treo to the inhala-
tisn of mecholyl chloride is characteristic of the asthmatic patient; lower degrees of aen-,'

S ’nuy are (onnd in the bronchitic patient without astlmu, Thae test is helpful in conﬁrmmg

: preseneo of asthma where infeetion may overshudow the latter. ..o %o
- After infeetion hn.s heen eliminated as-a Jikely possibility to gecount for tlw e!fective-'

nr~1 of iodide, more erucial ttudies of the action of iodides on asthma may dbe undortakun_

hiese shonld, indeed, inelodo doub!c blmd studies, using, for cvzmp]o other c‘:pevtonnts,'
as well as placehos, for control.. .
Another methed has been in use’ at the I\Tatmual Jewish Hmpxtql for the, past )Lﬂl‘

"A[?nr tho lowest maintenance dose of steroids has heen determinoed for s{oroid-dependent
’ pnt':"m :unwy fuxct!ons n‘re reemdml Eor saver: \l weoh .u fut do"e Thon iodides ara
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ndded to- the regimen for several weeka and attempts are mnde to lower the steroid drse
aguin without producing a corresponding decrease in airway function. At the present writisg,
nono of fifteen patients on whom this has been tried has benefited. ]

Dr. Biegnl has reported convincingly in his paper that the dodide action is unlikely

‘to be dirccted agaiust the antigen-antibody reaction. Work in progress st National Jewis!
. Hospital with dose-responss eurves of bronchial reactivity to allergenic extracts as com-

pared with reactivity to solutions of mecholyl “ehloride using the quantitative inhalation

_challenge suggests that these may be separate responses. Can it be that iodides interfere

with the reaction to mecholyly We shall attempt to investigate this hypothesis. Other ap-

~proaches than that by inhalation challenge are also applicable.

» The possibility that iodides may have some action upon molds different from that
which is recognized should also be entertained. Mold allergy may be more prevalent than

_has been suspected.

In conclusion, Dr. Siegal deserves great credit for bringing his clinical ohsertatioss

to the attention of a wide circlo, of readers. Discussion of - them cannot but bring more

valuabla knowledge to.light.
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" Dr. Richard 8. Farr—Tt is a pleasure to have an opportunity to comment on Dr. Sie-
gal’s paper, because I would like to record an opinion in support of his thesis regardirg
the heterogeneity of the elinical state called asthma. The symptom-complex consisting of
bouts of intermittent bronchospasm associated with mucns secretion and diffculty in ex-
changing air can be caused by a variety of immunologic and nonimmunologic insults to

"the lung. Generally speaking, these bouts are usually referred to as asthma. Rpecifieally,

we_can gometimes differentiate between asthmatic attacks primarily caused by such things

“as (1) bronchial infection, (2) infection associated with structural changes in the lung.

(38) antigen-yeagin interaction, (4) local tumors, and (5) even tumors located in organs
other than the lung but secrcting biologically active aminea. Unfortunately, however, it is
often difficult or impossible to ascertain which of the many possible factors is playing the

“major role in a given case. Indeed, more often than not, several factors appear to Le more
.or less equal eontributors to the symptom complex. The evaluation of a given case of asthma
.is further complicated hy the variation from person to person with respect to end-organ
‘responsiveness when sn individual is confronted with a stimulus capable of eliciting asthma.

For these reasons, a group of asthmatic patients almost certrinly must be heterogeneous

-with respect to both causal factors and end-organ threshold leve!s. Although it is possible teo

select & moro homogencous group of asthmatic patients than those included in Table I of

‘Dr, Siegal’s report, n considerable degreo of hetcrogeneity must surely exist in even the

most cgrefully. selocted cnses of asthma due to any specific eausal factor one attempts to

“isolate. T'urther, bocnuse of this heterogeneity and variation from case to case, it is not un-

oxpected that measures designed either to minimize the impaet of an asthmatie stimulus to

. the lungs or to reduco the respousivendss of the lungs to the umous stimuli will prove bene-

ficial in some cases and not in others.
In the present study no apparent attempt was made to rcduce the hcterogenmt) of

"the group of asthmatic patients prescated but, under the circumstences, it seems to me
¢ that Dr. Biegal has done sbout all he can do to control his heterogeneovs population of

patients, In the faco of the obvious heterogeneity in his patient population, he used each
caso as its own control which is a perfeetly valid experimental procedure. Perliops it could
be argucd that Dr. Siegal should have done more- with substitution therapy using placebo

. tablets and this would be my major criticism of this report. On the other hand, many of
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his cases are conviacing even without this refinement, It appears that Dr. Siegal has founq
& fow putients with asthma in whom iodide therapy tipped the balance between the stto
of Laving asthma gud the state of being syraptom free when all other factors in these
indisidual cases were held relatively constant. The rationals to Justify the concept that the
group of conditions which we now call allergies, including asthma, should rightly be looked
vpon g3 & medical state of being rather than entities in and of themselves has been par.
tially sct forth elsowhere. . : S :

- Eegarding the question shout the usefulnesy of the double-blind technique to evaluate
& drug or agent, gravted that the given agent to be tested is in fnct effective in doing
the thcrapeutie job, then the double-blind study will be able to detect this efféctivencss
xost ‘easily under eircumstances when (a) the drug in question is directed toward alleviating
& situation which is a domihant eausal factor in cach of the cnses selected for the study,
and (b) cach caso sclocted for the study must not have a second or third etiologic factor
. which, if . left untreated, is. a strong enough stimulus to perpetuate the asthma by itselt,
If too many eases not in either category (a) or (b) deseribed above are included in a
double-blind study, it is not only likely but probable that even a very effective agent being
tested as the primary objéctive of the study will yield only equivocal results. .
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Dr. Paul P. Pandrsdel, Jr—I1t potassium iodide were a new drug, subjected to the
_eritical assessment recommended for testing new drugs, it wouM probably be declared worth-
less "for all conditions except thyroid discasc. Unfortunately, or fortunately, depending
on one’s point of view, iodide therapy has a long clinical tradition. We are confronted then,
with a dilemma which Ebertt pointed out two years ago in an editorial on evaluation of
therapy in chronic illness: ¢ While many of the traditional modes of treatment in medicine
"would not withstand carzful seientific scrutiny, there seems to be no urgeney in discarding

Yef niany physleians with extensive experience in the treatment of asthmsa would agree
with Dr. Siegnl that the occasional patient improves dramatically with iodide therapy. This
. impression, or intuitive dssociation, is reinforced by ‘long-standing tradition. Indeed, the
* backgronnd of such therapy is nicely expressed by the couplet on page 827 of the text
by Gooldman and Gilman.# - v o e L e

* 7 “Wean man nicht weiss Wicso und Warum, s

- .

"I+’ Dann gibt man Jodkalium.’!.: : -, . ST
* * The usual laim’ for the value of iodide therapy is that it is effective in thinning or
" alterinz the volume of bronchial secretions. There fs nothing to indicate that such an effect
was importint in Siegnl’s patients, This means that only the patients’ subjective responses
-eould be utilized; at least no quantitative basis for comparison was mentioned. .
. Asthma -is characterized by wide- variations in etiology, morbidity, and response to
- therapy, not only from patient to patient, but from time to time in the same patient. Ex-
. eept for tho patients'who react specifically to known extrinsic stimuli, and are fres of asthma
vtherwise, most asthmatie subjects will have some remissions. or relapses which are totally
unvxplained. It is possible that the paticnts reported upon by Dr. Siegal did respond specifi-
ceally to gome anti-inflammatory effect of .iodido as he proposed. This hypothesis, however,
cannot be subjected to experiment, and is- less tenahle than a proposal based on a simple
gruuping of asthmatic patients: - T s . : T e
- Ifgroup (A + B+ C+ D) = all nsthmaties =+ . PR
end group (A + B) = all asthmaties who get hetter oot
aud group (B + C) == asthmatics who reeciyo iodide’ therapy, |
then group B includes all patients who get Letter with iodide, -
This is not the same as snying that indidg was risponsible tog *thy improvement .o

-

-
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- group B. That only teu paticnts from a total of 200 (B + C) were in this group strengthens

the possibility of coincidence, i
Clinically, thero is nothing unique sbout Sicgal's paiicnts except that they improved
with iodide therapy. This meuns that they provide us with no common denominator which

* might allow preselecting of other asthmatic patients who would be appropriate candidates

for n controlled study. To undertake & controlled double-blind evaluation of iodides in a
large group of unsclected asthmatic patients is & formidable task, and probuably futile,
particularly relative to Biegal’s hypothesis. As pointed out by Modell and Houde,? there
are too many factors at work ‘‘immaterial to the specific prolilem at hand.’’ Shure und St.
Joln¢ brought this out in one of the few controlled studies pertaining to iodide therupy
in asthma. They were forced to reduec their serics for analysis from 126 to 28 putients to
get rid of ‘‘background noise’’—that iy, the reports from patieuts who were unable to
diseriminate between one agent and another.

Another approach might be to sclect patients for a controlled study on the basis of
their earlicr favorable response to iodide. Even if we disregard the fact that some of Sicgal’s
patients became unresponsive to iodide, their responses, as well as those of other pitients
who have experienced iodide therapy, would be almost impossible to control. Therce is an
unavoidable bias introduced by the distinctive iodide side effects which cunnot be duplicated
by placebos. One wonders about this bias also in the improvement reported by some paticnts
in the above-mentioned controlled study.s

The problem is compounded when one attempts to eyaluate the expectorant action of
jodide, which is dose related and closely allied to the other physiologic reactions of iodism.2
Changes in sputum should at least provide a more objcctive index of the pharmacodynamie
action of jodide. Alas, in controlled studies, the observed effcets on sputum viscosity Lor
volume have been unimpressive, and the changes that were observed did not corrclate with
clinical improvement.’, ¢ .

The geeatest contribution of this paper is the evidence that iodide therapy is worthless
for a mnjority of asthmatic patients, and may be harmful. Considering the casua!, and often
routine, use of iodides by some physicians, this deserves repeated emphasis. Asthma is a
capricious discase and iodide treatment has capricious cffects. Only when the occasional
patient shows distinet improvement with potassium jodide, can we justifiably resort to an

‘old empirical rule of therapy, ‘‘if the patient is improving, keep using it.’’ However, such

a practice has not led to the diseovery of any general truths about the naturc of asthina or
the specific action of jodide. Until dependable methods of evaluation become available, this
practice shoyld be subjected to continual critical serutiny during the long-term management of

each patient.
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. Dr. Georgé V. LeRoy—The fact that complete remission of symptoms lasting from
4 months to 5 years occurred in about 5 per cent of 200 asthmatic patients should not
surprise anyone. If we exclude from the culegory of ‘‘asthmatics® those patients with
docviented chronic brenchial diseasc—and chronic pulimonary discase, we are left with a
group who have paroxysmal or persistent ssthma the presumptive enuses of which inelude

allergy, psychophysiologic reactions, and hypersensitivity of the respiratory system to en-
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(RITHION xal ""vnts. We do not c\pcct. coxnplctc spontmu ous remxsslun nmnn;, patiznts with
wlr e g€ dhe beanchi or the hings. Any amelioration of their asthmatic symptoms erdinarily
#2 with ratiouul therdpy and is to a certain extent ‘predictable. However, in dea’m'r

4 the ulter eategory of astlmatic subjeets, I am impressed by my inability to pre«hct
St wiugse of (ke conditfon, At elwost any timo. after its onsct, and for reasons that are
taacly u.r, the symptoms may disappear eutircly. The dJuration of remission is also un.

taide. 16 s unfortunate that we do not know the probability that spontaneous remission
A wecur, or the distribution of the durations of remissions. Neovertheless, the fact that

" gewission oceurs i a reality, and the presumption ‘that it is spontaneous is supported by a

sumber of considerations, Todides are not-the ouly drugs which have received credit for a
*feure’” of asthia, Arsenie, stramonium, bromides, Lobelia, tobneco, vaccines, and many other
sulztanees Lave been mestioned favorably in the liternture. Change of occupation, moving
t-) iha tity—or lo tho country, strenuous regimens of exercise (walking 20 miles a day),
psyclotierapy-~the list is Joug—all’ have ‘fcured’ sonte asthmatic patients. In addition, it
w comuion kaowledge that: an unspeuﬁed fractlon of juvenile asthmatics cease to lhave
wptoms after puberty. - i Lo
Our inability to distinguish between s spontaneou.s remission and the effect of a drug—
sach as potassium jodide—mnkes it virtually impossible to evaluate Siegal's report. Most
p.n-s:m:ms recognize the pitfalls involved in attempting to attribute the ‘‘cure’’ of a chronic
isorder, sach as asthma, to a particular regimen. The fact that post hoc ergo propter hoc
may be fallacious is 'v.ccepted and, in an effort to avoid fnnltv nttnbutxon, statistical mgthods
to evaluate evidence have been employed.
It is not easy to desigu a eatisfactory chnu.al trial ‘to evalupte the e¢ffectiveness of
indivilual drugs-in bronchial asthma. There are so many varinbles in the individusl case
that most workers hesitate to ¢ommit themselves to conventional trinls of the double-blind

“ varicty. Until o new format is devised we are fofced to depend upon clinical julgment in

respect to drugs, which means that we can only state that a particular regimen appears to
be better, worse, or no different than the oze it sdpplants. Thls, of course, is a post hoc
judgment which is necessarily provisional
Siegnl earries the post hoe ergo proptcr hoc reasomng' one step further than usual and
-"msh that there may be. some fundemeatal difference between iodide-resporsive and
1ile-unresjionstve nsthma, This kind of reasoning is difficult to categorize, Another physician
wonfironted with the same experignee might well say: “Smcq all my asthmatics were treated
with anteric-ceated tablpls of _potassium inulide, and since mn unexpectedly long remission
foiled o oeent fn 95 per cent, some factor sther than iodide must have been responsxble
r sr the complete remissions that oceurred in these 10 eases,?’ It is possible thet a scrupalous
izution of the hweky 10 might provide insights into factors—othér than the eonventional
what were respensible for the remission. Jf, as 1 snapect, such remissions are £pon-
s in the sanse that the drugs used are not 'cqponvxb'o it would be most helpful if we
. ‘u"mt!vng; more ahout the process, T have the stroug impression that n charnge, perhaps
a subtle one, in the total life- v;luatlcn of the pativnt is the single mest importsut factor.
Uafurtnnately, we sddon hate aufieient information on which to lase such a conclusion
bafore o xcmls'xu-q oceurs. When {he patient ia freo of symptoms he has uo further nced of
the ductor, and it is virtually imposcible to investigate the situation retrospontively,
Frinre studies of asthma swould he bonedted if reports such as Siegal's were miore
sanplets with reap et b Jinznosis and details, Some duy we may have information on the
ir. Pleven andalistribution of syr iptow-fren periods in pntients with bronekial asthma. Until

wae D s¢‘x rhm em‘uqtmn of x.!x"mpj must remain s.th-t to tho impressions of the
| .

:

Lir, Kenacth P. Mrll‘(vw,—-mqpuciuny sinca there are a Nwited nunder of wa¥s in
which beerelioles can reedy 38 serms very pawible that a variety of eir
stuate i apparent asthma, TL 50, eortain Jdrugs conld produce a lenehicial eX¥es in sn:no
fustaners bnt not others, Tf, ay Dr. Siegal suggeats, the perematage of tures whore oonlitions
Cra fnvorable for demonstrating the netion of a drug i Jow Wi the ueal pove o et
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patients responding to o placebo, it wvould be difficult to demonstrate the effieacy of the drug
by the usuul type of double-blind study employing unselected asthmatic patients. Theoretically,
however, a difference should be demonstrable if a lurge enough group of subjects were
studied. For instance, if 30 per cent of patunts improved on a placcho, if a drug actually
helped § per cent of paticnts, and if the percentuge of placeho rcsp(md('rs is the same among
" those actuslly henefiled .is among those not benefited by the drug, 5 per cent of the 70
per cent not responding to placebos also should be improved on the drug; i.e., in an infinitely
large series of patients, 30 per cent would respond to the placcho and 33.5 por cent would
benefit from the drug, To demonstrate such a difference at the 5 per cent level of confidence
would require betweén 7,000 and 8,000 patients.

" It certainly woutld be more feasible to study paticnts selected ms prospective responders
to the drug under study. In the absence of any clinical or laboratory criteria for selecting
this group, & preliminary impression that the patient responded to iodides would have to
be the-basis of selection. A double-blind cross-over type of study might then he carried out.
For instance, randémizing the sequence in which the drugs are administered, cach individual
might be given two courses of placebos and two courses of iodides and the severity of asthma
rated, by appropriate means, toward the end of each treatment period. Gross differences
might then be evaluated by the sign test, or an analysis could be carried out by such mcans
as comparing patient days, weeks, or months of mild or severe asthma on the drug or placeho
tregtment. A difficulty in carrying out this type of study would be the probable impossibility
of evaluating all patients simultaneously, The results, of course, would be applicable only

: to the selected group and not to the universe of asthmati€ individuals,

" Bhort of the type 6f study just mentioned, making objective measurements by appro-
priate pulmonary function tests helps to substantiate the impression that improvement has
oceurred, but this does not cstablish that the improvement is due to the drug rather than to
_fluctuationg,in' the natural course of the disease or other factors. Finding a rationale for
using the drug also would rupport its administration. In the instance at hand, comparative
- studies of iodide and potassium mctabohsm in responders and nonresponders would scem

Vindicated. i

Dr. Comtantme J Falliers .—The heterogeneity of asthma, with respect to its causative
or precipitating factors, is a well-established fact. Dr. Sheppard Siegal has presented further
evidence that differences among asthmatic individuals can also be observed in response to
certain therapeutic procedures, applied at various times to the same or different patients.

The response of the ten patients to the treatment administered by Dr. Siegal appears
dramatic indegd Is potassium iodide solely rcsponsible for thist The observations reported,
although sug*vc enough to permit the formulation of an interésting hypothesis, eannot be
considered nd offering sufficient evidence for definitive conclusions.

The possibility of e placebo effect (whether ‘‘pure’’ or additive to the pharmacologic

cffect) must be seriously considered. The ten paticnts reported to havegipericnced an almost
complete control of nsthma represent a fraction (5 per cent) of the population surveyed,
‘significantly smaller than the number of paticnts reported to benefit from specific hyposensi-
tization therapy (74 per cent),! environmental change (38 per cent),? operative procedures
(57 per cent improved, 24 per ceut ‘‘cured’’,s or placebos alone, whother injected (26 per
tent)? or given orally (5 to 12 per cent).¢ Considering that ‘‘the question of the time-course
of placebo reactivity “is still unanswercd,’’s the long duration of the asthma-suppressive
effect of KI cannot alone rule out a placebo effeet. Neither can the, rclapses noted after a
reduction in dosage from 2.4 to 1.2 Gm. duily* climinate this:possibility, es it has been
shown? that the administration of placebos can clicit ¢“dose-response’’ curves, with ‘‘peak’’
effects, cumulative action, holdumr cﬂ'nct ete., much ]lk(, a pharmacologicglly potent prepa-
rauon. o S CE i ES
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*1t must be noted in this respect that others® have found @ dally dose of "00 mg. “in excess
(‘f t nt nu,m-nty o e in the treutment ot bronchial usthmu _ .



. .\a Dr. Swgal well rooogllu- ; ¢ ‘doublo blind" deslgn conld pouibly obseuro tho re-
' nnrnme efféct of KI, which-ho has-obscrved in only s few cases, by diluting theso cases
. within bis total ptmtppahtbn. A double-blind study among a selected group of patients

~ would na hmlly be mord mesningful, but it docs not seem possible, at present, to predotermine

* which_paficnts nre likely to respond to iodide therapy. Some of the difficulties inherent in a
. douhle-Dlind study of wnselectod cases could be circumvented by following the suggestions
of Fishert; a diserimioation botween placebo and drug cffects could thus be lecomplished
- by eliminating from the cli-aquare -analysis patients who appear to respond in a similar
fuhxon to beth drug wud placebo. An evaluation of the long-term effects of potasstum iodide
* on ¢hildren with intraetable astho is presently under way at the Children’s Asthma Research
* Institate -and Hupiul in Demvef. A preliminary analysis of tlie dats from the first 12
. months of -this three-year program® suggests that the double-blind design employed did, in

faet, permit’ the detection of certain differences (Table I). It appears that potassium iodide, .

300 mg. three times g day, was ‘guperior in its effect on asthma to KI, 100 mg. three times a
"+ day, and to.the placeho; It cannot be stated on the basis of these preliminary findings
- whether the differences were due -to the remarkable response of only a few individuals
' among the total numbir of patients, or whether all of them did improve to some extent

when they received $00 mg. of KI daily. Definitive statements will be possible only after

tbo completlol of thc !hreo-yur progrnm. E

. : - PO - R .
Tuxs I Mux wnn.r Scom’ nn'u:cmm Tug Errecr op Pousswu IonipE ON AsTHMA,

ey Pnu.mmm Dara Froat A 12 WzEK, DouBLE-BLIND STUDY OF 48 CHILDREN AT THE

. S ; ‘s ASTHMA BESRARCH INSTITUTE AND }xocmu. :

i S ymptoms of asthmin npoM by patient - = 7.8 .60 88 .67 89 64
% - TX Asthms w’heeztnz) by mﬂmﬁ gxa.miution 62 - .58 74 65 7.3 .57
§3 (9 Inhalntmn treatmen o .82 - 37T 43 b6 - 41 - 52
IV Days in hospital fm' uthmy : .23,, 08 .. .28 08 .27 .08

cV Storold thm g ,
'3 g, Totermittent, (N==14) - 16.5 2.25 . 251 3.8 389 4,08
52.7. 2.690 * 551 326 643 3.6

b. Continnous {N:=82) ~.™
- A descrgtmn ‘of the scoring system a.nd 8 dennluon ot the parameter- employed praented
exhe ndard ewror., : 2

:.‘: ¥ wm

R Kt 300 Ma. XI 100 Mo. PLACEBO
B A S S TLD., = LD, | . TID.
" CLINWAL PARAMETERS® . . | MEAN| #8.5. nm[:sn. MEAN | £8.5.

zrut diuimluxtlu of, the ten, cases reportod do not oﬂ!er uny elual 8. to why KI,~

proved so singularly eﬂal;tm. Pregnancy, sdolescence, psychoanalysis, nasal polyposis, con-’
. nectivo tissun: dmme, ‘8 well as ‘allergic sensitivities, are among the. variables mentioned
‘which ave Enown to mnuence the course of asthma. The need. for corticosteroid thmpy was .
“eliminated in many of theése eases for certain time intervals when KI was given, It. mny be’

hypothesxzed that KT, through its known thyroid-suppressing effoet in some individuals, may

_result in & prolongation of cortieoid turnover time,? with & decrcase in the reduction of adrenal '

" steroids to the tetrahydro derivatives, perhaps also an in¢rease in the corticol-binding capacity

of serom.’On the other .hand, the edministration.of thyroid hormones has been- reporteds .

to tugment immune- ‘yesponscs; .1t would this have been of Interest to know the course of"

sthma in Case 1, when thyrold extract way preseribed in addition to KI. = ' o2 '

- Much is yct to bo learned regarding the role of anti-inflammatory drugs- (whi&h my-‘_'
include potasginm iodids, uccording to Dr. Biegal’s study) in the management of asthma and

tho effcct of anch agents ‘on hormonal . homcoutasxs. Two poxnts clcurly emphamzed in: Dr.,_

snml'n article deserve spectal attention: ' "« o, ; S

1 Blgnmmt diﬂermwoa, both qnanhtntlve ud quahtatwe, smdst atnong mdlvidunllf

A

"'r‘*

- v . b " - : o3
' *3y upom-d by l!rnnt A-5962 from the’ Natlonnl Inlmu s 0 mmu and Met ollc-'
"Diaeasey, 1.8, Publie Health Service. .. » o JRRITCONRYE AR 2 A SRR T
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suffering from asthina, not oinly in their responses to provoeative agents, but also in the
’cﬁect. of therapeutic modalitics, - .

. 2. Bimple moleculir substances, such &3 KI (perhaps 1.0 must also be mentioned
here) way be of considerable value in the manugement of asthma, their mode of avtion
(still unknown) being possibly through complex metabolic pathways. The elucidation of such
phenomena may eventually lead to a better understanding of asthma itaelf.
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Dr. Samuel C. Bukantz—For many years 1 have expressed the opinion that there is
little evidence to substdntiate the benefits of potassium iodide in treating asthma and have
further suggested that additional controlled clinical studies with potassium iodide would be
very desirable. Dr. Siegal’s intercsting paper helps me to understand my negative experiences,
which unfortunately I have not documented as well as he, but additionally raiscs several
fundamental issues of considerable importance to the elinical investigator. He has described
& heterogeneous clinieal response of a eomplex ryndrome (asthma) presumably to the exhibi-
tion of a single drug (potassium iodide), in what appears to have heen a narrow dose range.
He has not measured the pharmecologic response to the jodide itself, hut the effect of that
response (whether it be on bronchial glands, or on the sputum dircctly, or on some more
complex interrclated endocrine funetion) on a clinical state. This really complicates the
_issue of Dr. Bicgal’s presentation whick essentially deseribes an Iy, in a-small segment of
the nsthmatic population (10 of 200 or § per cent of his series.)

Suggested Dy his observation is the notion that there is a genetic basis for this re-
markable response to jodide and it would appear reasouuble that such a response would
arise from u monofnctorial inheritance causing discontinuous variation. The individuals
within a population of asthmatic individuals, then, by this notion will not show the usuul
variance of response to iodides that is usually encountered with other drugs. Variance of
fesponse to o given dosc of a givey drug from individual to individnal within a given speeics
bes been known for a long time. This matter hay beeu dealt with very nicely by Werner
Kalow in Lis book, Pharmacogenclics, Heredity and the Rusponse to Diugs (Saunders, 1962).
As Kalow points out, the methods developed to meusure and define the poteney of w druy
hnyo genernlly heou ainied at nesessuient of the speeific kind of iudividunl varintion (the



i ey

SIEGAL May- -}xlme, 164

eavinciza) “which iz given "nlhw expression in Gaues's distriladion curve, What
tocis vab iy wind Kalow further stazes, that methods attempting to deal with the
sowt anvindiva (sach as the lodide wesponse he noted) by Lhe meuns daveloped to
A8 variadions (determinations of dose producing s given effeet in 50 per cent
.I) uay ol to misjud;ments and failores. I think he may be right, but I do
+ owu sericy nlone establishes the point, and it locks what I am sure he would
ev Lo have, some otlier measure than clisival of what the iodide i3 Qoing to the
wd weil aa cof doing to the nomrespondent. One disturbing noto in asstgning a
to the deseribed differences of eifvet of jodides is the temporary nature of the
eleet in o wamber of Dr. Riogal’s paticats. Furthermore, it appearcd to me that
iy patients had first fuilid to respond to iodide, subsequently did so to extraordinary
i amaily Jost the responsive capacity, :
; commeats were made by Dr. John E. Silson, Medieal und Pharmaccutical
i Qersultaet, Sho ds very kuowledgeably in.the design and analysis of controlled
cifaical tetals with dn\gx Although I have gone over the details of Dr. Silson’s commentary
with L, what vollows i3 esscutially his. My own concluding remarks would cemphasize what
fve. Eilzon ::":;:c'sts, that it would be excecdingly useful to compare the historical, physical,
anl liloratory characteristies of the paticats who respond to fodide and those who do not,
in an effort to clucilate the naturo of the difference. Dr. John Silson’s remarks follow:
Ir. Jehn E. Silson—TFirst, the concept of hetorogeneity caunot be applied to the
¥alzation of a primary therapentie responise, sinee the very basis of the statistical evaluation
ol o ra p'"m'- is #*3 heterogenity: namely, that some patients respond to the.treatment, while
foomi Ay not, Mamegenity (sbrence of hetcregeneity) tests should be used only to insure
b test :nd control groups are similar with respeet to secondary characteristics, such
1 duration of illmess, age, and sex, which might influence response. This type
:nded to iasure that the sempling proccdure, whether random, stratified,
2ty matched, docs not intreduce any bins factora between the groups lieing com-
w7l dfor whish eozrecticn fuotors might be necessary, or Which in an extreme case might
sren ves Pletely Tuvalidate the results), Tests for homogeneity are neeedary only in cross-over
£hativg, fa whieh the same pogulation is used for all groups, when a lurgo order cf'tcct is
ia ‘s.nrh case the starting groups should be eompared. : .
: h whieh Dr. Siegal is concerned is not hot--rogonexty, but rather
tion. T & true therapeatie effect exists, but only in a small percentage of
oth tect nal control groups, assuming proper sampling, become diluted with
2qtad number of norrespondeats; and the sample size noecssary to pick up
ware hetwmes roogreat aa to be impracticel. Under these circumatances,
at to xun u eoutrolled study in an unselected populution to demoustrate

Thivd, it ig snfottunste that ““Qouble-blind’’ has hecome the sine que non of a con
Actually, Blinding is only ene of the many touls aenilable to the hiostatistician,
vietion nelors, Tu asthma, where evaluxtion of response
y % deubleblind cheek of a mediention iv normally advisable, Tt is fully
weferable, hyvever, fint to clininate the auercponders by means of
¢ trial. 2 «" ‘bleLlind eontrolled mtody enly on thuse showing
inehple Both dewg and placeho respendints) cau then be
-over denipn A gingle ‘;hml ol it as D Siegal
e far o = may have unronzciously
knowindyre of the change in ween theugh p:\ticnt
differcace in respoias oo i

ity uines the

Aoy iy
cirent to } qH\:uu.Alth‘

Ales b4 uen dn "r’.n“tm" elindoal O vy fristien T anea Totar

eon play aa
’]n- }-:.I’:‘::t tiliely o rerpond
Hiepal rmealions thsl Qb laa
p:w.'r!(’»l no cther Jd ligetive

IS T

vived ihat the dodiveere
Oatueen,®? but v wonder B
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ond vegative reactors lave been tabuluted mnd then compared statistically to serk same
elue ns Lo thoir differences. Rimilarly, how carcfully lhave extensive Jaboratory studies of the
twa groups been compared, with particular attention to tests related to jodine wetabolism,

Dr. Siegal—Tt was only after considerablc hesitation thag 1 permitted mysell to sulai:
for publication these obrervations on tho asthma-suppressive effect of potassium jodide. This
experience has been colleeted over a period of ten years but it was difficulf to subjoct tu
sdequate controlled experiment. I was well aware that any claims for such an unusual dogres
of effeetiveness for so notoricus an agent as putassium jodide would automatieally miet
with dishelief and rejection.

These cases, culled from private practice, made it diffiecult to resolve the ethival question,
of upsetting the patient’s favorable elinical course by the administration of falsely litweled
tablets. Morcover, it is not the custom in this community for a physician to dispense sedicn-
tion to a patient direetly. Thus, the control medication would itself raise some doubt in the
patient’s mind., Furthermore, as indicated by one of the discussants, such an experiment is
only an imperfect control.

Fully reulizing that clinical observations of t]m type are in some disrepute, 1 did ne
think it right to allow possibly significant observations to remain unrcported, perwitting
a treatment perhaps of real value to remain unrceognized.

I wish to indicate my sincere appreciation both to the Editor of the Jou:\'.n and e
the discussants. T am happy to observe with what seriousness this subject has been considered.
My hopes have been fulfilled that the publication’ of data on this exceptional aetion of
potassium jodide, even though inconclusive, might stimulate the kind of interest that weu!d
ultimatcly lead to a final answer to the problem. :

Dr. YanArsdel made-the very important point that my observatiuns cértainly mh(‘l.e
that iodides are worthless for the majority of asthmatie patients. Tt is also truc that thev
ought not to be used casually, It ig the poiut of this paper that iodides should be precerit
with the purpose of determining whether they will induce an asthma-suppressive setion. If
not, they should be discontinued. Inereascd awarcncss of the thyroid complieations of ;
treatment as well as the mansgement of other more minor side effeets are also prootion
considerstions of value. However, 1 would wish to express some disagresument with the <iate-
ment that ‘“only the patient’s subjective responses could be utilized; at least no quantitstive
basis for comparison was mentioned.’’ In Case 1, timed and total vital cnpaeity measurerients
changed favorably during therapy. More imiportant, judgment as to improvement was Lase!
upon the disappearance of brenmchopulmonary physical signs; upon diminution in the re-
quirement for other antiasthmatie medicstion, even with discontinuanee of steroids; upen
the observed increased well-being of the patient, as to general appearance, complexion, enlor
of membranes, weight gain; and above all on the patient's increased (:llnzzcilj' to perfor:
both normal and even strenuous exertion which had formerly veriously handizapped Liu Sut
observations may be as objective, if not as quantitative, as thase that appewr on a pulmonnry
function testing reeord. .

Dr. VanArsdel and others have raised the guestion of spontmncvus roviissions in getbrag
s explaining the apparent 1esponso to the drug. While well nware of this disieuliy, 1 v

“suggest that il is preeisely our inezpacity to provide much patients with prelonged reniissions

that impels them to shop from doctor to deetor and ecven from clims
relief. This is cspecislly true of wellestahlished asthma. In (o LIS RITN
thirty two years; in Cose £, nineteen years; in Case & doven years; in Chsa 10,
in Case 4, five years. Buch patients enly rudly have spontoveous rowi sions Lo
period. ]n more than twenty years of speein! experionse with natloe, | :
to induee such remissions with aminopbyline. Why thd it follow patas
be coincidence ouly? =

Pethaps too ammeh emplasis in ihe discwssion hus heen plaeed apon the oreiturs
question of o fonduwental differentintion between Jodidesrespotsive and fodide i aenXive
asthran, This concept was after all imited to o proveeative omeentonse question, D, 1ol

k3
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in raising this question is not too dificult to categorize, for it is simply onc of curiosity.
At this juncture, the, fundamental problem is to determine whether jodide docs exert tho
pharmacologic effcet elaimed for it, and if so, what the mechanism is that underlies this
action. For this rcason T would agree with Drs. Bukantz and Silson that one cannot now
cast light on the fundamenta] difference which may exist between the jodide-responsive and
unresponsive asthmaties. First lot it be woll estublished whether there is in fact such o selcet
group who respond so uniquely to this simple compound. Our problcm now is not so much
one of genctics as of pathogenetics.

Dr. Lowell asks particularly about nasal polyps. Since I was askcd to present these
cases as compactly as possible, negative observations were, omitted. Where nasal polyps
were prosent they were reported; when not reported they were absent,

As to Dr. 1tkin’s question concerning the role of bronchial infection in relation to the
jodide effect, there did not scem to be any rclationship. In some patients iodide control
appeared to prevent an asthmatie flare-up despite seute respiratory infeetion. Todides “were
helpful when bronehial infeetion seemed absent. I have no way of knowing whether this
action is related to a fungicidal effcet of iodide, but I doubt it. Dr. Mathews indiented the
diffeulties which would be involved in attempting to establish the asthma- suppreasxve action
of tLe iodides by means of a double-blind study.

T am delighted to learn of the systematic observations of Dr. Falliers and his group in
Denver under the favorable controlled conditions available in ar asthma institute. While
conclusions must await the result of the full three-year program, perhaps it is significant
that on preliminary analysis the children on jodide fared morc favorably. However, the
jodide dosage employed in this study appears to me 2 little too smull for maximum «ffective-
ness. I have previously had the pleasure of discussing this iodide effect with Dr. Falliers
and am happy indeed that he has set such a stuly in motion.

The pussible mode of action of the.drug as suggested "by the various discussants
certainly is not cluciduted hy my obscrvations. I have no dataton cither potussium or iodide
metabolism in theso patients. Tn respomse to one question, it should be stated that in Case 1
asthma was benefited even thou"h the patient was taking desiceated thyroxd for his thyroid
adeooma.

Perhaps as a scientist T ought to have presented this problem quite differently: ¢“These -
arc the data; what do they signify$’’ But as a practicing phyzician and allergist cue in-
evitably feels the impact of the enthusiasm and gratitude which these patients express in
reaction to their unexpeeted and persistent relief from suffering. As a result of this, I have
come to hold the conviction, perhaps wrongly, that there is in fact such an effect as the
asthma-suppressive nction of potassium iodide.



EFFECTS OF. POTASSIUM IODIDE ON THE SKELETAL
TISSUES OF GROWING MICE * :

MarTiN SipERBERG, M.D., and Rurke Smeersere, M.D.

(From the Department of Pathology, New York University, College of Medicine,
' New York, N. V.)

In former investigations, we observed ! that administration of potas-
sium iodide for zo days stimulated both proliferation and regression
of the epiphyseal and articular cartilages in immature guinea-pigs; it
also increased the resorption of the primary bony trabeculae during the
growth period. These changes resembled in some respects the early
changes found in the cartilage of growing mice and guinea-pigs subse-
quent to the administration of anterior hypophyseal and thyroid
hormones.?

The present investigation was undertaken in order to determine how
prolonged administration of potassium iodide influences skeletal de-
velopment and ageing in mice, and how these effects compare with those
obtained by the administration of anterior hypophyseal and thyroid
hormones.

MATERIAL AND METHODS

Twenty-eight male mice were used in these experiments. Eight mice
of the closely inbred strain Cs57, 4 weeks old, received intraperitoneal
injections of o.1 cc. of a 2.5 per cent solution of potassium iodide in
distilled water. Two of these mice were injected for 4 consecutive days
and sacrified the next day; the remaining 6 mice were injected for s
consecutive days; no injections were given on the sixth and seventh
day. The animals were killed in pairs after 1, 2 and 4 weeks following
the first injection. Twenty mice of the closely inbred strain C;H, 4 to 6
weeks old, were treated in the same way for periods of 4 days, 1, 2 and
4 weeks, and 2, 3, 4, 5 and 11 months. Four untreated male mice of the
strain Cs7 and 10 of the strain CsH (when possible, littermates) served
as controls.

At necropsy, tibia and femur were removed as a whole. The growth
zone-at the upper tibia was selected for histological study.

* These experiments were conducted in the Laboratory of Research Pathology, Wash-
ington University, School of Medicine, St. Louis, Mo, {

The investigation was carricd out by the aid of grants from the Committee on Re-
search in Endoctinology of the National Rescarch Council, the Jane Coffin Childs
Memorial Fund for Medical Rescarch and the International Cancer Research Foundation,
given to Dr. Leo Locb; and from the Albion O. Bernstein Fellowship in Pathology, New
York University, College of Medicine.

Received for publication, June 25, 1943.
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OBSERVATIONS

The animals stood the injections well. During the first 2 weeks, the
mice injected with potassium jodide gained somewhat less weight than
the untreated animals. In strain Cs7, this deviation from the normal
was more accentuated than in strain C;H. However, after 4 weeks of
injection of potassium iodide, there was no difference in the weights of
the treated and the control mice.

HISTOLOGICAL EXAMINATION
. L. In Strain Cs57

(a) Epiphyseal Disk. After 4 days of injection of potassium iodide,
the pattern of the growth zone of 4%;-weeks-old mice was regular. Ina
single row, 4 hypertrophic cartilage cells were counted, as is normal
for this age; the columnar cartilage cells were slightly increased in
number; there were 1o to 12 instead of the usual number of ro. The
nonoriented cartilage cells’ were rounded off and had undergone notice-
able proliferation. The columnar cartilage cells likewise showed in-
creased mitotic proliferation, and their conyersion into hypertrophic
cartilage cells was intensified. ' 4
" One week after the beginning of the injections of potassium iodide,

the epiphyseal disk was narrower than after 4 days of treatment, and
also somewhat narrower than in untreated mice of corresponding age.
The mitotic proliferation of the cartilage cells was less accentuated than
after 4 days of treatment. In a single cartilage row, the number of
columnar cells had fallen to 8 to 1o, and that of hypertrophic cells to
2 to 3. Simultaneously, the columnar and hypertrophic cartilage cells
had decreased in size, while the cartilage ground substance had in-
creased in amount and the calcification of the cartilage was intensified.
Moreover, the cartilage cells had undergone karyolysis and karyor-
rhexis, conditions not seen in control mice of this age. The conversion
of columnar into hypertrophic cartilage cells and the replacement of
“the latter cells by bone were markedly accentuated.

After 2 and 4 weeks of treatment with potassium iodide, the zone of
endochondral ossification showed a distinct narrowing and a heavier
calcification than ordinarily. The number of columnar cartilage cells
in a single row was 6 to 8 instead of 1o, that of the hypertrophic cells
was 2 instead of 4. Moreover, regressive changes in the cartilage be-
came conspicuous. Several groups of adjoining cartilage cell-rows were
thus affected, and thick plugs of amorphous cartilage appeared in the
growth zone of 6-wecks-old mice (Figs. 1 and 2). In healthy untreated
animals of this strain, a similar condition is not seen before the end of
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the fourth month of life. Resorptive processes had likewise increased
and had begun, in some places, to dissolve the amorphous plugs. Per-
forations of the epiphyseal disk, however, were not observed.

(5) Subepipkyseal Layer. After 4 days of injection of potassium
iodide, the subepiphyseal zone, in which the replacement of cartilage by
~ bone takes place, was congested. Mitotically proliferating spindle cells
and epithelioid cells acting as osteoblasts filled the opened cartilage
capsules and the peritrabecular tissue. After 1 and 2 weeks of injection,
a partly fibrous, partly osteogenic tissue had developed. Numerous
trabeculae containing nonossified or incompletely ossified cartilage were
linked with each other by transverse bony bridges, but at the same time
resorption of bone became accentuated. The activity of increased
numbers of osteoclasts and of enlarged capillaries had caused a short-
ening of the bony spicules that were thickened in their prox1mal parts.

After 4 weeks of administration of potassium 1od1de, a thick trans-
verse bony plate delimited the layer of hypertrophic cartilage cells from
the bone marrow in 8-weeks-old mice. This condition is ordinarily not
found before the end of the fourth month of life in animals of this
strain. On account of the increased resorption of osseous tissue, the
excessive amount of trabecular bone found at the earlier experimental
stages had disappeared.

(¢) Joints. During the first 2 weeks of injection of potassium iodide,
the articular cartilage proliferated markedly by mitoses and underwent
increased hypertrophy (Fig. 3).

After 4 weeks of treatment, the hyperplastic processes had de-
creased, whereas * pertrophy and ossification of the cartilage were
still prominent. These changes were followed by, or associated with,
an intensive resorption of cartilage and bone. Karyorrhexis and
karyolysis of the articular cartilage cells were pronounced.

(d) The Bony Shaft. During the carly stages the periosteum was
vascular and loose. The spindle cells at the inner and outer surfaces
of the compacta proliferated very much, and they were, in greater
numbers than ordinarily, converted into osteoblastic epithelioid cells.
Thus, both endochondral and periosteal ossification were increased, the
maximum being reached after 1 and 2 weeks of injection of potassium
iodide.

Following this period, increased cellular and vascular resorption
caused a solution of the excessive amount of bony tissue seen at the
earlier experimental stages. Thus, the histological structure did not
differ from that seen in untreated mice of corresponding age. There
were no changes in the bone marrow proper. .
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I1. In Strain C.H

The skeletal tissues of mice of strain CsH exhibit ordinarily a faster
rate of development and ageing than those of strain Cg7.2

(a) Epiphyseal Disk. After injections of potassium iodide for 4
days, the epiphyseal growth zone of mice of strain C;H, 414 weeeks old,
showed a greater narrowing and a heavier calcification, but less stimu-
lation of proliferative processes in the cartilage than the corresponding
animals of strain C57. In a single cartilage cell-row of strain C;H, 2 or
3 hypertroph_xc instead of 4, and 6 or 7 columnar cartilage cells instead
of 1o, were counted. As in strain C37, the conversion of columnar into
hypertrophic cartilage cells was intensified, and it began farther prox-
imally than usual. The hypertrophic cartilage cells underwent an ac-
centuated replacement by bone. ‘

After 1 and 2 weeks of treatment, the cartllage cell-rows had short-
ened still mote than after four injections of potassium iodide. The
number of hypertrophic cartilage cells in a single row had now fallen
to 1 or 2, whereas the number of columnar cartilage cells was un-
changed at 6 or 7. The cartilage cells were shrunken and densely cal-
cified (Figs. 4 and 5). The regressive changes had affected several
cartilage cell-rows and amorphous plugs of cartilage appeared in the
grawth zone of mice 5 and 6 weeks old. Breakdown and osseous re-
placement of the hypertrophic cartilage had progressed so rapidly that
after 2 weeks of injections typical hypertrophic cartilage cells were
lacking, while the number of columnar cells had decreased to 5. The
degenerative plugs had increased in number and extent.

After 1 month’s treatment, larger areas of the epiphyseal cartilage
had undergone regression and such a degree of calcification that a cell
count could not be made. On the other hand, advancing bone marrow
began to resorb the amorphous plugs (Fig. 6). Thus, in 24-months-
old mice of strain C;H, the structural age of the epiphyseal growth
zone was comparable to that of untreated mice of this strain 4 to 6
‘months of age.

After 2 months of injections of potassium iodide, the conditions were
the same as after 1 month.

With prolonged duration of the experiment, the resorption of bone
made some further progress, whereas the histological appearance of the
cartilage cells had not changed as compared with the preceding stage.
Four and 5 months subsequent to the beginning of the treatment, wider
perforations of the epiphyseal plate were noted. After 11 months of
injection, the structural age of the epiphyseal disk in mice of strain
C,H did not differ from that of control mice of corresponding age.
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(&) Subepiphyseal Layer. The subchondral lamella separating the

~ epiphyseal cartilage from the bone marrow was laid down as early as 1

week after administration of potassium iodide had begun, whereas in
strain C57 a corresponding state was reached only after 4 weeks of
treatment.

After 2 and 4 weeks of injection of potassium iodide, the greater part
of the spicules had been dissolved, while the transverse bony plate had
become more solid. ‘

After 1 and 2 months of treatment, the thick osseous plate had be-
come corroded on its distal side by bone marrow. '

After 3 or more months, the subchondral bony lamella had thinned
out, and such bony spicules as were still present were likewise in an
advanced stage of resorption. After 11 months of treatment, the con-
ditions did not deviate from those seen in noninjected animals of cor-
responding age. .

(¢) Joints. The hyperplasia of the articular cartilage was less ac-
centuated, whereas hypertrophy and regressive changes were more
pronounced than in strain C57. At later stages, resorption of bone was
intensified. Hyalinized homogeneous areas were found in the articular
cartilage. They apparently had replaced areas of cartilage that had
undergone regression. ]

(d) The Bony Shaft. During the early experimental stages, the
compacta was thicker than in strain Cs7, probably due to the greater
amount of bone usually present in strain CgH.

After 2 and 4 weeks of treatment, resorption of bone was more pro-
nounced than was seen in strain Cg7. After 2 and more months of
injection of potassium iodide, the resorptive processes were still more
accentuated. After 5 months of treatment and later, the equilibrium
between formation and resorption of bone was restored. The cortex
showed the usual density and thickness.

COMMENT

In growing mice, the early effects of potassium iodide on the skeleton
consist of a stimulation of the growth of the epiphyseal and articular
cartilages. Subsequently, regression, calcification, ossification and re-
sorption of cartilage and bone are increased, and the onset of epi-
physeo-diaphyseal union is accelerated.

Potassium iodide thus promotes skeletal development as well as
ageing (1) by an intensification of the growth processes, which is
however, associated with a shortening of the growth period; (2) by an
acceleration of the onset and progress of the second phase, in which
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regressive changes predominate; and (3) by hastening the beginning
of the third phase, the one during which resorption of cartilage and
bone are prominent. However, with prolonged administration the age-
ing effect of potassium iodide decreases, and at later stages the struc-
tural age of the skeletal tissues is not different from that seen in
normal old mice. Complete epiphyseo-diaphyseal union was not ac-
complished. : : C

The present investigation on the effect of prolonged administration
of potassium iodide thus supplements the observations made previously
in immature guinea-pigs injected for 20 days. In these guinea-pigs, the
stimulation of proliferation and regression of the cartilage had reached
a maximum after 14 days, after which period it returned to normal.

The scanty reports on the effect of iodine on body growth are not in
agreement. Cameron and Carmichael * did not observe any influence
of sodium iodide on body weight and body length of rabbits and rats.
Lipschiitz and Morales ® reported retardation of growth subsequent to
the administration of potassium iodide to rats, but Hooker and New-
man® noted no such retardation in mice. On the other hand, accelera-
tion and increase of body growth were found in rats,”® chickens,’
pigs *® and sheep.!! In growing guinea-pigs, we observed markedly

_increased mitotic proliferation of the epiphyseal cartilage after a
change to an iodine-enriched diet. According to Hunziker,'? children

given iodine were taller than those kept on a normal diet. '

" The effects of potassium iodide in our guinea-pigs were much more
transitory than in our mice. In the guinea-pigs, the treatment was
short in reldtion to the duration of the growth period; it thus might
have been too short to cause a more profound alteration of the curve
of skeletal growth and ageing. In our mice, on the other hand, the
treatment was extended through a large part of the growth period, and
in some animals even far into the second and third phases of skeletal
development. Furthermore, strain differences may exist in guinea-pigs
similar to those observed in mice. These differences play a rdle in
determining the responsiveness of tissues to potassium iodide, and the
guinea-pigs used in our previous experiments may have belonged to a

. less responsive strain.’

Mice of the slowly ageing strain C57 showed marked skeletal growth
changes after treatment with potassium iodide. Conversely, mice of
the more rapidly ageing strain CsH, whose natural growth capacity was
almost exhausted at the time of the beginning of the injections, showed
relatively little or no increase of proliferation of cartilage. However,
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regression of cc:lrtilage and resorption of cartilage and bone, that had
been in progress at the beginning .of the treatment, could be intensified
and accelerated also in mice of strain CsH.

The effects of potassium iodide on the skeletal tissues in mice and
guinea-pigs decreased with proloriged administration. This may be due
to an adaptation to this substance as Loeb '* and Gray and' Loeb
have observed to occur in the thyroid of rodents. The data of Mendel
and Vickery '® likewise suggest a gradual decrease in the effectiveness
of potassium iodide, although the authors do not comment on this point.
Their rats fed with additional potassium iodide showed a greater in-
crease of weight and growth during the earlier stages of the experi-
ments than untreated rats. However, the figures obtained at the end
of the experiments were similar in the control and in the treated groups.

The effects of potassium iodide on cartilage and bone are comparable
to those caused by the administration of anterior hypophyseal and of
thyroid hormones.? The differences that do exist are those of degree
rather than of kind. The action of potassium iodide was weaker and of
shorter duration: there was less proliferation of cartilage during the
first phase, the period of growth; regression of cartilage, characteristic
of the second phase, was less enhanced than after treatment with either
anterior hypophyseal or thyroid hormones; and while the onset of the
third phase, that of predominant resorption, was accelerated, resorption
did not progress so rapidly, and it was not so intensified as after treat-
ment with the other two hormones. Moreover, potassium iodide caused
less bone formation than did anterior hypophyseal hormone. :

Although there exists a certain similarity between the skeletal effects
of potassium iodide, anterior hypophyseal and thyroid hormones, little -
can be said as yet about a corresponding similarity in the mechanism
underlying the action of these various sul:stances. Potassium iodide
seems to affect the cartilage for the most part directly, and not by way
of the thyroid gland; in thyroidectomized guinea-pigs, it stimulates
the growth of cartilage almost to the same degree as it does in animals
with intact thyroids.!® Other extrathyroidal effects of iodine have been
reported by Chapman.'” Rats show increased food utilization and
water intake subsequent to the administration of potassium iodide as
they do after injections of anterior hypophyseal hormone.® Further-
more, in young pigs, potassium iodide caused an increased retention of
nitrogen,'® a phenomenon also observed under the influence of anterior
hypophyseal hormone.’® Finally, thyroxin-like effects on metabolism
and growth have been obtained with iodized proteins.** >
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SUMMARY

In growing mice, potassium iodide stimulates the progress of the
three phases in the life cycle of the skeletal tissues. It increases tem-
porarily the proliferation of the epiphyseal and articular cartilages, ac-
celerates the onset of regression in the latter and stimulates first the
formation and subsequently the resorption of bone. The skeletal effects
exerted by potassium iodide thus resemble those caused by administra-
tion of anterior h pophyseal hormone and of thyroxin; but they are
less marked and more transitory than the latter. As is the case also
with various hormones, mice of the slowly ageing strain C57 are more
responsive to the administration of potassium iodide than are mice
of the more rapidly ageing strain CzH.
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[ Hlustrations follow ]

. DESCRIPTION OF PLATE

PLATE 57 ’

1. Section through the gtéwth zone at the upper tibia of an untreated mouse
of strain Cg7, 6 weeks old. Epiphyseal disk shows regular pattern and is wide.
X 120. o

2.. Section through the growth zone at the upper tibia of a mouse of strain
Cs7, 6 weeks old, which, from the age of 4 weeks on, had received injections
of o.1 cc. of a 2.5 per cent solution of potassium iodide five times weekly. As
compared with Figure 1, the epiphyseal zone is somewhat narrowed, more
heavily calcified and exhibits a thick plug of amorphous cartilage. X r20.

3. Section through the articular cartilage of the lower femur of a mouse of
strain Cs7, which had received four injections of 0.1 cc. of 2.5 per cent solution
of potassium iodide starting at the age of 4 weeks. The articular cartilage
is hyperplastic and hypertrophic and shows mitotic figures. X soo.

2. Section through the growth zone at the upper tibia of a mouse of strain
C,H, 8 weeks old. Epiphyseal disk narrowed as compared with Fig. 1. X 120.

5. Section through the growth zone at the upper tibia of a mouse of strain
C,H, 7 weeks old, injected for 2 weeks with o.r cc. of 2.5 per cent solution
of potassium iodide five times weekly. As compared with Figure 4, the epiphy-
seal growth zone is more heavily calcified, showing formation of a plug of
amorphous cartilage. X 120.

6. Section through the growth zone at the upper tibia of a mouse of strain
C,H, 8 weeks old, injected for 4 weeks with potassium iodide. Beginniig re-
sorption of the epiphyseal plate by bone marrow. X 120, )
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Absorption of Potassium JTodide from Gastro-Intestinal Tract.* (26366)
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(Introduced by Sidney H. Ingbar)
(With technical assistance of R. Cavanagh and P. L. Colon)

Gastrointestinal Research Laboratoery, Mallory Institute of Pathology, X-ray Dept., 2nd and
4th Medical (Harvard) Services, Boston City Hospital, and Dept. of Pathology, Boston
. University School of Medicine

Prompt excretion of orally administered
jodide by the salivary gland provides a sim-
ple measure of the rapidity of its absorption
from the gastro-intestinal tract. Salivary io-
dide excretion is clearly altered in a variety
of clinical states in man(1), but the site of
its absorption is controversial(1,2,3,4,5,6).
In view of its possible utility as a measure
of gastrointestinal absorption, it seemed de-
sirable to determine what organ or organ sys-
tem is involved in its absorption.

Methods. 1. Human: The potassium io-
dide absorption test(1) was conducted as

" follows: Subjects were given a solution of
0.25 g of potassium iodide in water, per os,
following a 14- to 16-hour fast. Their
mouths were then rinsed. Saliva was col-
lected every 2 minutes and tested for pres-
ence of iodine (1 ml of saliva added to 1 ml
of a 19% starch solution containing 4 drops of
a 10% FeCl, solution; this test*is positive
for as little as .0027 mg of iodine). Ten nor-
mal subjects werc found to have iodine pres-
ent in their saliva in from 6 to 14 minutes,

* Supported in part by Grants from USP.HS,
Am. Cancer Soc. (including Massachusetts Division)
and Damon Runyon Memorial Fund,

well within the normal limits determined by
Heath(1). Seven of these subjects were re-
tested similarly, except that BaSO, was
added to the potassium jodide solution in
sufficient quantity to produce a moderately
thick suspension, and the studies were done
under fluoroscopic control. The subjects
were placed on a fluoroscopy table and were
rotated so that all portions of the stomach -

“ were exposed to the iodide-containing radio-

opaque medfum. They then were placed in
a supine position, rotated slightly to the left.
Saliva was collected and tested for iodine
every 2 minutes, and fluoroscopic observa-
tions were made at these same intervals. Onc
of the subjects in this group was restudied
(after an interval of 3 days) with Urokon®
(50%) as the opaque substance to obviate
the possibility of physical interference with
absorption by BaSO;. The saliva of all of
the above subjects contained no iodide until
some of the radio-opaque medium had been
seen to pass into the duodenum (Table T).

A solution of potassium iodide was in-
stilled, via a tube, directly into the duodenum
of 2 of the previously tested subjects. Todide
was detected in their saliva in 2 to 4 mim
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TABLE 1. Potassium Iodide Absorption in Hu-
mans,

Min, between intake of
K1 solution (including
contrast nu-dign) amd

(b) Time from

()
Duodenal Sdlivary  duodenal to
Potassium appearance appearance  salivary

iodide of barium  of iodine appearance
- Min, <

In barium sul- 22 24 2

fute 12 15 3
23t 25 3
* — —

* — —

37t . 40 3

35t 39 4

In diodrastt * —_ —

In barium sul-  Direet in- 3 3
fute instilled  stillation
directly into " 4 4
duodenum )

In barium sul- 110 114 4
fate given 120 123 3
after 7.5 mg 130 133 3
1.V. proban-
thine

* Test discontinued after 20 min,

t Patients studied twice.
utes. This corresponds to the results ob-
tained when potassium iodide (.25 g in 20
ml sterile distilled H.O) was given intrave-
nously to 4 alcoholic patients(7). Three
subjects were given .25 g of potassium iodide
in a BaSO,; mixture, per os, after they re-
ceived intravenous probanthine which was
given to delay gastric evacuation. Saliva of
these subjects was negative until there was
fluoroscopic evidence of BaSQy in the duo-
denum,

2. Wistar strain malc yrats weighing be-
tween 147 to 181 g were used. Animals were
secured to a board; their abdomens were
shaved and infiltrated with 1% xylocaine
hydrochloride. Group I (11 rats): A mid-
line incision was made and a polyvinyl tube
was passed perorally into the stomach. A
loose ligature was placed at the cardia, to be
tied at terminati:. of experiment, and an
occluding ligature was placed at the pylorus.
(All major vessels werc avoided.) The
stomach then was evacuated vie the tube and
washed with § ml of distilled water. Two ml
of a 259% solution of potassium iodide (in
OIN HCl) was injected into the stomach.

The tube then was removed and abdominal
incision closed. The animals were sacrificed
after a 1-hour absorption period. The
stomachs were removed and the contents
quantitatively extracted with demineralized
water.

Group IT (12 rats): A midline incision was
made and a polyvinyl tube was passed peror-
ally and manipulated into the duodenum. A
loose ligature was placed at the pylorus (ex-
cluding all major vessels) and 2 ml of a
25% solution of potassium iodide (in .0IN
HCl) was slowly (1-114 min) injected into
the intestine. The tube then was removed,
the pyloric ligature tied to prevent flow from
the stomach, and the abdominal incision was
closed. Animals were sacrificed following -
one hour of absorption. The entire intestinal
tract, excluding the stomach, was removed
and the conitents quantitatively extracted and
analyzed for retained iodine by protein bound
iodine methods(8). An average of 55 mg
potassium iodide/100 g rat/hr was absorbed
from the intestine (Table II). The differ-
ence is highly significant (P>.01).

Discussion. The present studies support
the contention of several authors that the
principal site of absorption of iodide is the
small intestine. Heath and Fullerton(1)
studied absorption of iodide in human sub-
jects, using the method employed in this
present study, and found that iodine could
be detected in saliva of normal subjects in 6
to 15 minutes after oral ingestion, while its
appearance was markedly delayed in patients
with scurvy, myxedema, pernicious anemia
and alcoholic cirrhosis. They felt that this
delay reflected intestinal malabsorption on
the basis of the work of Cohn(2), Eisenmann
(3) and others. Cohn(2) assessed absorp-
tion of jodine in isolated segments of the in-
testine of anesthetized dogs. He found that
63% of potassium iodide placed in the colon

TABLE TT. Potassium Todide Absorption in Rats.

Potassium
Potassium  iodide
No. Avgwt, iodide  absorbed mg/100 g

rats g inj,mg mg /rat/hy
11 164 870 85 14,9 55 + 21
12 163 650 320 489 197 -+ 34
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and from 74 to 80% of the potassium iodide
placed in the jejunum was absorbed, while no
more than 31% of the iodide placed in the
stomach was absorbed. The difficulty in re-
covering the contents of -the stomach, this
author suggested, might have caused a loss
which would place the: percent absorbed
higher than the actual amdunt absorbed. In
support of the absorptive role of the stomach
are the findings of Rankin(4), Henning(5)
and Bertrand(6). Rankin(4) instilled po-

tassium iodide into the rumen of sheep and

detected iodine in the saliva in 4 minutes,
concluding that the stomach was a principal
site of iodine absorption. Henning(5) and
Bertrand(6) found that patients with chronic
gastritis and gastric ulcer excreted salivary
iodine more rapidly than notmal subjects, as-
suming that potassium iodide was absorbed
in the stomach. '

The difficulty in determining the exact
time of pyloric passage may account for the
discrepancy between our results and those of
Henning(5) and Bertrand(6). Henning as-
sumed that by placing the subject in the left
lateral decubitus position, negligible amounts
of gastric contents would enter the duo-
denum, while Bertrand determined time of
passage using an air-fluid contrast technic
under fluoroscopic control. In the present
study, the use of radio-opaque media per-
mitted more accurate determination of the
passage of small quantities of potassium io-
dide into the small intestine. Also, the time

elapsed between passage into the duodenum
and salivary appearance of iodide agreed
closely with the time required for detection
of salivary iodide when potassium jodide was
instilled directly into the duodenum.

Summary. Potassitm iodide mixed with
radio-opaque media was administered orally

-to human subjects studied under fluoroscopic

control. Iodide appeared in saliva of these
subjects 2-4 minutes after mixture passed
into the duodenum. Todide instilled directly
into the duodenum of 2 subjects was detected
in their saliva 3-4 minutes later. 14.9% of
the iodide placed in the stomach and 48.99,
of the iodide placed in the duodenum of rats
was absorbed within one hour. It appears
that the small intestine is the principal site
of absorption in humans and in rats.
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THE EFFECT OF ENVIRONMENTAL TEMPERATURE AND
POTASSIUM I0DIDE SUPPLEMENTATION ON THE EX- '
CRETION OF IODINE BY NORMAL HUMAN
SUBJECTS* .

By HARRY SPRCTOR, H. H, MITCHELL, anp T. 8. HAMILTON
(From the Dipiéion of Animal Nulrition, University of Illinois, Urbana)

(Received for publication, June 25, 1945)

Todine balance studies were carried out for the first time by von Fellen-
berg (1) on himself in 1926. This was possible only after his fundamental
research resulted in the development of a micromethod sensitive enough
to determine quantitatively the minute-amounts of iodine excreted by the
normal human subject. Scheffer (2, 3) studied the iodine balance in
normal subjects and patients with thyroid disease. Both of these in-
vestigators recognized the importance of the skin as an avenue of excretion .
in attaining a true balance of iodine. Curtis and associates (4-6) also
measured the dermal excretion of iodine in their extensive investigations
of the effects of thyroid disease on iodine metabolism.

The dermal excrelion in the above mentioned investigations has been
loosely termed “sweat,” although the environmental temperatures did not
exceed 24° and most of $he subjects were hospital patients confined to bed.
Furthermore, the dermal excretion was obtained only after repeated wash-
ing of the body and underclothes, not by a collection of sensible perspiration.
These results on the loss of iodine through the skin, however, suggested

the importance of studying the dermal excretion of iodine under conditions
which would induce profuse sweating.

EXPERIMENTAL

The data to be reported in this paper are taken from a 2 year‘study of
the effects of high environmental temperature and variable humidity
upon the dermal losses of certain minerals and vitamins and their me-
tabolites. During eight of the experimental weeks of this study in which
the subjects were on a constant adequate dict, iodine was determined in
the dermal excretions collected in 8 hour periods in a controlle environ-
ment and in the urinary excretions collected in 24 hour periods. During
four of these weekly periods, iodine was also determined in the daily food

* The data presented in this paper were taken from a project covered by a contract,
recommended by the Committee on Medical Research, between the Office of Scientific
Research and Development and the University of Ilinois,
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of cach subjeet and in the daily fecal collections. Tor 4 of the 8 weeks the
~ subjects received daily 2 mg. of KI each. X

Five young men, 20 to 28 years of age, were used as subjects. For 8
hours cach day, Monday through Friday, the subjects were kept in an air-
conditioned room maintained on alternate weeks at “somfortable” (about
28.9° dry bulb, 50 per cent relative humidity) and “hot moist” (38.3° dry
bulb, 69 per cent relative humidity) conditions.

Before entering the air-conditioned chamber each subject washed his
entire body thoroughly with soap and water, then rinsed with distilled
water. By means of a preboiled and rinsed piece of cheese-cloth each
subject removed all excess rinse water from the surface of his body. The
subjects then entered the chamber with no clothing other than klaks.

While in the chamber, the subjects did no work or exercise but sat on
chairs or cots which were completely covered with rubber sheeting and
towels, the latter preboiled and rinsed in distilled water. Visible body
sweat was absorbed on cheese-cloth, preboiled and rinsed thoroughly in
distilled &ater, and collected in a jar containing 10 ce.of glacial acetic acid.
At the end of the 8 hour period each subject washed his body first with 600
ce. of distilled water. The second, third, and fourth body washings were
made with 300 cc. portions of distilled water each, and these as well as
five additional 300 c¢. portions of distilled water were used in succession
to wash and rinse cheese-cloths, towels, klaks, chairs, and any other surface
upon which skin excretion might have collected, Al undiluted sweat
was combined with the body washings for analysis.

Before entering the exposure chamber, and immediately on leaving it,
the men were weighed without clothing to the nearest gm. on a Troemner
balance. The final body weight plus the weight of all urinary and fecal
excreta subtracted from the initial body weight plus the weight of all food
and water ingested gives the “net loss” in body weight. The net loss in
body weight under comfortable conditions averaged 92 gm. per hour,
representing largely insensible vapor loss. Under hot moist conditions,
the net loss in body weight averaged 676 gm. per hour, representing mainly
the secretion of the sweat glands.

On three Saturday mornings a 4 hour collection of undiluted sweat was
‘made under hot moist conditions for jodine analysis.  On these days each
subject stood in a large pan so as to colleet all sweat yunning off the body,
and also collected sweat continuously by running the lip of a clean beaker
over all readily aceessible parts of the body.  The samples were preserved
by the addition of glacial acetic acid.

The food and feces saples were dried, ground, and kept in tightly
stoppered glass jurs until analyzed. All samples were analyzed for iodine
by the methods described in detail in {he previous publication (7). V



