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Effects of Iodinated Salicylates on Metabolism of Rats and Mice.* (27414)

C. L. Gemmiry, K. M. BRowNING AND D. D. GEMMILL
Department of Pharmacology, School of Medicine, University of Virginia, Charlottesville

Although numerous derivatives of salicylic
acid have been studied for their effects on
oxygen consumption in man and animals(1-
7) no reports have been found on the effects
of halogenated salicylates in this respect.
Therefore, it was decided to determine the
effects of various halogenated salicylates on
oxygen consumption of rats. The following
halogenated salicylates were used: 5-mono-
iodo - 2 - hydroxybenzoate, 5 - monobromo - 2-
hydroxybenzoate, 3,5-diiodo-2-hydroxybenzo-
ate, 5 - monoiodo - 3 - hydroxybenzoate and 4-
monoiodo-2-hydroxybenzoate. Sodium sali-
cylate and 3-hydroxybenzoate were used for
reference experiments. The majority of these
compounds were tested with rats under 3 con-
ditions; normal, thyroidectomized and hyper-
metabolic. Also, the effects of sodium sali-
cylate and S5-monoiodo-2-hydroxybenzoate
were studied in mice. The results have been
published in part(8).

Materials and methods. The 5-iodo-2-hy-
droxybenzoic acid, 5-bromo-2-hydroxybenzoic
acid and 5-iodo-3-hydroxybenzoic acid were
made especially for these experiments by Cy-
clo Chemical Corp. The 3,5-diiodo-2-hy-
droxybenzoic acid was obtained from East-
man Organic Chemicals. 3-Hydroxybenzoic
acid was obtained from K and K Labora-
tories. Dr. R. Michel kindly supplied 4-iodo-
2-hydroxybenzoic acid(9). The sodium
salicylate was Fisher Certified Reagent.

Compounds in the form of the sodium salt
were dissolved in 10 ml of 0.02 N NaOH and
then made up to 100 ml with water. If the
compound was in the acid form, an equiva-
lent amount of 1.0 N sodium hydroxide was
added to neutralize the acid, then 10 ml of
0.02 N NaOH was added and the volume
made up to 100 ml with water. Previous ex-
periments with this amount of sodium hy-
droxide have demonstrated no effect on me-
tabolism. Also, the many negative experi-

* Supported in part by grants from Nat. Inst. of
Arthritis and Metab. Dis,, USP.HS. and from
Muscular Dystrophy Associations of America.

ments in this and previous work with com-
pounds dissolved in this manner indicated
that this solvent does not change the meta-
bolic rate. The solutions were injected in-
traperitoneally. The normal rats and the
rats made hypermetabolic were obtained from
Carworth Farms. Thyroidectomized rats
were obtained from Charles River Breeding
Laboratories. The hypermetabolic rats had
received 20 pg of 3,3’,5-L-triiodothyronine in
their drinking water for 2 months. This dos-
age was increased to 32 ug 2 weeks before the
experiments. The thyroidectomized rats
were used 5 months after surgical thyroid
removal. These animals were kept on an io-
dine low diet (General Biochemicals) and had
ceased to gain weight at time of experiment.
The white mice were obtained from Carworth
Farms. Oxygen consumption of the rats was
determined by a closed system(10) and oxy-
gen consumption of the mice was determined
by a Servo Spirometer (Custom Engineering
and Development Co.). Oxygen consump-
tions were converted into metabolic rates by
the usual methods. In each series, a number
of animals not receiving any of the com-
pounds were studied for controls. Food was
withdrawn from the rats the night before ex-
periment but not from the mice.

Results. The results are given in Tables I
to III. Table I shows the results with the
compounds which increased metabolism.
When dosages from 12.8 mg to 30.0 mg of
sodium salicylate per 100 g body weight were
used, there were increments in metabolism
both in normal and hypermetabolic rats. In
thyroidectomized animals there was no in-
crease in metabolism. In fact, at the higher
dose levels there was a fall in metabolism. In
contrast, when dosages from 8.4 mg to 20.6
mg per 100 g of 5-iodo-2-hydroxybenzoate
were used, there was an increment in oxygen
consumption in thyroidectomized rats as well
as in normal and hypermetabolic animals. In-
crements with this compound were greater
than with sodium salicylate. The rate of
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TABLE I. Effects of Iodinated Salicylates on

Rats. Maximal change obtained after injection.

Results given in terms of 9 change in basal meta-

bolic rates with reference to determinations made
on the same rat before injection.

% change in B.M.R.

Hypo- Hyper-
Dosage, meta- meta-
Compound mg/100g Normal bolie bolie
Sodium sali- 12.8 + 6.5 — + 23.4
cylate 15.2 + 403 4+ 12 4 252
20.8 + 28.7 150 + 70.5
25.0 + 394 - 238 4 814
30.0 + 53.5 327 4 75.6
5-Todo-2-hy- 8.4 + 14.2 — + 544
droxyben- 11.5 + 638 -~ 38 4 805
zoate 14.6 +100.5 + 334 4 95.4
17.5 +159.2 + 396 +4155.7
20.6 — + 80.0 —_
5-Bromo-2- 8.5 + 10.6 — + 26.0
hydroxy- 11.5 + 550 + 4 + 552
benzoate 14.5 4+ 69.5 — + 90.3
16.0 — 35.0 —
17.5 116.9 — +170.9
20.4 — +138.9 —
4-Todo-2-hy- 8.5 + 63.6 + 5.7 —_
droxyben-  11.5 + 604 + 10.8 —
zoate 14.5 4+ 75.2 <+ 53.8 —_
17.5 +136.7 — —

TABLE II. Effects of Salicylates on Metabolisin

of Normal Mice. Maximal change after injection.

Results given in terms of 9% change in metabolie

rates with reference to determinations made on
the same mouse before injection.

Dosage,

Compound mg/100 g Change
Sodium salicylate 19.6 + 22.2
45.6 + 28.2

65.2 + 37.2

65.4 + 28.6

66.8 + 40.1

67.4 + 37.8

69.1 + 33.8

5-Iodo-2-hydroxybenzoate 224 + 339
23.6 + 26.9

23.7 + 326

23.8 -+ 80.0

24.0 + 146

27.5 + 30.0

29.3 +100.0

change of metabolism with 5-iodo-2-hydroxy-
benzoate is very rapid with maximum change
within 30 minutes, in contrast to maximum
change with sodium salicylate, which may be
90 minutes. Comparable results were ob-
tained with S5-bromo-2-hydroxybenzoate. 4-
Iodo-2-hydroxybenzoate was also metaboli-
cally active in the normal and the thyroidec-

tomized rat. Both sodium salicylate and S-
iodo-2-hydroxybenzoate  produced incre-
ments in oxygen consumption of mice (Table
II).

In Table IIT are given the results on the
compounds which showed little or no activ-
ity. 3,5-Diiodo-2-hydroxybenzoate, 5-iodo-
3-hydroxybenzoate, and 3-hydroxybenzoate
did not increase the metabolic activity of rats
and at the higher dose levels decreased meta-
bolic activity.

Although no separate toxicity studies were
made of the halogenated salicylates, our im-
pression was that they were more toxic than
sodium salicylate. There were several deaths
in this series when the higher dosages of the
halogenated compounds were used.

Summary. A study was made of the effects
on oxygen consumption of halogenated salicy-
lates in normal, thyroidectomized and hyper-
metabolic rats. It was found that S5-iodo-2-
hydroxybenzoate and 5-bromo-2-hydroxyben-
zoate increased the metabolism of rats under
these 3 conditions. 4-Iodo-2-hydroxybenzo-
ate increased the metabolism of normal and
thyroidectomized rats.  5-Iodo-2-hydroxy-
TABLE III. Effects of Iodinated Salicylates on
Rats. Maximal change obtained after injection.
Results given in terms of 9% change in basal meta-

bolic rates with reference to determinations made
on the same rat before injection.

% change in B.M.R.

Hypo- Hyper-
Dosage, meta- meta-
Compound mg/100 g Normal  bolic bolie
3-Hydroxy- 40.3 -111 —_ —_
benzoate 50.2 -26.3 — —
70.3 —41.2 -40.1 -39.2
90.3 -31.5 — —
110.3 -39.6 —-381 -413
130.1 -30.5 — —
150.1 —-33.3 — —23.8
5-Todo-3-hy- 8.5 +30.3 — +21.6
droxyben- 11.5 —30.1 — -18.1
zoate 14.5 -16.0 — -14.1
17.5 -21.7 — - 2.6
20.6 + 75 — + 85
3,5-Diiodo-2- 1.0 -29.1 + 85 -183
hydroxy- 2.6 -18.5 — —
benzoate 3.0 — - 259 - 9.5
5.6 —40.2 -12.8 4176
8.5 -32.9 — +32.6
11.5 — —45 -27.7
14.5 -30.9 -31.2 —
17.6 -29.1 - 4.1 —
20.6 — —40.9 —
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benzoate and sodium salicylate increased the
metabolism of normal mice. 3,5-Diiodo-2-
hydroxybenzoate, 5-iodo-3-hydroxybenzoate
and 3-hydroxybenzoate did not increase the
metabolism of rats.
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Fecal Enzymes of Dogs with Pancreatic Exclusion.* (27415)

MorToN I. GrosSSMAN
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It has recently been shown that the feces
of rats contain enzymes that act on substrates
digested by pancreatic enzymes(1). The
present study was made to determine what
portions of fecal enzymatic activity are of
pancreatic origin by measuring the enzymatic
activity in feces of normal dogs and of dogs
in which pancreatic juice no longer entered
the intestine.

Methods. Dogs. The studies were made
on normal dogs and dogs in which a total
separation of the pancreas from the duode-
num, with interposition of omentum between
the 2 organs, had been performed 6 to 8 weeks
earlier. Both groups of animals were fed a
commercial canned dog food ad libitum.

Feces. Feces were collected within 1 hour
after passage. A portion of the sample was
weighed, 0.9% sodium chloride solution was
added to give a concentration of 0.1 g wet
weight of feces per ml of final mixture, and
homogenization was performed for 1 minute
in a high speed blade-type homogenizer (Ser-
vall Omnimixer). The homogenate was
stored in an ice bath until enzyme determina-
tions were performed (within 3 hours of time
of collection of the feces).

* Aided in part by grant from National Science
Foundation.

Enzyme determinations. Enzyme deter-
minations were made titrimetrically using a
recording pH-stat (Radiometer). p-Toluene
sulfonyl-L-arginine methyl ester was the sub-
strate for trypsin, acetyl L-tyrosine ethyl
ester for chymotrypsin, and vegetable oil
emulsion for lipase. A complete description of
the methods has been published(1). Enzy-
matic activity was expressed as micromoles
of substrate split per minute per gram wet
weight of feces. When required to bring the
activity within the range of the methods fe-
cal homogenates were diluted with 0.9% so-
dium chloride solution.

Results. Single samples of feces from 22
normal dogs were tested. All samples had
readily measurable activity on all 3 sub-
strates, but there was a wide range (Table I).
Three dogs with pancreatic separation were
studied and 10 samples of feces from each of
these dogs were analyzed. Compared with
the feces from normal dogs, the feces of the
dogs with pancreatic separation had much
lower enzymatic activities (Table I). Ex-
pressed as % of mean values for normal dogs
the mean values for dogs with pancreatic sepa-
ration were: lipase 17%, chymotrypsin 2%,
and trypsin 4%. For lipase there was a slight
overlap between the range of values for nor-





