EssENTIAL FATTY AciD AND THyYROID GLAND

glandular mucosa of calcium-infused rats.
Hypercalcemia appeared to alter the function
of both parietal and chief cells of rat stomach
under the conditions of this experiment.

Mr. G. Chmura, Mrs. E. Dimitrov and Mrs. M.
Huggins are thanked for their technical assistance.

1. Levinter, P. and Spiro, H. M., Metab. Clin.
Exptl. 9, 847 (1960).

2. Ward, J. T., Adesola, A. O, and Welbourn,
R. B, Gut 5, 173 (1964).

3. Mignon, M, Limbosch, J. M., Willie, J. H,
Rheault, M. J., and Nyhus, L. M., Scand. J. Gas-
troenterol. 1, 134 (1966).

4. Komarov, S. A, Bralov, S. P, and Boyd, E,
Proc. Soc. Exptl. Biol. Med. 112, 451 (1963).

5. Rollman, J. L., J. Lab. Clin. Med. 33, 1348
(1948).

1137

6. Kowalewski, K., Arch. Intern. Physiol. Biochim.
75, 450 (1967).

7. Kowalewski, K., Am. J. Digest. Diseases 12,
988 (1967).

8. Aitken, M. A, Spray, G. H,, and Walters, G,
Clin. Sci. 13, 119 (1954).

9. Kingsley, G. R. and Robnett, B. A, Am. J.
Clin. Pathol. 27, 223 (1957).

10. Mirsky, A. 1., Futterman, P., and Kaplan, S,,
J. Lab. Clin, Med. 40, 188 (1952).

11. Kowalewski, K., Can. J. Biochem. Physiol. 35,
729 (1951).

12. Wilcoxon, F., Biometrics 1, 80 (1941).

13. Hirschowitz, B. I., Streeten, D. H. P., and
Pollard, M. H., Endocrinology 59, 419 (1956).

Received July 14, 1967. PS.E.BM., 1968, Vol. 127.

Essential Fatty Acids, Plasma Protein Bound Iodine, and the
Thyroid Gland* (32891)

Davip GamBarL anp F. W, QuackenBusH (Introduced by E. L. Rongone)
Department of Biochemistry, Creighton University, Omaha, Nebraska, 68131, and
Department of Biockemistry, Purdue University, Lafayette, Indiana 47907

One of the earliest signs of an essential
fatty acid (EFA) deficiency in the rat is an
increased basal metabolic rate (1,2). Although
the weight of the thyroid gland in rats is sig-
nificantly decreased by an EFA-deficiency
(3,4,5), histological studies suggest the ac-
tivity of the thyroid gland is not grossly ab-
normal and could not account for the large in-
crease in oxygen consumption. The purpose of
this investigation was to determine the effects
upon the plasma protein bound iodine (PBI)
and size of the thyroid gland when the es-
sential fatty acids were restored in the diet of
rats which had been fed an EFA-free diet.

Materials and Methods. The basal semi-
purified diet containing 3% of hydrogenated
coconut oil (6) was fed ad lLibitum to 36 fe-
male weanling rats (40-50 gm) of the Wistar
strain for 12 weeks. In addition, a positive
control group was fed the basal diet con-
taining soybean oil in place of hydrogenated
coconut oil. The 36 rats were placed in in-
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dividual cages and divided into four groups
which received the following diets ad libitum
for 3 weeks: basal; positive control diet;
stock colony diet; and basal plus 0.1%
thiouracil (Table I). After this period, the
rats were weighed and anesthetized. Blood
samples were then obtained by heart puncture
and the thyroid glands were removed, blotted,
and weighed on a torsion balance. Plasma PBI
was determined by the procedure described by
Highley et al. (7).

Results. The body weight and the weight of
the thyroid gland of EFA-deficient female rats
were less than those of positive controls, and
the plasma PBI concentration was higher
(Table I). Body weights and plasma PBI
concentrations were reestablished: at the levels
of the positive control group by refeeding
soybean oil or the colony stock diet for 3
weeks. The weight of the thyroid gland was
increased by feeding the colony diet or soy-
bean oil, however, only the colony diet re-
turned the weight of the gland to normal with-
in 3 weeks.

Feeding thiouracil for 3 weeks did not af-
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TABLE I. Thyroid Responses of EFA-Deficient

AND THYROID GLAND

Female Rats to Dietary Unsaturated Fat and

Thiouracil. (5-9 rats/group; mean values + SE)

Dietary treatment Relative Weight of thyroid

mean Plasma PBI

First 15 weeks Subsequent 3 weeks  body wt. (mg) (mg/100 gm) (ug/100 ml)
Basal 4 soybean oil Basal 4+ soybean oil 100 13.36 = 1.07  6.93 = 0.55 4.41 + 0.24
Basal Basal 76 7.80 & 0.59°  4.64 %= 0.09° 7.90 x 1.45°
Basal Basal + soybean oil 96 10.66 + 0.38% 5.06 &+ 0.24  4.17 + 0.38°
Basal Colony diet 100 11.60 += 0.69  5.23 + 0.28  4.51 + 0.21%
Basal Basal + thiouracil 76 22.58 + 1.86% 13.03 + 0.89¢ 2.39 + 0.51°

¢ The t value is significant at 1% between basal and control or basal treatments.
¥ The ¢ value is signifieant at 5% between control or basal and treatments.

fect the body weight, but did increase the
absolute weight of the thyroid gland, and did
decrease the plasma PBI concentration
(Table I).

Discussion. An EFA-free diet caused a de-
crease in the weight of the thyroid gland and
an increase in the PBI concentration. Morris
et al. (5) reported that the thyrotropic hor-
mone (TSH) activity in the pituitary gland
was not affected on a fat-free diet, and his-
tologically the activity of the thyroid gland is
not grossly abnormal (3), therefore TSH is
probably not increased during an EFA-free
diet. Similarly, since thiouracil decreased the
PBI concentration and increased the weight
of the thyroid gland, the synthesis or secretion
of TSH is probably not affected by an EFA-
deficiency. The increase in the PBI concen-
tration could explain the increased metabolic
rate observed previously in rats fed an EFA-
free diet Kennely and Maynard (8) reported
that fat-free diets containing thyroid powder
increased oxygen consumption, and this was
alleviated by adding 30% cottonseed oil. Qur
studies have shown that elevated PBI concen-
tration caused by an EFA-free diet could be
returned to normal by feeding the essential
fatty acids. The EFA deficiency did not affect
the incorporation of 1 into protein by the
thyroid gland although the conversion ratio
of 3PBI in thyroid/total sera %I was
greater in rats fed fat-free diets (5). This sug-
gests that fat-deficient rats may have a greater
capacity to accumulate '*'I and convert it to
thyroxine. An EFA-free diet increases the PBI
concentration in an unknown manner, pre-
sumably due to hypersecretion of the thyroid

gland, and this may account for the increased
metabolic rate observed during an EFA de-
ficiency.

Summary. Plasma protein bound iodine
(PBI) of female rats fed an essential fatty
acid (EFA) deficient diet for 15 weeks was
higher than that of controls receiving dietary
EFA, even though weight of the thyroid gland
was less in deficient rats. After refeeding EFA
to the deficient rats either as soybean oil or
the colony stock diet for 3 weeks, the PBI
concentration was decreased to the control
values and the weights of the thyroid gland in-
creased. Thiouracil added to the EFA-deficient
diet lowered the PBI concentration in plasma
and increased the weight of the thyroid gland.
These data suggest that the increase in plasma
PBI in EFA-deficiency is not dependent on
TSH but the control mechanism that regulates
the secretion of thyroidal iodine is dependent
on essential fatty acids
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