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That the thyroid gland might be involved in the metabolism of carotene
was first suggested by von Noorden in 1907 when he observed a carotinemia to be associated with metabolic disturbances (1). Wendt (2)
noted that patients with Graves’ disease had very low serum vitamin A
levels, even though their intake of carotene was adequate for normal individuals. Wohl and Feldman (3) observed that hypothyroid patients
often showed a poor dark adaptation, and concluded that the thyroid was
in some way concerned with carotene metabolism. Escamilla (4) and
Mandelbaum et al. (5) observed a carotinemia associated with myxedema,
and both conditions tended to clear up under treatment with thyroid
substance.
Laboratory studies have likewise pointed toward the conclusion that a
functioning thyroid gland is necessary for the animal to convert carotene
into vitamin A. Kunde (6) observed xerophthalmia in thyroidectomixed
rabbits that had been fed an adequate diet containing enough carotene to
satisfy the vitamin A requirement of a normal rabbit. Fasold and Heidemann (7) showed that the vitamin A content decreased and the carotene
content increased in milk from thyroidectomized goats. Recently Drill
and Truant reported that carotene failed to prevent xerophthalmia in
thyroidectomized rats, although preformed vitamin A furnished protection
against these lesions (8). Experiments by Abelin (9), however, suggest
that thyroxine may affect the metabolism of both carotene and vitamin A.
Guinea pigs rendered hyperthyroid by the administration of thyroxine did
not metabolize carotene or store vitamin A as well as did normal animals.
In the present study rats were depleted of vitamin A and at the same
time brought into either the hypo- or hyperthyroid state. Standard
amounts of carotene or vitamin A were then fed, and the storage of vitamin
A in the livers and kidneys determined chemically.
* Published with the approval of the Director of the Wisconsin Agricultural
Experiment Station.
Supported in part by the Research Committee of the Graduate
School from funds supplied by the Wisconsin Alumni Research Foundation and the
Jonathan Bowman Fund for Cancer Research. We are indebted to Dr. H. P. Rusch
and Dr. R. W. Boutwell of the McArdle Memorial Laboratory for the use of their
metabolism apparatus.
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Procedure
Groups of weanling Sprague-Dawley
rats were fed variations
of the
following diet low in vitamin A: casein 18, yeast 8, dextrin 65, salt 4 (lo),
cottonseed oil 5. The control group received only this low vitamin A diet.
The other groups received additional supplements
of thiourea, thiouracil,
or desiccated thyroid.
A hypothyroid
condition was produced either by
feeding thiourea mixed in the diet at a level of 0.5 per cent or by adding
2-thiouracil to the drinking water at a concentration
of 0.1 per cent (11).
A hyperthyroid
state was produced by feeding 1 mg. of desiccated thyroid
tissue per gm. of body weight per day (12). The dried tissue was suspended in water and fed by dropper.
This supplement was prepared
fresh every 3rd day and stored in a refrigerator.
Attempts were also made
to neutralize the effects of the thiourea and the thiouracil by the subcutaneous injection of 5 mg. of r&-thyroxine
in dilute NaHC03
daily.
This amount permits approximately
normal metabolic activity in young
thyroidectomized
rats (13, 14). The solution injected had a pH of 8.5
and contained 20 mg. of thyroxine per ml.
During the first weeks of the experiment, measurements
of the oxygen
consumption
were made in a modification of the apparatus described by
Schwabe and Griffith (15). Unfortunately
the apparatus available was
designed for mice and could no longer be used after the rats exceeded 70
gm. in weight.
However,
the dosages of supplements
employed were
sufficient to maintain states of hypo- or hyperthyroidism
for many weeks,
according to the data of others (16, 17). The present experiments lasted
for about 6 weeks, 4 for the development of avitaminosis
A and 2 more
during which carotene or vitamin A was administered.
The supplements
of the thio compounds or of thyroid or thyroxine were continued throughout the depletion period and the period of vitamin supplementation.
When the rats ceased to grow and showed incipient ophthalmia, two to
four animals from each group were killed for the analysis of vitamin A in
the livers and kidneys.
In no case was any of the vitamin detected.
Half of each group was then given p-carotene, while the other half received
vitamin A. The p-carotene was purified chromatographically
and was
dissolved in cottonseed (Wesson) oil at concentrations
that furnished the
desired daily dose in 3 drops of oil, which also contained 0.5 mg. of added
a-tocopherol.
The vitamin A supplement consisted of the unsaponifiable
fraction of halibut liver oil dissolved in cottonseed oil so that 3 drops
contained the desired daily dose of vitamin A plus 0.5 mg. of added Qtocopherol.
In a preliminary
series the dosages were 20 I.U. of vitamin A or 60 y
of p-carotene per rat daily.
These amounts of vit,amin and provitamin
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resulted in total average stores of 21 y of vitamin A in the liver and
kidneys of the control rats receiving the halibut oil concentrate and of 67
y in those receiving the p-carotene.
In subsequent
series the dosages
were changed so that the control groups fed the provitamin or the vitamin
would develop approximately
equivalent stores of vitamin A in the liver
and kidneys.
The doses fed were 40 y of p-carotene or 40 I.U. of vitamin
A per rat daily.
The supplements were fed daily for 15 days and the
animals were decapitated 24 hours after the last supplement was given.
Livers and kidneys were removed and the organs analyzed calorimetrically
for vitamin A, as outlined previously
(18, 19).
Results
The administration
of thyroid substance increased oxygen consumption
about 77 per cent above that observed in the control animals (Table I),
TABLE
O2 Consumption

of Rats

in

Diet
Low

vitamin
“
‘<

A
“
body

figure

represents

States

-

+ 1 mg. desiccated
thyroid
per gm.
weight
per day
Low vitamin
A with 0.5 ‘% thiourea
“
“
“
‘<
0.5 ‘I
I(
$57
nn-thyroxine
per day
Low
vitamin
A with
0.1 y. thiouracil
in
drinking
water
As above
+ 5 y Dr.-thyroxine
per day
* Each
animal.

I

Various

three

to

five

of I’hyroid

Activity

02 consumption, liters per 24 hrs.
per kilo body weight

-

50.2
90.4

51.1
71.3

43.2*
94.8

48.2
85.5

33.5
58.1

32.5
59.1

41.5

35.8
58.6

35.4

38.8

38.2

37.5

51.8

58.1

57.8

55.9

measurements

taken

on

an

individual

whereas the feeding of thiourea or thiouracil resulted in average decreases
in oxygen consumption
of 26 and 22 per cent respectively.
When thyroxine was administered
along with the thio compounds, this decrease
was counteracted
and the consumption
of oxygen was 16 to 21 per cent
above that of control rats not receiving either type of agent.
The conditions producing these changes in basal rate also resulted in
markedly different growth rates of the rats during both the depletion and
supplementation
periods (Table II).
Rats receiving thiourea gained an
average of only 30 gm. during the depletion period.
Those receiving
thiouracil grew approximately
as well as the control animals on the low
vitamin A diet, the gains being 43 and 44 gm. respectively.
The differences in growth observed in the presence of thiouracil and thiourea are
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probably due to the fact that a more nearly toxic dose of thiourea was
used (12). The animals receiving thyroid grew at only a slightly slower
rate than the controls, whereas the addition of thyroxine
to the diet of
rats fed thiourea increased growth somewhat, although the inhibition due
to the thiourea was not completely overcome (Table II).
II

TABLE

Storage

of Vitamin

A in Tissues
Fed Carotene

of Hypo-

or Vitamin

A veragt

Daily

Diet

1 tf iepleon per
5.8 iod
vmight
j* gain
:- .-

supplement

gm.

Low vitamin

A

Low vitamin A + 1
desiccated
mg.
thyroid
per gm.
body weight per
day
Low vitamin A with
0.5 y. thiourea
Low vitamin A with
0.5% thiourea
+
5 y DL-thyroxine
per day
Low vitamin A with
0.1% thiouracil in
drinking water
As above -I- 5 y DLthyroxine per day

Rats

or Hyperthyroid
A
verage
Fez;,eriod
eight

gain
~-km.

Mean
liver vitamin

yean
kdney

A “ltimn

Y

Y

A
“

3
7
3
7
3
7
3
7

81
44.3
90
49.4
29
33.3
43
41.3

22
61.0 6.3
38.8 46.4 5.9
32
13.0 8.5
48
33.5 5.9
22
110.5 3.3
37
89.4 3.1
-8
7.1 2.2
34
39.7 3.5

y p-carotene
‘I
‘I
I.U. vitamin
A
(‘
(‘
“
y j3-carotene
I.U.
vitamin A

3
4
3
4
4
4

27
26.2
30
26.5
33.7
26.2

-8
14
0
9.2
37.5
44.2

40 y B-carotene
40 I.U. vitamin A

7
8

42.8
42.9

12
14

60
40
20
40
60
40
20
40

y &carotene*
“
‘I
I.U.
vitamin
“
“
y @-carotene
(‘
“
I.U. vitamin
“
“

60
40
20
40
40
40

40 y b-carotene
40 I.U. vitamin

A*
“

21.3
3.6
35.4
52.2
39.9
43.1

1.0
0.93
1.0
0.87
1.9
1.7

6.3 1.6
58.3 1.8

rota1
itamin
A

Y

67.3
52.3
21.5
39.4
113.8
92.5
9.3
43.2
22.3
4.5
36.4
53.1
41.8
44.8
7.9
60.1

6 46.5
31.5 50.1 2.3
52.4
7 43.4
29
53
2.0
55.0
- * Animals fed supplements of either 60 y of b-carotene or 20 I.U. of vitamin A per
day were obtained from the stock colony and served as preliminary
experiment.
See text.
A

The growth rates of the animals were even more sensitive to excess
thyroid or to the thio compounds during the period of supplementation
with carotene or vitamin A than during the period of depletion. The
groups fed thiourea or thiouracil gained an average of only 12 and 13 gm.
respectively in 15 days, as compared with 47 gm. for the control group.
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The failure to gain weight as a result of feeding thiourea was completely
counteracted
by thyroxine.
With thiouracil,
however,
thyroxine
only
partly overcame the poor growth response.
The animals receiving thyThere was no marked differroid gained an average of 35 gm. in 15 days.
ence in the growth rate of the hypothyroid
rats fed p-carotene and those
fed vitamin A. The animals apparently metabolized enough of the carotene
to meet the demands of such growth as was permitted by the state of
decreased thyroid function.
There were no eye lesions observed in any of
the rats receiving either thiourea or thiouracil.
Canadell and Valdecasas,
however, have reported the development
of xerophthalmia
in rats fed
carotene and rendered hypothyroid
by the feeding of 2-methylthiouracil
Gw When either 40 I.U. of vitamin A or 40 y of p-carotene were fed daily to
the control animals, roughly similar amounts of vitamin A accumulated in
the liver and kidneys (total stores of 52.3 and 39.4 y respectively,
Table
II).
The hyperthyroid
rats fed vitamin A stored a similar amount,
43.2 y, but when such rats were given p-carotene, the storage of vitamin
A was significantly
greater than that in the control rats.
Individual
animals stored up to 130 y of vitamin A, and the average storage in the
hyperthyroid
rats fed carotene was 92.5 y.
The opposite effect was seen when the thyroid function was depressed
by the administration
of the thiourea and thiouracil.
Such rats contained
very little vitamin A as a result of feeding p-carotene, 4.5 and 7.9 y for
thiourea and thiouracil respectively,
as compared to 52.3 y in the control
rats.
That the livers and kidneys of such rats were still capable of storing
available vitamin A was demonstrated by the comparatively
high amounts
of the vitamin found when the preformed vitamin had been fed along with
the thio compounds, 53.1 and 60.1 y for thiourea and thiouracil respectively.
Thus it appeared that the chief effect of an altered thyroid metabolism was upon the amount of vitamin A formed from carotene rather
than upon the efficiency with which vitamin A was retained in the body.
Inasmuch
as the hypothyroidism
in the preceding experiments
had
been induced by drugs, it appeared desirable to determine whether the
effects on vitamin A storage were a result primarily of the impairment of
thyroid function or were due to some other pharmacological
action of
these compounds.
Accordingly,
sufficient thyroxine was administered to
some of the animals receiving thiourea or thiouracil to approximate
as
nearly as possible a state of normal thyroid activity.
When the hypothyroid condition was thus overcome, the animals fed &carotene stored
approximately
the same amount of vitamin A as the control groups,
41.8 and 52.4 y, as compared with 39.4 y (Table I). The decreased conversion of carotene to vitamin A noted previously in rats fed thiourea and
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thiouracil was therefore attributed
to depressed thyroid function per se
rather than to some extraneous
effect of the compounds.
They did,
however, exert a specific effect that was not corrected with thyroxine.
The amounts of vitamin A found in the kidneys were always very low in
rats fed either of the thio compounds
(Table II).
This effect, was seen
whether p-carotene or vitamin A was fed, and it was not altered by the
administration
of thyroxine.
The question arose whether the observed effect of thyroid upon carotene
metabolism was due to an increased basal metabolic rate or whether a
more specific effect of thyroid
was involved.
2,4-Dinitrophenol
given
orally or parenterally
has been shown by several workers to produce an
increased basal metabolic rate in experimental
animals (21-23), although
in many other respects its effects differ from those of the thyroid gland
TABLE

III

Conversion of Carotene into Vitamin A by Rats Injected
with Dinitrophenol
(DNP)
Low vitamin

40 y

No

A diet plus

of ratS

Mean

body stores of vitamin
in liver and kidney

A

-I

&carotene

per day

vitamin A per day
40 y s-carotene + 15 mg.
weight per day
40 I.U. vitamin A + 15 mg.
weight per day

kilo

body

4
5
4

kilo

body

4

40 I.U.

DNP
DNP

per
per

43.1
54.1
40

(29.9-48.2)*
(45.4-64.1)
(28.0-45.3)

45.4

(40.2-59.8)

* The figures in parenthesesare the rangesof values within the group.
(24). It thus offers a means of studying carotene metabolism under the
influence of an increased metabolism, but without all of the general alterations that accompany an increase in the thyroid principle.
Accordingly, an experiment similar to those previously described was
conducted with weanling rats from our stock colony. One group served
as controls, the other group received a single daily subcutaneous injection
of 6 mg. of 2,4-dinitrophenol per kilo of body weight during the depletion
period. The dosage was increased to 15 mg. of the drug per kilo of body
weight per day during the 15 days of vitamin supplementation. This
dosage is in excess of the amount shown to bring about a continued basal
metabolic rate of f30 to f50 per cent (25). The dinitrophenol was
dissolved in water with the aid of half its weight of NaHC03, prepared in
a concentration such that the desired daily dose was administered in 0.2
to 0.3 ml. of solution. When measurements were made 24 hours after the
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last injection on rats that had previously received daily injections of the
drug for 10 to 16 days, the oxygen consumption was 32 per cent above the
control values. The dinitrophenol had no apparent effect on the ability
of the animal to store vitamin A (Table III).
More interesting, however,
was the observation that the increased metabolic rate resulting from
dinitrophenol injections was not accompanied by an altered carotene metabolism, as shown by the fact that the vitamin A stores in these animals
were equal to those of control animals fed similar amounts of carotene
(Table III).
These results are in line with those of Greaves and Schmidt
(26) who reported that the administration of thyroxine to experimental
animals hastened the depletion of vitamin A reserves, but that dinitrophenol had no such effect.
DISCUSSION

Numerous authors have suggested that the thyroid gland is involved in
vitamin A metabolism, and the general impression seemsto be that the
administration of thyroxine increasesthe need for the vitamin (10, 26, 27).
Not all of the evidence, however, is in harmony with this conclusion (28),
and the present experiments likewise suggest that the effect of thyroxine
on preformed vitamin A is relatively minor. Rats fed halibut liver oil
and enough thyroid tissue to increase the basal metabolic rate by 77 per
cent contained at least as much vitamin A as control rats, 42.2 and 39.4
y respectively. In the presence of the thiourea and thiouracil, on the
other hand, vitamin A retention was increased somewhat, total storages
of 53.1 and 60.1 y versus 39.4 y in the controls. At least part of this increased retention, however, appears to be due to the fact that the rats fed
the thio compounds were smaller than the controls and hence the standard
doses of halibut oil fed were concentrated in a smaller amount of tissue.
Unpublished data suggest that for the retention of vitamin A the size of
the rat is at least as important as the basal rate.
On the other hand, the administration of desiccated thyroid tissue
greatly increased the amounts of vitamin A stored in the body when
carotene was fed. This increase in storage, in spite of a possibly increased
requirement for the vitamin, leads to the conclusion that more vitamin A
is formed from carotene in the presence of thyroid than in its absence.
This might be brought about by a bett’er absorption of carotene in the
hyperthyroid rat or by an effect on the enzyme responsible for the conversion of carotene to vitamin A. In any event, the unequal amounts of
vitamin formed from the same amount of carotene weaken the justification
for using a provitamin as the international standard for vitamin A activity. In the hypothyroid rat very little vitamin A is produced from 0.6 y
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of Pcarotene;
in the hyperthyroid
rat the amount may be twice t.hat
produced by the normal rat.
The present results seem to parallel the older, observations
that the
livers of human beings suffering from hyperthyroidism
often show an
increased content of vitamin A. Moore reported that in four cases of
exophthalmic
goiter the liver contained 180, 300, 375, and 375 I.U. of
vitamin A per gm., as compared to a median reserve of 220 I.U. per gm.
for a large group of cases of accidental death (29). In a survey by Wolff
(30) the means were 210 for exophthalmic
goiter and 147 for accidental
death.
This increase in the storage of vitamin A in the hyperthyroid
cases might be expected if the patients were deriving an appreciable part
of their vitamin A from carotene.
SUMMARY

1. Weanling rats were depleted of vitamin A and at the same time were
rendered either hyperthyroid
by feeding desiccated thyroid tissue, or
hypothyroid
by feeding thiourea or thiouracil.
They were then given
either 40 y of p-carotene or 40 I.U. of vitamin A daily for 15 days, and
the resulting stores of vitamin A in the liver and kidneys were determined
calorimetrically.
2. Within the dosage limits employed, the ability to store preformed
vitamin A was approximately
the same in the hypo- or the hyperthyroid
rats as in normal rats.
3. When carotene was fed, the hyperthyroid
animals accumulated
larger stores of vitamin A than normal rats receiving equivalent amounts
of carotene.
Rats receiving thiourea or thiouracil,
on the other hand,
stored very little vitamin A. The administration
of thyroxine
neutralized the effects of both thiourea and thiouracil, and restored the ability
of the animals to convert carotene to vitamin A.
4. An increase in metabolic activity as a result of administering
2,4dinitrophenol
was not accompanied by an increased rate of conversion of
carotene into vitamin A. It is therefore suggested that the altered carotene metabolism associated with thyroid dysfunction is not due to changes
in the basal metabolic rate per se, but is brought about by some other
physiological action of the thyroid gland.
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