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TABLE I. Results of Wounds in Groups 1, 2 and 3. 

b-ormal 14 
Cortisone inhibited 35 
Reversal of cortisone inhibition 32 

3 
3 

Total 8T 

Failure of complete cortisone inhibition 
Failure of complete reversal of cortisone 

inhibition 

induce wound healing ( 12 ) . . Cortisone would 
then appear to function as an inhibitor of 
wound healing by virtue of its ability to 
modify inflammation ( 1,2). 

1. Local applications of tissue 
culture extracts will completely reverse cortis- 
one inhibition of wound healing. 2.  The 
granulation tissues of these wounds are histo- 
chemically similar. 
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Adrenocortical Function in Hypo- and Hyperthyroidism." (21195) 

FRANCES CARTER. (Introduced by Herbert Ill. Evans.) 
From the Institute of Experimental Biology, University of California, Berkeley. 

Adrenal cortical hypertrophy following thv- 
roid administration has been demonstrated 
many times since the work of Hoskins on the 
guinea pig( 1 ) .  Its dependence on the pres- 
ence of the pituitary was shown by Smith, 
Greenwood and Foster(2) in the course of 
metabolic studies with small doses of thyroxine 
in rats. Conversely, the cortical atrophy fol- 
lowing thyroidectomy has frequently been 
noted (e.g. Evans, Simpson, and Pencharz 
( 3 )  ) . The morphological picture of cortical 
atrophy resulting from thyroidectomy. and 
hypertrophy from treatment with thyroid hor- 
mone in the rat, has recently been illustrated 
by histological and cytochemical methods by 
Deane ana Greep(4) and by Feldman(5). 
The question of the functional response of the 
adrenal cortex in hypothyroidism has been 
raised by Hill et  a L ( 6 )  on the basis of ini- 
paired eosinopenic response to the ACTH test 
(Thorn et aE. ( 7 )  ) in certain hypothyroid pa- 
tients and its improvement following thyroid 

* Based on data submitted in partial satisfaction of 
requirements for the degree of Ph.D. Supported in 
part by USPH grant RG-409. 

hormone therapy in some of these patients. 
The ACTH test was adapted to use in experi- 
mental animals (dogs and rats) by Recant 
ct aZ.(8). It offered a promising approach to 
the study of adrenocortical function in thyroid 
deficient and hyperthyroid rats. The work of 
Gabrilove and Soffer(9) on the ascorbic acid 
depletion response of propylthiouracil treated 
rats suggested another approach. 

The plan followed in the present work was 
to study: A) the eosinopenic response to vari- 
ous stimuli such as ACTH or epinephrine, and 
B)  the ascorbic acid depletion response to 
ACTH, in hypothyroid rats before and after 
thyroxine therapy, as compared with normal 
rats, and with normals rendered hyperthyroid 
by thyroxine administration. 

Male rats of the Long-Evans 
strain were surgically thyroidectomized at 2 1 
days of age. After a prolonged interval, those 
which had shown a marked retardation in 
growth, and various external signs of thyroid 
deficiency (such as thinning of hair and ac- 
cumulation of subcutaneous fat) were further 
screened for completeness of thyroidectomy 

Procedure. 
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by determination of metabolic rate. (This 
was done by means of a simple apparatus for 
measuring oxygen consumption in terms of the 
volume of water replacing it dropwise in a 
closed system. Basal conditions were approxi- 
mated as closely as possible by training the 
animals in the apparatus, and by the use of a 
20 to 24-hour fasting period before the deter- 
mination.) Control standards for metabolic 
rate were developed on groups of intact males 
of the same age. These had an average fast- 
ing body weight of 450 g and a metabolic rate 
of 41.4 t 1.57 Cal/m2/hr. The thyroid- 
ectomized rats selected for use in the experi- 
ments to follow averaged 196 g in body weight 
and had metabolic rates averaging 27.5 +- 0.69 
Cal/m2/hr or 36% below normal. The aver- 
age rate was raised approximately to the nor- 
mal value (41.1 t 1.34 Cal/m2/hr) in 14 
days, by a daily dose of 0.005 mg thyroxine 
(Squibb) . A group of normal rats was given a 
daily dose of 0.100 mg thyroxine for 10 days, 
resulting in an average metabolic rate of 
51.3 t 1.58 Cal/m2/hr, or 19% above con- 
trol values, with definite signs of hyperthy- 
roidism. Eosinophils were counted directly by 
the method of Dunger( lo),  as modified by 
Recant et a l . (8 ) .  Materials used to evoke 
the eosinopenic response were ACTH and 
epinephrine. The ACTH preparation used 
(Amour, Lot 71-2 (5'0) c) was potent in the 
adrenal weight maintenance test at  a daily 
dose of 1.0 mg for 15 days, in hypophysecto- 
mized 40-day-old male rats. The minimum 
dose for adrenal ascorbic acid depletion was 
0.5 pg intravenously. The epinephrine used 
was Adrenaline chloride (Parke, Davis and 
Co.) 1 : 1000 in aqueous solution; a fresh am- 
poule was opened for each experiment. The 
adrenal ascorbic acid depletion tests were car- 
ried out after the method of Sayers et al. ( 11). 
The hypothyroid rats used were some of those 
previously used in eosinophil tests, at  which 
time they had received thyroxine therapy. A 
sufficient interval had elapsed before the 
ascorbic acid test, so that all the effects of 
therapy had been lost, and the rats had re- 
gressed to the hypothyroid state. As a termin- 
al check on completeness of thyroidectomy, 
the radioactive iodine uptake of the neck 
tissues was measured in a scintillation counter. 

Most of the thyroidectomized rats had iodine 
uptakes less than 1% of the normal uptake. 
Six of the 19 reported had uptakes 5 to 9% 
of normal, but responded in no way differently 
from the remainder of the group, justifying 
their inclusion as thyroid deficient. 

Results. A. The Eosinophil test. Before 
the effects of ACTH or of epinephrine could be 
measured, it was found necessary to minimize 
the effect of handling and withdrawal of blood 
from the tail tip (an effect amounting to a 
30 to 50% decrease in circulating eosinophils) . 
This was accomplished by use of a mild seda- 
tion with nernbutal (Abbot, veterinary) given 
initially at  a dose of 3 mg/100 g body weight, 
intraperitoneally, 2 hours before the taking 
of the first blood sample. Stabilization was 
dependent upon the renewal of sedation by 
small supplementary doses at  hourly or half- 
hourly intervals, as required (after the method 
of Recant et aZ.(8), as described by P. H. 
Forsham in a personal communication). 
Otherwise, the administration of a single dose 
of nembutal lowered the eosinophil count, as 
reported by a number of workers (Sawyer and 
Parkerson ( 12 ) ; Dumm and Ralli ( 13 ) ) . The 
eosinophil count was stabilized in this way, 
so that not more than 5 to 15% of the de- 
crease was attributable to the sampling tech- 
nic, in all rats being tested with ACTH or 
epinephrine. 

The results of intraperitoneal injection of 
3 mg of ACTH are shown in Fig. 1.  The 

0 

Norrnol Thyroidectomized 
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FIG. 1. Effect of ACTH on cire.ulating eosinophils 
of normal and thyroidectomized male rats, with 
and without thyroxine treatment. (Nembubal seda- 

tion.) 
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FIG. 2. Effect of cpinephriiie 011 circulatiiig eosin- 
ophils of noriiial niid tli!.roirlectoiiiizecl iiiale rats, 
x-itli aiid witlioiit tliyrosiiic trratiiieiit. (Semlmtal 

seclntioii. 

eosinophil counts of the normal rats showed 
an average fall of 58% (28 .02)  in 4 hours, 
and a comparable fall. 62% ( t8.9) was ob- 
tained in a normal group receiving thyroxine. 
The thyroidectomized rats responded with a 
decrease of 73% ( t 4 . 1 8 )  before thyroxine 
therapy and 72% ( t 3 . 4 8 )  afterwards. There 
was, then, no impairment of the ability of the 
adrenal cortex of the thyroidectomized rats to 
respond to exogenous ACTH. as measured by 
this test. 

When 0.1 mg epinephrine was used as the 
stimulus, normal rats responded with a de- 
crease of 73% ( t 6 . 2 2 )  in eosinophil count 
(Fig. 2 ) .  This response was unaffected by 
thyroxine treatment (82% t 3 . 1 8 ) .  The 
thyroidectomized rats showed some impair- 
ment in this response, the average decrease 
being 56% ( k8 .58 ) .  Thyroxine therapy had 
a definitely beneficial effect on the response to 
epinephrine, resulting in an average decrease 
of 8Sy0 ( t 3 . 3 4 ) .  This improvement was 
even more clearly seen when the responses of 
individual rats, before and after thyroxine 
treatment, were compared as in Fig. 3. The 
difference between the responses of thyroid- 
ectomized and normal rats to epinephrine 
was not statistically significant, due to the 
great individual variation. However, the dif- 
ference between the thyroxine-treated and un- 
treated thyroidectomized rats was highly sig- 
nificant, and the response of the thyroxine- 
treated group was equivalent to normal. 

For the B. Ascorbic acid depletion test. 

adrenal ascorbic acid depletion test, a dose of 
5 pg of the adrenocorticotrophic preparation 
was chosen, as this was in the significant 
region of the standardization curve. The assay 
was carried out in the routine manner, 24 
hours after hypophysectomy in 7 "standard" 
animals (40 days old), in 11 of the thyroid- 
ectomized rats and 6 normal controls of the 
same age, and in 3 hyperthyroid rats. 

Table I shows that the decrease in ascorbic 
acid in the thyroidectomized rats was greater 
and more uniform than in the normal rats of 
the same age ( 132 5.41 mg/100 g adrenal 
as compared to 83 t 14.1 mg). Values for 
the 3 hyperthyroid rats which survived the 
procedure fell within the normal range. It 
may also be seen in Table I that the response 
of the thyroidectomized rats was greater, and 
that of their normal age controls slightly less, 
than that of the younger "standard animal". 

So far as the eosinophil test 
was concerned, the thyroidectomized rats 
showed no impairment of adrenocortical re- 
sponse to exogenous ACTH. Impairment of 
the response to epinephrine would seem to 
place the site of weakness in the pituitary- 
adrenocortical system at the pituitary rather 
than the adrenal level. Evidence for lessened 
pituitary content of ACTH in thyroidectom- 
ized rats has been presented by Halmi and 
Bogdanove ( 14). Specificity of the eosino- 
penic response to epinephrine as an indicator 
of adrenocortical function has been questioned 
(1 5) ,  and thus the significance of the impaired 

Discussion. 
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FIG.  3. Iiidiviclual responses of circulating eosino- 
phils of thyroidectomized male rats to epinephrine, 
before and after thyroxine treatment,. (Nembutal 

sedation.) 
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TABLE I. Effect of Thyroid Status on Adrenal Ascorbic Acid Depletion Response to a Standard Dose 
of ACTH (5 pg per 100 g EW, Injected IV).  

Adrenal ascorbic acid, 
No. of EMR, Body wt, Adrenal wt, mg mg/100 g adrenal 

Left  Right Left  Right Depletion 
_ _ _ _ _ _ _ _ _ _ _ ~  

Type of rat" rats Cal/m2/hr g 
- ___ -___ ____ 
Thyroidec to- 11 26.6 279 13.5 13.5 276 146 132 -+- 5.41 

Normal controls t G 37.7 439 22.3 20.3 298 215 8 3 2  14.1 
Normal + thp- 3 53.7 454 23.4 20.9 309 224 86 3- 15.2 

Normal 40-day 7 - 119 10.6 10.3 448 348 100&13.7 

mized t 

roxine t 

"All  rats liypophysectomized 24 hr before the test. 
t Approximately one year old at time of this test. 

response to epinephrine, and its improvement 
by thyroxine, is not entirely clear. 

The adrenal ascorbic acid depletion test 
indicated an enhanced adrenocortical respon- 
siveness in the hypothyroid state. Finerty and 
Hess( 16) have found an increased ascorbic 
acid response to the stress of scalding, in thy- 
roidectomized rats. However, caution should 
be used in the interpretation of all such re- 
sults? since, as has been pointed out by Freed- 
man and Gordon( 17),  the same or a slightly 
greater response per unit weight of gland (as 
the ascorbic acid depletion is reported) may 
still mean a greatly reduced daily hormonal 
output from a small as compared with a large 
adrenal. 

Summary. 1 .  As a means of assessing 
adrenocortical function, the eosinopenic and 
adrenal ascorbic acid depletion responses of 
normal and thyroidectomized male rats, with 
and without thyroxine treatment, have been 
examined. 2.  With nembutal sedation? the 
eosinopenic response to ACTH was the same 
in thyroidectomized as in normal rats and was 
not influenced by treatment with thyroxine in 
either group. 3. Under these conditions the 
eosinopenic response to epinephrine was less 
in thyroidectomized than in normal rats and 
was distinctly improved after thyroxine 
therapy. The response of normal rats to 
epinephrine was not modified by the adminis- 
tration of thyroxine in doses leading to hyper- 
thyroidism. 4. In the second test used, 
adrenal ascorbic acid depletion in response 
to ACTH, the thyroidectomized rats showed 
a greater and more uniform depletion than did 
normal rats, with the same dose of ACTH. 
Hyperthyroid rats responded like the normals. 

The author wishes to thank Dr. H. M. Evans and 
Dr. M. E. Simpson for guidance in the work and 
all the facilities for carrying it out, DT. P. H. Forsham 
for valuaible advice growing out of his experience 
with the eosinophil test, and Dr. D. C. Van Dyke, 
Dr. A. N. Contopoulos and B. S .  Williams for assis- 
tance in the ascorbic acid depletioa tests and iodine 
uptake determinations. 
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