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--The wheel running activity of female rats was observed prior to and following thyroidectomy. Thyroidectomy signifi- 
cantly reduced overall activity and increased the interval between activity peaks; thyroid feeding corrected these effects. 
Thyroid feeding did not correct the effects in ovariectomized rats. The continued administration of estradiol benzoate 
and progesterone increased activity in ovariectomized-thyroidectomized rats. The results suggest that the activity reduc- 
tion consequent to thyroidectomy is not a direct result of thyroid removal but an indirect result mediated by altered 
ovarian functioning. 
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THE THYROID gland influences the wheel running activity of 
female rats. Total thyroidectomy reduces the activity of the 
female, abolishes its cycles, and the administration of thyroid 
extract corrects these effects [6]. Thriouracil, a thyroid 
inhibiting drug, abolishes the females' cycles and reduces 
wheel running activity [5]. 

Removal of the thyroid affects the functioning of the ovary. 
Following thyroidectomy the appearance of vaginal cornifica- 
tion is irregular and the intervals between estrus are lengthened 
[5]. Since the ovary is known to influence activity [8], the 
possibility exists that the activity changes consequent to 
thyroidectomy are not a direct result of thyroid removal but 
an indirect result mediated by altered ovarian functioning. 
The present study tested this possibility by examining the 
effects of thyroid feeding and subsequent ovarian hormone 
administration on the wheel running activity of thyroidec- 
tomized and ovariectomized rats. 

METHOD 

The animals were 12 virgin female albino rats. At the start 
of the experiment the females ranged in age from 90 to 117 
days and weighed 197-227 g. Rat chow and water were con- 
stantly available. The laboratory had a thermostat which 
maintained the temperature at approximately 74°F. The rats 
were on a reversed 12 hr on-12 hr off light cycle with lights 
offat  10 a.ln. 

The females were initially given an adjustment period of 
10-14 days in the activity cages. Following this and con- 
tinuing throughout the experiment, revolutions per day (RPD) 
were recorded daily at approximately 9 :30  p.m. On the 29th 
recorded day (Table 1) 9 females were thyroidectomized 
while 3 were sham operated. These operations and those to 
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follow were conducted under Nembutal anesthesia. Three 
weeks after the thyroidectomies (Day 50) the females in 
Groups l, 3 and 4 had thyroid extract added to their diet. 
The thyroid extract and rat chow were powdered in a mortar;  
30 g of extract to 1000 g rat chow. From Day 30 until Day 
70 vaginal smears were taken each night at approximately 
9 :00  p.m. The females in Group 2 had smears taken until 
Day 50 at which time they were eliminated from the study. 
On Day 70, six females (Groups 1 and 4) were ovariectomized 
while three (Group 3) were sham ovariectomized. Thyroid 
feeding was discontinued on Day 90. On the morning of 
Day 102 the females were placed on the hormone regime 
shown in Table 2. The dosages of estradiol benzoate and 
progesterone administered were based on preliminary work 
which indicated that these were the minimal amounts to 
reliably induce sexual receptivity in 200 g ovariectomized 
females. The administration schedule was an attempt to 
maintain small and constant titers of hormone [9]. 

RESULTS 

Thyroidectomy produced two changes in wheel running 
activity. The first was a reduction in total activity. A com- 
parison of  RPD for the three weeks prior to the thyroidec- 
tomy with RPD for the three weeks following surgery reveals 
a significant decrease in activity for 8 of the 9 thyroidectomized 
animals (t tests). These differences were found even if the 
pre- and post-operative activity peaks were eliminated from 
the data analysis. A comparable decrease in activity was not 
found in the sham thyroidectomized group (Fig. 2). 

The second postoperative change was an increase in the 
interval between activity peaks. Following thyroidectomy 
the females in Groups 1, 3 and 4 had activity peaks separated 
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TABLE 1 

DESIGN OF THE EXPERIMENT 

n* Day 

29 50 70 90 102 

Group 3 Thyroidec- Thyroid Ovariec- End 
1 tomy feeding tomy thyroid 

feeding 

Group 3 Sham 
2 thyroidec- 

tomy 

Group 3 Thyroidec- Thyroid Sham End 
3 tomy feeding ovariec- thyroid 

tomy feeding 

Group 3 Thyroidec- Thyroid Ovariec- End 
4 tomy feeding tomy thyroid 

feeding 

Hormone 
adminis- 
tration 
(seeTahle 2) 

Oil 
adminis- 
tration 

*Since the completion of this study the basic findings have been 
extended to an additional 4 animals. 

TABLE 2 

S C H E D U L E  O F  H O R M O N E  A D M I N I S T R A T I O N *  

1 I~g Estradiol 
Benzoate 0.4 mg Progesterone 

Days 102,103 104 
Days 105,106,107 108 
Days 109,110,111 112 
Days 113,114,115 116 
Days 117,118,119 120 
Days 121,122,123 124 

*All injections given subcutaneously at 10.00 a.m. 

by 5-14 days (M = 7.8) in contrast to the 2-5 day (M = 4.3) 
intervals which characterized the females prior to surgery. 
The sham thyroidectomized females continued to show 4-5 
day peaks postoperatively. The females in Groups 1, 3 and 4 
had 24 peaks from the day of  thyroidectomy until the com- 
mencement of  thyroid feeding. Twenty of  these peaks occurred 
during vaginal cornification while four occurred during a 
stage characterized by nucleated epithelial cells and leucocytes. 
Three of these diestrus smears were taken from the same animal. 

The vaginal smears taken from the thyroidectomized females 
for days 30-50 reveal certain irregularities. The estrous cycles 
were longer than normal and agreed with the animal's activity 
cycles e.g. the longer the period between activity peaks the 
longer the period between the presence of  corni t t~ cells. 
During the no peak periods the smears were characterized 
by epithelial cells and leucocytes while during the activity 
peaks the smears were characterized by cornified cells. In 
3/20 cases the cornified cell stage was present for 2 successive 
days while in one instance it appeared for 3 successive days. 

In each of these cases, however, the activity peak occurred 
only on the first day of  cornification. The smears taken from 
the sham thyroidectomized females were not atypical. 

Thyroid feeding corrected the effects of thyroid removal. 
Seven of the 9 females in Groups 1,3 and 4 showed a significant 
increase in activity during the initial 20 days of thyroid 
feeding while 1 ($9, Group 3) showed a significant decrease. 
This last female was the same animal that failed to show a 
post thyroidectomy activity decrease. An autopsy performed 
on $9 at the termination of the experiment revealed large 
amounts of  thyroid like tissue still present. In addition to 
increasing overall activity, thyroid feeding returned the females 
to their 4--5 day activity cycles (Figs. l, 3 and 4). Finally, the 
vaginal smears taken from day 50 to day 70 showed cornifica- 
tion every 4-5 days. 

Ovariectomy reduced overall RPD and abolished activity 
cycles in all females (Figs. 1 and 4). Sham ovariectomy did 
not produce these effects (Fig. 3). 

With the initiation of hormone treatment there was an 
increase in overall activity (Fig, 1). Oil administration did not 
produce these effects (Fig. 4). The activity peaks which 
appeared during this period for $2 corresponded with pro- 
gesterone administration (Table l, Fig. 1). The peaks of the 
remaining animals in Group 1 were not as closely correlated 
with progesterone treatment. These animals exhibited 9 
activity peaks during the period of  hormone administration. 
Of these 9, only 4 corresponded with progesterone admini- 
stration. 
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FIG. 1. Revolutions per day for $2 (Group 1). 
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FIG. 4. Revolutions per day for SI 1 (Group 4). 

D I S C U S S I O N  

The present findings agree with those of Richter [6] and 
Mann [5]. Thyroid removal reduces overall activity and in- 
creases the interval between activity peaks. Thyroidectomy 
disrupts ovarian functioning as judged by vaginal smears. 

The appearance of activity peaks following thyroidectomy 
continues to correspond with vaginal cornification ([5], p. 96). 
Finally, thyroid feeding corrects the effects of thyroid removal. 

Richter states " . . . .  the reduction of activity after thyroi- 
dectomy is due to a lack of thyroid secretion . . . .  " p. 79. How- 
ever, two lines of evidence from the present study suggests 
that the major decrease in activity following thyroidectomy 
is due to a lack of ovarian secretions. (1) Thyroid extract 
will not maintain activity levels in thyroidectomized-ovariec- 
tomized females. (2) Ovarian hormones will re-establish 
activity levels in thyroidectomized-ovariectomized females. 

It is well established that ovariectomy reduces base line 
activity [8, 9]. The present report differs from previous 
ones, however, in that it controls for possible post ovariec- 
tomy thyroid changes. This was controlled by ovariectomiz- 
ing females that were already thyroidectomized and that were 
being fed sufficient thyroid extract to otherwise maintain 
activity levels. 

The finding that estradiol benzoate followed by proges- 
terone increases activity contrasts with a finding of Young 
and Fish [9]. They report that neither estradiol benzoate nor 
estradiol benzoate followed by progesterone is effective in 
restoring running activity in ovariectomized females. Certain 
procedural differences e.g. dosage of estradiol benzoate, tim- 
ing of injections, however, make a direct comparison difficult. 

The present data demonstrate that the activity changes 
following thyroidectomy are not a direct result of thyroid 
removal but an indirect result mediated by altered ovarian 
functioning. Thyroid removal may affect the ovary directly 
e.g. low thyroxine hinders ovarian steriod production. Alter- 
natively, thyroid removal may affect the ovary indirectly 
via the pituitary: In addition to increased TSH secretion [4], 
thyroidectomy may lead to an increase in gonadotrophin 
secretion. This altered gonadotrophin output results in ovarian 
dysfunction which in turn produces the observed reduction 
in activity. Support for the overlapping secretion of gonado- 
trophins and TSH is provided by studies which report cor- 
related outputs of the hormones. There is an increase in 
TSH output associated with the ovulatory discharge of 
lutinizing hormone [2]. Juvenile hypothyroidism in girls is 
often associated with precocious puberty [7] .  Thyroid 
therapy returns the girls to a prepubescent state. Castrated 
animals are reported to secrete large amounts of TSH [1]. 
Finally, animals developing tumors in response to hypothy- 
roidism exhibit marked ovarian stimulation [3]. 
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