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The cyclic nature of adenohypophysial 
activity has become well established in re- 
cent years. Characteristically, the concen- 
tration of adenohypophysial hormones in 
the blood fluctuate in an episodic, or pulsa- 
tile, fashion (1, 2) as well as with a daily 
rhythm (3); pituitary content of hormone 
can show daily fluctuations also. These 
daily changes are generally synchronized 
with the light-dark cycle of the environ- 
met. In the absence of the light-dark oscilla- 
tions, or other synchronizing forces, the 
hormones maintain the rhythm but the fre- 
quency usually deviates somewhat from the 
24 hr. 

Although the significance of these 
rhythms is not understood well, evidence is 
accumulating that neuroendocrine rhythms 
are important for producing patterns in pe- 
ripheral hormone levels necessary for evok- 
ing specific physiological events. Normal 
or abnormal functions could therefore be a 
result of synchronization or desynchroniza- 
tion of rhythms of interacting hormones. 
Subtle changes in the phase angle between 
these rhythms may produce marked 
changes in endocrine function (4, 5). Any 
agent that can alter these phase angles there- 
fore gains importance in the same sense as 
does a permissive or augmenting agent. In- 
creasing evidence implicates thyroxin (4) as 
a phasing agent for several rhythmic endo- 
crine functions. In the present study, the 
effect of loss of thyroid hormone on 
rhythmic changes in serum gonadotropins 
in male rats was studied. 

Materials and Methods. Adult Sprague- 
Dawley (Charles River, CD) rats were 
housed (two per cage) under conditions of 
controlled lighting (fluorescent illumination 
from 4 AM to 6 PM) and temperature (24 2 
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2") for 40 days prior to the study. Thyroidec- 
tomy (TE) was performed surgically at ap- 
proximately 40 days of age. Following sur- 
gery, TE rats were housed indiscriminately 
with intact or TE animals. Three days prior 
to the study, rats were transferred to indi- 
vidual cages and handled daily in order to 
familiarize animals with entry to animal 
quarters, cage opening, and removal from 
the cage. To further standardize conditions, 
the animal quarters were locked and not 
entered during the 18 hr preceding the ex- 
periment. In addition, all treatment and col- 
lection procedures, assigned and carried 
out according to a randomized block de- 
sign, were done outside the animal quar- 
ters. Purina laboratory chow and tap water 
were available to the animals at all times. 

The methods used to assess nonstress 
serum levels of LH, FSH, prolactin, and 
corticosterone were similar to those de- 
scribed previously (6). Nonstress blood 
samples were obtained by removing rats 
individually from the animal quarters to an 
adjacent preparation room where they were 
rapidly decapitated (<20 sec following cage 
opening). Blood from the trunk was col- 
lected and centrifuged following clot forma- 
tion. Serum was removed, frozen, and 
stored for subsequent analysis. Individual 
serum samples were assayed for LH, FSH, 
prolactin, and corticosterone concentra- 
tions. Immediately after decapitation, the 
ventral prostate and seminal vesicle glands 
were removed, cleaned, and weighed to the 
nearest 0.1 mg. 

Radioimmunoassays. Serum samples 
were analyzed for LH, FSH, and prolactin 
using double antibody radioimmunoassays. 
The materials used were provided by the 
N I AMDD-Rat Pituitary Program. Anti-rab- 
bit gamma globulin was prepared locally in 
sheep. Details of the procedure used have 
been published (7). Concentrations of go- 

22 
Copyright 0 1976 by the Society for Experimental Biology and Medicine 
All rights reserved. 



THYROIDECTOMY A N D  

nadotropins were expressed in ng/ml on the 
basis of the standards supplied (RP-1). 

Corticosterone assay. Serum concentra- 
tions of corticosterone were determined 
with the fluorometric method of Guillemin 
et al. (8). 

Statistical probabilities were derived 
from analysis of variance and Student’s t 
test. 

Results. LH. A rhythm in nonstress LH 
levels similar to that reported previously 
from this laboratory (6) was observed dur- 
ing the experimental period (F (7,50) = 
2.94, P < 0.01). Circulating LH levels be- 
gan to increase at 8 PM and peak levels 
occurred at 1 1  PM (Fig. 1). Comparison of 
the highest mean during the 24-hr period 
(37.8 -+ 5.0 at 1 1  PM) with the lowest mean 
(23.7 -e 1.8 at 1 1  AM) showed a 60% in- 
crease in serum LH levels. Differences be- 
tween the overall mean (27.5 ng/ml) and 
trough and peak values were also quite sig- 
nificant, P being < 0.01 for both compari- 
sons. 
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FIG. 1 .  Comparison of the circadian patterns of 
nonstress and stress levels of serum LH intact and 
thyroidectomized male rats. Here and in Fig. 2, the 
continuous and interrupted lines indicate the mean LH 
values. The stippled area indicates the standard error 
and the horizontal black bars indicate periods of dark- 
ness. 
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As illustrated in Fig. 1, TE markedly al- 
tered serum LH levels. The overall LH 
mean in TE rats (32.8 ng/ml) was higher 
than that of controls (P < 0.01) and signifi- 
cant periodicity in circulating LH levels ap- 
peared to be absent in the TE rats (F (7,49) 
= 1.62, P > 0.05). Highest values occurred 
at 5 and 8 AM, 3 to 6 hr later than peak LH 
times in controls; however, LH values at 5 
and 8 AM were not significantly higher than 
those at 1 1  PM, nor were they higher than 
several of the earlier time points. 

Prolactin. As expected, intact male rats 
demonstrated circadian periodicity (F 
(7,52) = 4.45, P < 0.01) in serum prolactin 
levels (Fig. 2). Peak (23.9 nglml) and trough 
(8.4 ng/ml) levels occurred at 1 1  PM and 1 1  
AM,  respectively, and the latter were signifi- 
cantly different from the overall mean (1 3.2 
ng/ml). Comparison of peak and trough lev- 
els indicated a 180% increase in serum pro- 
lactin levels. 

Serum prolactin levels in TE rats are illus- 
trated in Fig. 2. As indicated, both the level 
and the phase of the periodicity in circulat- 
ing prolactin levels were altered 40 days 
after surgery. The overall mean of 9.3 ng/ml 
was less (P < 0.01) than that of intact ani- 
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mals and peak prolactin values occurred 
during the early part of the light phase of 
the lighting schedule. Analysis of variance 
indicated the observed periodicity to be 
real (F (7,49) = 3.96, P < 0.01) and two- 
way analysis of variance showed a signifi- 
cant interaction between treatment and 
time (F (5,14) = P < 0.01). 

FSH. Unlike LH and prolactin, serum 
FSH levels in control animals (Table I) did 
not fluctuate with a circadian periodicity (F 
(735) = 0.65, P > 0.05). The highest (192 
ng/ml) mean value, which occurred at 8 PM, 
was not statistically different from the over- 
all mean (183 ng/ml) nor was it different 
from the lowest mean (171 ng/ml) which 
occurred at 5 AM.  

As in the case of intact animals, TE rats 
did not show a periodicity in serum FSH 
levels (F (7,46) = 1.93, P > 0.05). How- 
ever, TE animals did show increased FSH 
levels (Table I). The 24-hr mean (202 ng/ml) 
was greater (P < 0.01) than that of the 
intact group. Additionally two-way analysis 
of variance showed significant interaction 
between treatment and time (F (7,101) = 
2.36, P < 0.01). 

Corticosterone. The results of measure- 
ment of corticosterone in these same serum 
samples are illustrated in Fig. 3. As ex- 
pected, significant periodicity in nonstress 
serum corticosterone levels occurred dur- 
ing the 24-hr light-dark schedule (F (737) 
= 7.41, P < 0.01) and as in previous studies 
(6, 9), peak levels occurred at 5 PM just 
prior to the onset of the light-off phase. The 
overall mean was 1 1.5 pgll00 ml. 

TABLE I .  DAILY VARIATION I N  SERUM FSH 
(NG/ML) LEVELS I N  INTACT A N D  

THYROIDECTOMIZED (TE) MALE RATS. 

Control TE 

Serum corticosterone levels in TE rats 
showed a 24-hr rhythm (F (7,50) = 4.44, P 
< 0.01) similar to that of intact rats (Fig. 3). 
Neither the phase nor the level was differ- 
ent from that of control animals. Peak lev- 
els occurred at 5 PM ad the overall mean 
was 9.7 pg/lOO ml. Two-way analysis of 
variance did not show a significant interac- 
tion between time and treatment (F (7,106) 
= 2.02, P > 0.05). 

Seminal vesicle and ventral prostate. Al- 
though the wet weight of the ventral pros- 
tate of intact (F (7,56) = 0.46, P > 0.05) and 
TE (F (7,50) = 1.4, P > 0.05) rats did not 
vary significantly during the 24-hr experi- 
mental period, in both groups the highest 
weights were recorded during the late morn- 
ing or early afternoon; the lowest weights 
occurred during the first part of the dark 
period. 

Similar findings were observed for sem- 
inal vesicle weights in that both groups 
showed similar patterns in weight fluctua- 
tions. However, the weight fluctuations of 
the TE animals were significant (F (7,48) = 
2.57, P < 0.05). The highest mean for intact 
animals (567 mg) occurred at 11 AM, the 
lowest (437 mg) at 11 PM, and the difference 
was significant at the 5% level. High (472 
mg) and low (324 mg) values for TE rats 
occurred at 11 AM and 2 AM, respectively, 
and they were different (P < 0.05). In both 
cases the prostate and seminal vesicle 
weights of TE rats were considerably 
smaller (P < 0.01) than those of control 
animals. 

Discussion. Allowing for subtle differ- 
ences in environmental conditions, the tem- 
poral and quantitative aspects of the LH 
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8 PM 191 2 8 169 2 6 
1 1  PM 180 2 10 194 2 13 
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F I G .  3. Effect of thyroidectomy on nonstress se- 
rum corticosterone levels. In this illustration, number 
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* Mean 2 S.E. 
* *  P < 0.01 compared to controls. 

of animals is indicated at the base of the columns; 
vertical lines indicate standard error. 
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and prolactin rhythms in the present study 
are similar to those reported previously (6). 
Serum LH and prolactin levels began to 
increase at 8 PM and peak levels occurred 
midway into the dark period, i.e., 1 1  PM. 

In contrast to earlier findings, significant 
periodicity was not observed in serum FSH 
levels. Johnson (10) reported 24-hr fluctua- 
tions in serum FSH levels and data col- 
lected in this laboratory (3) have suggested 
that circulating FSH varies with a daily 
periodicity. However, unlike LH and pro- 
lactin, the FSH rhythm has not been repro- 
ducible. Although the explanation for these 
observation differences are not known, the 
data indicate that FSH, for whatever rea- 
son, is not entrained to the light-dark sched- 
ule and/or does not fluctuate with a circa- 
dian periodicity. The latter observation is 
difficult to reconcile with the presence of a 
common LH-FSH releasing hormone since 
serum LH levels vary with a predictable 
circadian frequency. 

While it is generally recognized that an 
interrelationship exists between the neu- 
roendocrine mechanisms involved in main- 
tenance of adrenal, gonadal, and thyroidal 
functions, specific information regarding 
the nature of such interactions remains lim- 
ited. In the female rat, removal of the thy- 
roid gland or blockade of thyroid hormone 
synthesis by feeding antithyroid drugs re- 
sults in markedly reduced pituitary-ovar- 
ian function. Estrous cycles become irregu- 
lar (1 1) and several indirect indices of ovar- 
ian function such as ovarian weight (1 1, 12, 
13), number of follicles (14), number of cor- 
pora lutea (14) and number of eggs ovulated 
(15, 16) are decreased. Concomitant with 
decreased ovulation number was a de- 
crease in blood and pituitary levels of LH, 
FSH, and growth hormone (16). 

In the male rat, thyroidectomy appears to 
have little or no effect on testicular func- 
tion. Hess (17) and, more recently, Vilchez- 
Martinez (1 8) showed thyroidectomized 
male rats to have normal gonadal and sec- 
ondary sex organ weights along with nor- 
mal testicular morphology (18). In the pres- 
ent study, prostate and seminal vesicle 
weights of thyroidectomized rats were less 
than those of intact controls. However, 
when the data were expressed as relative 

weights, the sex organ weights of thyroidec- 
tomized animals were not different from 
controls. 

Our finding that the 24-hr mean of both 
LH and FSH in TE rats was increased was 
somewhat surprising since Vilchez-Marti- 
nez (18) recently reported that intact rats 
had a higher pituitary LH content than thy- 
roidectomized animals. While it is possible 
that the elevated LH levels reflected a 
cross reaction of the LH-antibody with 
TSH, Monroe, Parlow, and Midgley (19), in 
the development of the assay system, re- 
ported that variations in the LH/TSH ratio 
over a range of 3400-fold failed to alter the 
indices of discrimination for the assay of 
LH. Thus, it would appear that TSH did 
not interfere with the RIA of LH but of 
course that was not actually verified in the 
present study. Since increased FSH levels 
cannot be similarly accounted for by hor- 
monal cross reactivity within the radioim- 
munoassay system, the FSH data must be 
taken to indicate an overall increase in cir- 
culating FSH. Nevertheless, it should be 
noted that at any given time point the differ- 
ences between control and thyroidecto- 
mized groups were relatively small and 
were not always significantly different. 

Reports from several laboratories have 
indicated that circulating prolactin levels 
are significantly increased after thyroidec- 
tomy. Ieiri (20) reported that in vitro prolac- 
tin synthesis by rat anterior pituitaries was 
increased by prior thyroidectomy, and sup- 
pressed by T, treatment. Debeljuk et al. 
(21) found that treatment of sheep with triio- 
dothyronine lowered resting prolactin lev- 
els and greatly inhibited the prolactin 
release normally observed with TRF admin- 
istration. Clinical studies (22, 23) indicate 
that TRF markedly increases prolactin se- 
cretion in humans. Thus, the finding that 
thyroidectomized rats had decreased prolac- 
tin levels was not expected. However, con- 
sistent with our data, Chen and Meites (24) 
observed that chronic treatment of rats 
with T, resulted in increased pituitary pro- 
lactin content. Taken together, these obser- 
vations suggest that considerable species 
variation exists in the ability of TRF to 
induce prolactin secretion. Whereas TRF 
may be extremely potent in stimulating the 
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secretion of prolactin in humans and sheep, 
its physiological role as a releasor of rat 
pituitary prolactin is questionable. 

The temporal and quantitative aspects of 
the corticosterone data are similar to those 
reported previously (9). These data not 
only provide indirect evidence for the tem- 
poral aspects of ACTH release but also 
provide a well-established standard with 
which the rhythmic activity of other hor- 
mones can be compared. 

Although the functional importance of 
these rhythms is not completely known, 
there exists evidence that neuroendocrine 
rhythms are involved in producing the pe- 
ripheral patterns necessary for evoking spe- 
cific physiological events. For example, in 
birds the time of greatest release of prolac- 
tin from the pituitary is important in regulat- 
ing several seasonal physiological condi- 
tions (4). Depending upon its temporal rela- 
tions with corticosterone, prolactin may in- 
duce fattening, loss of fat, cropsac prolifera- 
tion, or a combination of all of the above. 
Similar findings have been reported for the 
rat (5). While prolactin augmented the ster- 
oidogenic action of LH on the testes of 
hypophysectomized male rats at whatever 
time it was given, maximal response was 
obtained when both hormones were in- 
jected 1 hr into the dark period. When pro- 
lactin and LH were given early in the light 
period, the testicular weight increase found 
with LH alone was inhibited. Thus, it ap- 
pears that small changes in the phase angle 
between rhythms may produce marked 
changes in endocrine functions even though 
the 24-hr mean values are not altered. 
Whether the phase shift observed in prolac- 
tin and suggested for LH secretion resulted 
in altered neuroendocrine function is not 
known since neither gonadal function nor 
sex-related behavior patterns were evalu- 
ated. The data do, however, indicate the 
tenuousness of conclusions based on infor- 
mation obtained at a single time point. Dif- 
ferences between control and experimental 
groups using single time point sampling 
may reflect a phase shift in the secretory 
pattern and not an altered level of secre- 
tion. As indicated in Fig. 2, a single time 
point could be chosen to suggest that thy- 
roidectomy results in increased, decreased, 

or no change in serum prolactin levels. 
Whether the periodicity observed in pro1,ac- 
tin (and perhaps LH) levels in thyroidecto- 
mized animals represents a true phase shift 
or a free-running rhythm is not known. Of 
importance is the finding that the level of, 
and the phase angle between, these 
rhythms is markedly influenced by pitui- 
tary-thyroid function. 
Summary. Nonstress blood samples 

were obtained from intact and thyroidecto- 
mized (TE) male rats at 3-hr intervals over 
a 24-hr period via rapid decapitation. The 
animals were thyroidectomized when 40 
days old and used 6 weeks later. Intact 
animals showed periodicity in serum LH (P 
< 0.01) and prolactin (P < 0.01). Both go- 
nadotropins began increasing after 8 PM and 
peak levels occurred at 11 PM. In contrast, 
24-hr periodicity was not observed in serum 
FSH. Corticosterone levels in these same 
serum samples showed the expected circa- 
dian periodicity. After TE, the 24-hr pat- 
tern in all gonadotropins was altered signifi- 
cantly. Serum LH increased (P < 0.01) and 
circadian periodicity appeared to be absent. 
FSH and prolactin levels were increased 
and decreased, respectively (P < 0.01), 
with serum prolactin showing a 9-hr phase 
shift. Prolactin began increasing at 2 AM 
and reached a peak at 8 AM. Corticosterone 
in TE animals showed a 24-hr rhythm simi- 
lar to that of intact rats. These findings 
confirm our previous observations that non- 
stress serum LH and prolactin levels fluc- 
tuate with a 24-hr periodicity and suggest 
that the level of, and the phase angle be- 
tween, these rhythms is markedly influ- 
enced by pituitary-thyroid activity. 
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