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reaction ~2. Finally, the increase in cellular lysolecithin 
might play an important role in the regulation of  guanylate 
and adenylate cyclase activities 13. 
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Summary. The existence of a circadian variation in the adrenocortical concentrations of  cyclic AMP and cyclic GMP 
in male adult Wistar rats examined 10 days after hypophysectomy is demonstrated. The results suggest that the circa- 
dian!variations of  adrenocortical cyclic nucleotides observed previously in intact rats might not entirely depend upon 
pituitary corticotrophin. 

A previous report 2 has examined the circadian rhythms in 
adreiaocortical cyclic AMP(cAMP) and cyclic GMP 
(cGMP) as compared to the circadian variation of blood 
corti~osterone. The question then arose whether the circa- 
dian:Variations of the adrenocortical cyclic nucleotides ob- 
servfi~t in intact rats were completely under the control of 
the pituitary. The present experiment is designed to answer 
that question. 
Materials and methods. 52 hypophysectomized male Wistar 
rats weighing around 160 g each were supplied by IFFA-  
CREDO (Saint-Germain-sur-l 'Arbresle, France). They had 
been hypophysectomized using the auricular technique un- 
der ether anaesthesia. The effectiveness of  hypophysectomy 
was assessed by the following criteria: no weight gain, adre- 
nal ~/trophy and undetectable blood eorticosterone (below 
0.2 I~g/100 ml). The animals were used 10 days subsequent 
to operation. During this period they were maintained at a 
temperature of 22 ~ with dry rat pellets and salt water 
available ad libitum. They were synchronized with natural 
day/light alternation. On the day of  killing, sunrise occurred 
at 05.49 and sunset at 21.56 (local t i m e = G M T + 2 ) .  The 
animals were sacrificed one by one at 10 min. intervals in 
series of 8-9 subjects. Each adrenal was decapsulated and 
its zona medullaris removed. The efficiency of  this proce- 
dure in isolating only the fasciculata-reticularis zona has 
been assessed by histological examination I. The adreno- 

cortical tissue was then lyophilized and weighed. The lyo- 
philized tissues were extracted and the cyclic nucleofides 
determined by radioimmunoassay according to Cailla et 
al.3, 4. 
The excellent specificity of the antibodies used (cross-re- 
activity between succinyl cAMP and succinyl cGMP was 
less than 0.01%) allowed direct measurement of the 2 cyclic 
nucleotides without their initial separation. Both conven- 
tional and Cosinor methods 5 were used for statistical 
analysis of the time series. Chronograms were drawn by 
plotting the studied variables (mean + SEM for each group 
of  animals) as a function of  time (clock hours). 
The differences between peaks and troughs have been 
checked using Student's t-test. The Cosinor method was 
used for both rhythm validation and quantification. The 
latter method involves computer programs in combination 
with the least-squares method in order to find the best fit- 
ting cosine function which approximates all data. With this 
method, a rhythm is validated when its amplitude (half of  
the peaktrough difference) differs from zero where 
p<0.05. Furthermore, the Cosinor method takes the 
actual time of  the death of each animal into account. 
Results. Chronograms are shown in figures 1 and 2. It ap- 
pears from the patterns of  these chronograms that a 
circadian variation is present for adrenocortical cAMP and 
cGMP, since both curves are roughly a sine function. 

Cosinor summary circadian rhythms in adrenocortical cAMP and cGMP in hypophysectomized rats 

Variable tested Rhythm Mesor Amplitude Acropliase bJmin 
detection M + SEM Mean Range ~ Mean Range s 

CyclicAMP p < 0.005 26.4 + 2.8 2.5 1.6-3.5 05.24 03.57-06.54 
[9.5] [6.1-13.3] 

Cyclic' GMP p < 0.005 0.46 + 0.03 0.063 0.034-0.093 08.00 06.00-10.00 
[13.7] [7.4-20.2] 

52 mature male Wistar rats hypophysectomized 10 days before. Synchronization with natural day-light. Sunrise at 05.49 and sunset at 
21.56 (local time) on the day of killing. Sampling intervals At= 4 h. Trial period r = 24 h. The mesor or 24 h rhythm adjusted average 
is given in pmole/mg dry weight. The amplitude or half of the peak-trough difference is given in pmole/mg dry weight and as a 
percentage of the mesor in brackets. The acrophase or peak time is expressed in h and min. Phase reference is 00.00 (local midnigh 0. 
* 95% confidence limits. 
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Fig. 1. Circadian rhythm in adrenocortical cAMP (fasciculata- 
reticularis zona) of mature male Wistar rats hypophysectomized 
10 days before. Synchronization with natural day-light. Tempera- 
ture 22+ 1 ~ Food and water available ad libitum. Sampling 
interval -~ 4 h (8-10 animals). �9 . Raw data (chronogram) with 
time point mean+ SEM in pmole cAMP/mg dry weight. --- Co- 
sinor analysis: best sine function with period r = 24 h. 
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Fig,2. Circadian rhythm in adrenocortical cGMP (fasciculata- 
reticularis zona) of mature male Wistar rats hypophysectomized 
10 Clays before (cf. legend to figure 1). . ---  Raw data (chrono- 
gram) with time point mean+SEM in pmole cGMP/mg dry 
weight, --- Cosinor analysis: best fitting sine function with period 
r =24 h. 

Peak-trough differences are statistically significant with 
p < 0.02 for cAMP and p < 0.05 for cGMP. The results ob- 
tained from raw data were confirmed by Cosinor analysis 
(table and figures 1 and 2). Statistically significant circadian 
rhythms were validated for both variables (amplitude dif- 
fering from zero with p<0.005). The peaks are located at 
about 05.30 and 08.00 for cyclic AMP and cyclic GMP re- 
spectively, that is, at the end, or just after the end of the 
darkness period. The amplitudes expressed as a percentage 
of the mesor are comparable for both nucleotides, equal- 
ling 9.5% for cAMP and 13.7% for cGMP. Since the cyclic 
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nucleotide concentrations have been expressed as a func- 
tion of dry weights, these were verified to be constant 
throughout the experiment. 
Discussion. As the adrenocortical dry weights remain con- 
stant throughout the nycthemere, it can be inferred that the 
circadian variations observed reflect a true modification of 
the cyclic nucleotide concentrations. Expressing the results 
as a function of adrenocortical protein concentrations (not 
shown here), gives comparable results. The somewhat sur- 
prising finding of a circadian variation of the adrenocorti- 
cal cyclic nucleotides in hypophysectomized rats raises 
some unresolved questions about the origin and role of 
these cyclic nucleotides in the adrenal cortex. The persis- 
tence of rhythmic adrenal activity has been noted in hypo- 
physectomized rats implanted with pellets of ACTH and 
thyroxine 6. Although not much attention has generally been 
paid to the relationship between the nervous system and the 
adrenal cortex, some experiments indicate such a link. 
Denervation of the rat adrenal has been shown to diminish 
the elevation of cAMP induced by stress 7. In rats with adre- 
nal autotransplants, daily variations in plasma corticoids 
are no longer observed 8. Following these observations, 
some authors have postulated the existence of a neural 
pathway to the adrenal which would regulate the circadian 
variation of adrenal steroidogenic activity 8. On the other 
hand. persistence of circadian rhythms has been demon- 
strated in adrenal tissue cultures 9'1~ Whatever the mecha- 
nism involved in the present findings, the demonstration of 
a circadian variation of adrenocortical cyclic nucleotides in 
hypophysectomized rats is an additional proof of at least a 
partially extrapituitary regulation of the circadian rhythm 
in adrenocortical function. 
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Summary. High affinity testosterone (T)-specific and dihydrotestosterone (DHT)-specific binding sites exist in a 1:2 ratio 
in the cytosol fractions of the caput epididymidis, prostate, seminal vesicles and the ductus deferens of the rhesus monkey. 
The number of androgen-binding sites in the caput epididymidis is 3 times greater than that of the other 3 tissues. 

The interaction of a steroid hormone with a cytoplasmic hormone action. In an earlier study on the androgen 
macromolecular receptor in the target cell is one of the metabolism in the monkey 3'4, we had reported that after in 
earliest events recognized in the mechanisms of steroid vivo treatment with 3H-testosterone, the tissue-bound an- 


