
Prolonged and repeated  i r rad ia t ion  thus induces a last ing d e c r e a s e  in the abil i ty of hematopoiet ic  CFUs 
to mainta in  the i r  own population. The dis turbance of this  unique p rope r ty  of CFUs is evidently linked with an 
i r r e v e r s i b l e  dec r ea s e  in the s t e m - c e l l  pool of the hematopoie t ic  s y s t e m  af te r  i r rad ia t ion .  
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The widespread  c h a r a c t e r  of hypodynamia in modern  soc ie ty  necess i t a t e s  a comprehens ive  study of the 
effect  of this  ex t r em a l  f ac to r  on women and on the reproduct ion  s y s t e m  in pa r t i cu l a r .  The mos t  adequate model 
for  r e s e a r c h  of this kind is provided by f ema le  baboons (Papio hemadryas ) ,  in which the basic  p a r a m e t e r s  of 
activity of t h e  h y p o t h a l a m i c - h y p o p h y s e a l - g o n a d s  s y s t e m  a r e  ve ry  close to those in man [1, 3]. Since the c i r -  
cadian rhy thm of s e c r e t o r y  act ivi ty of the gonads is one of the  most  impor tan t  cha r ac t e r i s t i c s  of functional in-  
t eg r i ty  of the h y p o t h a l a m i c - h y p o p h y s e a l - o v a r i a n  s y s t e m  [8], exper imen t s  were  ca r r i ed  out on female  baboons 
in o rder  to  study c i rcadian  rhythms of hormona l  act ivi ty of t h e i r  ovar ies  and adrenals  during prolonged cl ino- 
s ta t ic  hypokinesia .  This paper  d e s c r i b e s  the r e su l t s  of a compara t ive  study of c i rcadian  rhy thms  of the e s -  
t radiol ,  p roges t e rone ,  t e s to s t e rone ,  and cor t isol  levels  in the pe r iphe ra l  blood p l a s m a  of unres t ra ined  female  
baboons and of baboons whose movements  were  r e s t r i c t e d ,  in different phases  of the mens t rua l  cycle .  

E X P E R I M E N T A L  M E T H O D  

Exper iments  were  ca r r i ed  out on 1O matu re  fer t i le  female  baboons weighing 12-16 kg, aged 5-10 y e a r s ,  
with a s table  biphasic mens t rua l  cycle last ing 28-35 days.  The cycles  were  moni tored by noting swelling of the 
"geni tal  skin," which is the t a rge t  t i s sue  for es t rogens  and re f l ec t s  p ro l i f e ra t ive  p r o c e s s e s  developing in the 
reproduct ive  s y s t e m  in the fo l l icular  phase  of the cycle.  To study c i rcadian rhy thms  of the s t e ro id  levels  (con- 
t ro l )  blood samples  were  taken  f rom monkeys  unres t ra ined  in  t he i r  cages ,  with na tura l  a l te rna t ion  of daylight 
and da rkness ,  eve ry  6 h for  the 24-h per iod s t a r t ing  f r o m  12 noon in the fol l icular  (6th-Sth day) and luteal  (6th- 
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Fig.  1. Ci rcadian  rhy thm of sex  s t e ro id  and c o r -  
t i so l  levels  in p l a s m a  of f emale  baboons (P. 
hemadryas )  with unres t ra ined  (filled c i rc les)  or  
r e s t r i c t e d  (empty c i rc les)  mo to r  act ivi ty ,  a) 
P roges t e rone ,  b) cor t i so l ,  c) es t rad io l ,  d) t e s t o -  
s t e rone .  I) Fo l l i cu la r  phase,  II) luteal phase  of 
cycle .  Absc i s sa ,  t ime of day (12 =noon,  24 = 
midnight); ordinate,  p l a s m a  s te ro id  concen t ra -  
t ion (in raM). 

7th day a f t e r  ovulation) phases  of the cycle.  Ci rcadian  rhy thms  during hypokinesia  were  studied in  an imals  of 
the same  group on the 15th day of r e s t r i c t e d  movement .  Five baboons were  immobi l ized  i n t h e  fo l l icular  (6th- 
7th day) and five in the luteal  (6th-7th day a f t e r  ovulation) phases  of the cycle .  The monkeys  were  fixed in the 
hor izonta l  posi t ion by the cl inostat ic  hypokines ia 'method  [4]. Individually made immobi l iza t ion  sui ts ,  fixed on 
spec ia l  suppor t s ,  enabled hind l imb movements  to be complete ly  and head movements  pa r t i a l ly  p reven ted  for  a 
long t ime,  while allowing the fo re  l imbs  to move f ree ly .  Blood s amp le s  were  taken at noon, 6 p .m. ,  midnight,  
6 a .m. ,  and noon, i .e . ,  at  t imes  cor responding  to those  in the control  exper iment .  Blood was taken  f r o m  the 
cubital vein and p l a s m a  was s epa ra t ed  by centr ifugation,  then f rozen  and kept at 20~ until r equ i red  for  s t e ro id  
de te rmina t ion .  

The hormonal  function of the gonads was es t imated  by determining p l a s m a  leve l s  of the following s te ro id  
hormones:  es t rad io l ,  p r o g e s t e r o n e ,  and t e s tos t e rone .  The concentrat ion of these  hormones  was de te rmined  
by r ad io immunoas say  adapted for  monkey p l a s m a  [2], using highly specif ic  an t i se ra .  The eor t isol  concen-  
t ra t ion  was de te rmined  by the compet i t ive  binding method [7], enabling a s s e s s m e n t  of the adrenal  g lucocor -  
t ieoid function. The r e s u l t s  were  subjected to s ta t i s t ica l  ana lys i s  by compute r  using Student 's  tes t .  

E X P E R I M E N T A L  R E S U L T S  

It will be c lea r  f r o m  Fig. lb  that the c i rcadian  rhy thm of the p l a s m a  cor t i so l  level  of the baboons was 
cha r ac t e r i z ed  by a gradual  fall in the s te ro id  concentra t ion in the course  of the 24-h per iod .  The minimal  
values  were  r eco rded  at midnight,  and l a t e r  the hormone level  ro se  to r each  a peak  during the morning 
( f rom 6 a .m.  to 12 noon). The c h a r a c t e r  of the c i rcad ian  rhy thm was s i m i l a r  in both p h a s e s  of the mens t rua l  
cycle.  This  rhy thm of the cor t i so l  level  in female  baboons is  in a g r e e m e n t  with data in the l i t e r a tu re  [3, 6]. 
It is  a lso s im i l a r  to the c h a r a c t e r  of the c i rcad ian  rhy thm of eor t i so l  in women [5]. 

Circadian fluctuations in the testosterone level (Fig. id) were similar in character and correlated highly 
with the cortisol rhythm in both phases of the cycle (r = 0.976 in the luteal and r = 0.821 in the follicular phase). 
The mean concentrations of these two hormones for the 24-h period (Fig. 2b, d) had a tendency to decrease in 
the luteal phase of the cycle, but the amplitude of the circadian fluctuations of both steroids was unchanged in 

the course of the cycle. 

In khe follicular phase of the cycle circadian fluctuations in the progesterone level correlated highly with 
the circadian rhythm of cortisol (r = 0.869; Fig. la), suggesting that the adrenals participate in formation ofthe 
circadian rhythm of progesterone in the first phase of the cycle. In ~ahe luteal phase, however, when the con- 
centration of the Steroid was increased by more than i0 times and when the corpus luteum becomes the principal 
source of its biosynthesis, an "ovarian type" of circadian rhythm is established. Under these circumstances 
maximal values for the hormone were recorded between 6 p.m. and midnight, and minimal values in the after- 
noon. Meanwhile a tendency was observed for the amplitude of the circadian fluctuations in the level of the 
hormone to fall. A similar type of circadian rhythm of progesterone was found in female macaques [9] in the 

luteal phase of the cycle. 
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Fig. 2. Mean 24-hourly concentrations of sex 
steroids and cort isol  in blood p lasma of female 
baboons with unrestra ined .(I) and res t ra ined  {II) 
motor  activity, in folicular (unshaded columns) 
and luteal {shaded columns) phases of cycle.  
*P < 0.05, * * P  < 0.001 compared with control.  
Remainder  of legend as to Fig. 1. 

Circadian fluctuations i n the  estradiol  level in the foll icular  phase were charac ter ized  by a definite rhyttml 
(Fig. le) with the maximum for the 24-h period between 6 p.m. and midnight, which is out of phase wi th the  c i r -  
cadian rhythm of progesterone (r = -  0.481). In the luteal phase of the cycle the t rend of the c i rcadian rhythm 
of estradiol  was modified. Maximal concentrations were recorded  in the afternoon and minimal at midnight. 
The mean 24-hourly concentration of the hormone under these c i rcumstances  was pract ica l ly  indistinguishable 
f rom values found in the ear ly  foll icular  phase of the cycle (Fig. 2c). 

In view of the considerable individual variat ions in the s teroid levels of the monkeys,  the data in Table 1 
are  expressed as percentages of deviations f rom the mean 24-hourly concentration. As Table 1 shows, c i r -  
cadian fluctuation in cort isol  and tes tos terone  levels in both phases of the cycle, and in the progesterone and e s -  
t radiol  levels in the foll icular phase of the cycle were significant (0.001 < P < 0.02). 

The circadian rhythm of the eortisol  and sex s teroid  levels in the per iphera l  blood p lasma of the baboons 
on the 15th day of hypokinesia, shown in Fig.  1, and the lowest values between 6 p.m. and midnight and highest 
in the morning (from 6 a.m. to noon). The data in Table 1 indicate that these fluctuations were significant for 
all steroids studied (0.01 < P < 0.05). The coefficient of correlation for cortisol, on the one hand, and for 

testosterone, estradiol, and progesterone, on the other hand, was 0.840, 0.904, and 0.871 respectively for fe- 

males immobilized inthe follicular phase, and 0.904, 0.890, and 0.910 for baboons immobilized in the luteal 

phase.  

Res t r ic t ion  of motor  activity did not al ter  the general  charac te r  of the cort isol  and tes tos terone rhythm, 
although their  c i rcadian fluctuations took place against the background of a lower blood level of these s teroids .  

The change in pa ramete r s  of the estradiol  rhythm in the two phases of the cycle was highly significant during 
hypokinesia.  The charac te r  of the circadian rhythm of the hormone Lathe foll icular phase (Fig. lc) was out of 
phase with its natural c i rcadian rhythm in intact baboons. The amplitude of fluctuations of the s teroid  level was 
increased.  In the luteal phase an increase  in amplitude of fluctuations of the estradiol  level led to the appear -  
ance of a distinct c i rcadian rhythm, which was absent in intact animals in the luteal phase. Simultaneously with 
it, a proges terone rhythm in the same  direction appeared (Fig. la) .  The high degree of corre la t ion between the 
circadian changes in the levels of these two s teroids  with each other and with the cort isol  and tes tos terone r h y -  
thms indicates an adrenal origin for  their  c ircadian rhythms in the foll icular and luteal phases during hypo- 
kinesia. 

As Fig. 2 shows, during hypokLaesia there  was a p rogress ive  decline in the mean 24-hourly concentrations 
of all s teroids  studied in the per ipheral  blood plasma.  The level of decline of estradiol  and proges terone was 
s ta t is t ical ly  significant in both phases of the menstrual  cycle,  whereas that of tes tos terone was significant only 
ill the foll icular  phase. The mean 24-hourly cort isol  concentration remained virtually unchanged in all animals 
exposed to hypokinesia. 

The marked  tendency for  the amplitude of the cort isol  rhythm to diminish in the luteal and foll icular  phases 
os hypokinesia in the presence  of a paral le l  increase  in amplitude of c i rcadian fluctuations in the estradiol  and 
tes tos terone levels must be noted. 
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TABLE 1. 
and Res t r i c t ed  Motor Activi ty (in % of deviation f r o m  mean 24-hour ly  concentrat ion;  M i m) 

Steroid 

Es[ra d iO1 

Progesterone 

Testosterone 

Cortisol 

Amplitude of Ci rcadian  Fluctuat ions of Sex Steroid and Cor t i so l  Levels  with Unres t ra ined  

Phase of 
cycle 

Control ] 
period of m a x i ~ -  period of minimal 

I concentration ____ oon en  tion __ I 

] 12 noon 18 p.m.[ 24 midnight 12 noon [ 
I 

105• 

122• 

107• 

1094- i 1,3 

126• 

121• 

i10+7,6 

122• 

87• 

70• 

79• 

724-8,2 

61-+-4,3 

59• 

82• 

92+_.5,6 

<0,02 

<0, I 

<0,00 

<0,I 

<0,00 

<0,02 

<0,00 

<0,00 

period of maxi- Hypokinesia 
mal concentra- 
.tion 

6a.n~ 12noon 

period of minimal 
concentration 

18p.m.] P 24 midnight 

118• 

I14+1,9 

123• 

121+5,0 

124=kl,7 

139=K4,8 

1154-7,7 

122• 

75• 

79• 

70_15,0 

804-3,4 

73• 

80:i:5,4 

74• 

70+_l,3 

Follicular 

Luteal 

Follicular 

.uteal 

7ollicular 

.uteal 

:ollicular 

Luteal 

<0,01 

<0,01 

<0,05 

<0,01 

<0,01 

<0,01 

<0,05 

<0,01 

The r e su l t s  of this invest igat ion thus demons t ra t e  internal  desynchronizat ion  of c i rcadian  rhy thms  of the 
sex  s t e ro id  levels  during prolonged r e s t r i c t i o n  of m o t o r  act ivi ty  of female  baboons i r r e s p e c t i v e  of the phase  of 
the cycle during immobi l iza t ion ,  and which is mani fes ted  as a change i n t h e  posi t ion of the ac rophases ,  a change 
in the amplitude of the rhythm,  and a d e c r e a s e  in the mean  24-hourly concentra t ions .  However ,  the mechan i sms  
lying at the i r  bas is  s t i l l  r e m a i n  la rge ly  unexplained. 

It can be tenta t ively  sugges ted  that  blocking of the hormonal  act ivi ty of the developing follicle and corpus  
lu teum weakens the ro le  of the ovar ies  in the fo rma t ion  of the pe r iphe ra l  pool of p roges t e rone  and es t rad io l  
d ras t i ca l ly ,  and the leading role  in the p r o c e s s  now switches to the adrena ls .  This  leads to  d i sappearance  of 
the ' o v a r i a n  t y p e '  of c i rcadian  fluctuations in the e s t r ad io l  and proges te rone  levels  r eco rded  for  es t rad io l  in 
the per iod of ma tu ra t ion  of the dominant fol l ic le ,  and fo r  p roges te rone  in the per iod of max imal  function of the 
corpus  luteum. 
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