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E F F E C T  OF A C T H  ON C O R T I C O S T E R O I D  A N D  P R O G E S T E R O N E  L E V E L S  

IN F E M A L E  B A B O O N S  D E P E N D I N G  ON T H E  P H A S E  OF T H E  

M E N S T R U A L  C Y C L E  
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Dependence of adrenal  sec re t ion  of g lucocor t ico ids  on ACTH has  now been well studied. However,  there  
is  no unambiguous answer  to the question of how the sensi t iv i ty  of the adrena ls  to ACTH changes  in re la t ion to 
changes in sex hormone  concentra t ion in the pe r iphe ra l  blood. We know that the ACTH level in women changes  
in the course  of the mens t rua l  cycle  [6]. Removal  of the o v a r i e s  tn r a t s  leads to a d e c r e a s e  in synthes is  of 
ACTH and i ts  r e l e a s e  f rom the p i tu i ta ry  [4]. An inc rease  in adrenocor t i ca l  act ivi ty  in r a t s  in the per iod of 
p r o e s t r u s  [11] and a p reovu la to ry  r i s e  of the cor t i so l  concentra t ion in the pe r iphe ra l  blood of women have been 
d i scovered  [6]. There  is also evidence of a d e c r e a s e  in the t rophic effect  of ACTH in women af te r  ova r i ec tomy  
and i ts  r e s to ra t ion  by p r e l i m i n a r y  e s t rogen  the rapy  [12]. 

To study the effect  of ACTH on the endocrine funct ion of s te ro id-producing  glands depending on the level  
of sex h o r m o n e s  in the body, a compara t ive  study of the dynamics  of s teroid  ho rmones  in the fo l l icular  and 
[uteal phase s  of the mens t rua l  cycle  in r e sponse  to a s tandard dose of ACTH was undertaken in e x p e r i m e n t s  on 

hamadryad  baboons.  

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

Five  ma tu r e  female  hamadryad  baboons weighing 12-21 kg and aged 8-13 y e a r s  were  used. The exper t -  
mental  an ima l s  had a r egu la r  m e n s t r u a l  cycle  las t ing 28-38 days. The state of the sex cycle of the baboons 
was moni tored  by observ ing  swelling of the genital  skin. The f i r s t  day of mens t rua l  bleeding was taken as the 
beginning of the cycle.  Synthetic ACTH (B 1-24, ACTH, Synacthen) was  injected in t ravenously  in a dose of 
1 U/kg body weight in the fo l l icular  (6th-9th days) and luteal phases  of the cycle (21st-23rd day), during the 
per iod of max imal  act ivi ty  of the co rpus  luteus. Blood was  taken f r o m  the cubital vein (8-10 ml) before  and 
30 rain and 1, 2, 4, 24, and 48 h a f t e r  injection of the ACTH. The p l a s m a  was obtained by centr t fugat ion at 
3000 rpm for  20 rain and was  kept  at - 20~  until r equ i red  fo r  assay.  Concentra t ions  of cor t i cos te rone ,  l l -  
deoxycor t isol ,  and p roges t e rone  were  de te rmined  in duplicate samples  of p l a sma  by r ad io immunoassay  [7]. 
Ant i se ra  obtained by the L a b o r a t o r y  of Exper imenta l  Endocrinology, Resea rch  Institute of Exper imenta l  Path-  
ology and Therapy ,  Academy of Medical  Sciences  of the USSR, Sukhumi (TU 42.14, 333-82, 334-82, and 331-82) 
were  used for  de terminat ion.  Cor t i so l  (S) was de te rmined  by the compet i t ive  btnding method [10]. Cal ibrat ion 
cu rves  were  plotted between [ogit- log coordinates ,  and the s teroid  l eve l s  in the p l a s m a . w e r e  de te rmined  and 
the r e su l t s  subjected to s ta t i s t ica l  ana lys i s  by Student ' s  t t e s t  on the "t~lektronika 15-VSM-5" computer .  

L a b o r a t o r y  of Exper imenta l  Endocrinology, Resea r ch  Insti tute of Exper imenta l  Pathology and Therapy,  
Academy of Medical  Sciences  of the USSR, Sukhumi. Trans la ted  f rom Byulle ten '  ]~ksper imental 'noi  Biologii t 
Meditsiny,  Vol. 100, No. 8, pp. 135-137, August, 1985. Original  a r t i c le  submit ted October  22, 1984. 
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Fig. I. Dynamics of peripheral blood corticoster- 
oid levels in female hamadryad baboons after in- 
jections of ACTH (M~m). Abscissa, time (in h); 
ordinate, corticosterold level (in nanomolesAiter). 
I) Cortisol; II) corticosterone; III) ll-deoxycorti- 
sol. Circles indicate follicular phase, rectangles- 
lutea[ phase of menstrual cycle. 

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

Results of determination of the cortisol concentration in the peripheral blood of the baboons in response 
to injection of ACTH in the follicular and luteal phases of the menstrual cycle are given in Fig. 1. The peri- 
pheral blood cortisol concentration was significantly increased 30 rain after injection of ACTH. The maximal 
increase in cortisol concentration was observed 2 h after injection of ACTH, namely 110-122% in both phases 
of the cycle. After 4 h the increase amounted to 66~ in the follicular phase and 18% in the luteal phase of the 
cycle, followed by a gradual fall to the original level after 48 ho The dynamics of the response of corticoster- 
one and ll-deoxycortisol correlated highly with the dynamics of the eortisol concentration in both phases of 
the cycle (in the follicular phase r = 0.74 and 0.89, in the luteal phase of the menstrual cycle r = 0.91 and 0.94 
respectively). The maximal rise in the level of steroid hormones was recorded 2 h after injection of ACTH, 
and reached values of 155% (P < 0.05) and 130% (P < 0.05) respectively for corticosterone and 11-deoxycorti- 
sol in the follicular phase, and 141% (P < 0.01) in the luteal phase. Injection of exogenous ACTH into female 
hamadryad baboons thus led to marked activation of the glueocorticoid function of the adrenal cortex, and the 
degree of stimulation, under these circumstances, was independent of the phase of the menstrual cycle. 

The dynamics of the changes in peripheral blood progesterone levels after [njection of ACTH in different 
phases of the menstrual cycle is shown in Fig. 2. The progesterone concentration fell in all the animals in 
the luteal phase of the cycle. After 2 h the hormone level fell below its initial value by 32% (P < 0.05), and af- 
ter 48 h the fall was 18%. In the follicular phase of the menstrual cycle a very small rise of the progesterone 
concentration was observed 2 h after injections of ACTH; it correlated with the dynamics of the cortisol level 
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Fig. 2. Dynamics  of pe r iphe ra l  blood p r o g e s t -  
e rone  concentra t ion in female  hamadryad  ba-  
boons in r e sponse  to injection of ACTH ( ~ m ) .  
Abscissa ,  t ime (in h); ordinate,  p roges t e rone  
[eve[ (in nanomoles / l i t e r ) .  C i rc l e s  indicate fol- 
l icular  phase,  t r i a n g l e s -  luteal phase  or  men-  
s t rual  cycle.  

(r = 0.67). A study of the dynamics  of s teroid  ho rmones  in the female  baboons during the 24-h per iod revealed  
a high degree  of co r re la t ion  between the c i rcadian  rhy thms  of cor t t so l  and p roges t e rone  in the fo l l icular  phase  
of the cycle  [1, 9]. These data suggested that  the p redominant  source  of p roges t e rone  in the fo rmat ion  of the 
pe r iphe ra l  pool in the fo l l icular  phase  of female  baboons is the adrenals .  

The max ima l  inc rease  in the blood cor t i so l  concentra t ion [n the two phases  of the cycle was r eco rded  
2 h a f t e r  injection of the hormone,  and the smal l  d i f ference  obse rved  in the cor t i so l  concentra t ion 4 h a f t e r  
injection was not significant, and was evidently due to the lower mean s teroid  concentra t ion during the 24-h 
per iod in the luteal  phase  of the cycle  [1]. No di f ference  were  found in the c h a r a c t e r  of the adrenal  r e sponse  
to a single exposure  of female  baboons [8] and of women [3] to s t r e s s  in di f ferent  phases  of the mens t rua l  cycle.  

The c h a r a c t e r  of changes tn the p roges t e rone  concentra t ion in r esponse  to injection of ACTH, by con t r a s t  
with that of g lucocor t ico ids  was de te rmined  by the phase  of the mens t rua l  cycle.  F o r  instance,  in the lutea[ 
phase  of the cycle  injection of ACTH caused a significant lowering of the p roges t e rone  level  f rom 16.7 and 11.3 
nanomoles / l i t e r .  The p roges t e rone  concentra t ion tn the fo l l icu la r  phase  was a l i t t le ra i sed ,  and this  c o r r e l a t e d  
with the dynamics  of the cor t i so l  level.  In the p r e sen t  exper iments ,  in an imals  studied in the fo l l icular  phase  
of the cycle,  the same  adrenal  c h a r a c t e r  of the p roges t e rone  dynamics  was observed .  This  sugges ts  that [n 
this  case  c i rcadian  f luctuat ions of the p roges t e rone  level  were  recorded ,  and not a specif ic r e sponse  of the 
adrena l s  to injection of ACTH, m o r e  espec ia l ly  because  a single exposure  of f e m a l e s  of this  spec ies  to acute 
s t r e s s  was  not accompanied by any change in the p roges t e rone  level  of adrenal  or igin [8]. Injection of exogen- 
ous ACTH in the luteal phase  of the cycle dis turbed the c i rcadian  rhythm of p roges t e rone  abruptly,  causing a 
significant fail in the level of the hormone  2 h a f te r  injection. Re lease  of endogenous ACTH caused s im i l a r  
depress ion  of the p roges t e rone  level  in female  baboons,  s t r e s s e d  in the luteal  phase  of the mens t rua l  cycle .  
The fall in the p roges t e rone  level thus obse rved  was  due to the inhibi tory effect  of ACTH on s e c r e t o r y  act ivi ty 
of the o v a r i e s  themse lves ,  for  the metabol ic  c l ea rance  of p roges t e rone  is  unchanged throughout the duration 
of the mens t rua l  cycle  in baboons of a different  spec ies  (Papto pap[o) and also tn man af te r  injection of exo-  
genous ACTH [2, 5]. 

Consequently, the sensi t iv i ty  of the adrena l s  to a single injection of ACTH is independent of the phase  of 
the mens t rua l  cycle  and the inhibi tory ef fec ts  of ACTH on p roges t e rone  secre t ion  is exhibited only in the p r e s -  
ence of an act ively  functioning co rpus  luteus of the ovary .  
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The role  of the pineal  gland in the manifes ta t ion  of biological  rhy thms  is  genera l ly  fami l ia r .  It r e c e i v e s  
informat ion mainly  f r o m  the outside world and is an i n t e rmed ia ry  in in teract ion between o rgan i sm and envi ron-  
ment,  thus enabling the living o rgan i sm to or ient  i tself  to the a l ternat ion of day and night and to adapt i tself  in 
t ime.  We know that  the intensi ty of serotonin (5-HT) me tabo l i sm in pineal  ce i l s  and fo rmat ion  of i ts  hydroxy-  
lated and methoxyla ted  de r iva t ives  depend on the intensi ty of i l lumination. Data in the l i t e ra tu re  a re  evidence 
that  during the dark  p e r i o d o f t h e  y e a r  (just as during the dark  t ime  of the 24-h period) melatonin (MT) produc-  
tion in the pineal  gland inc reases ,  whe reas  during the light per iod of the y e a r  (24-h period) it d e c r e a s e s  [6, 8, 10] 
10]. The opposi te  data were  obtained for  5 -HT [4, 12, 14]. 

Meanwhile the question of the content of other indoleamines in the pineal gland depending on the season 
has not been adequately discussed in the literature, and it was accordingly decided to study metabolic pathways 
of 5-HT and concentrations of individual indoleamine fractions in the pineal gland in summer and winter. 

EXPERIMENTAL METHOD 

Expe r imen t s  were  ca r r i ed  out on 48 ma tu re  male  Wis t a r  r a t s  weighing 150-200 g. The r a t s  were  kept  
in the an imal  house under  natural  conditions of a l ternat ion of day and night. The expe r imen t s  we re  undertaken 
at dif ferent  t imes  of year ,  with different  conditions of daylight: in winter  (8 h of daylight and 16 h of darkness)  
and in s u m m e r  (16 h of daylight and 8 h of darkness) .  Leve l s  of the following subs tances  were  de te rmined  in 
the pineal  gland [12]: 5-HT, N-ace ty l se ro ton in  (N-AS), MT, 5 -methoxyi ryp tamine  (5-MOT), and total f rac t ions  
of 5-hydroxyindoleacet ic  and 5-methoxyindoleacet ic  acids (5-HIAA and 5-metOIAA). The an imals  were  decap-  
i tated at night (between 1 and 3 a .m. ,  at the t ime  of g r e a t e s t  act ivi ty  of the pineal  gland) in red light. Pineal  
glands f r o m  two or  th ree  an ima l s  were  pooled for  indoleamine determinat ion.  F luorescence  of the t es t  sub- 
s tances  was m e a s u r e d  on a BIAN f luo rome te r  at wavelengths  of 365 and 470 nm. Weight p a r a m e t e r s  of the, 
pineal  were  de te rmined  at the same  t ime.  

EXPERIMENTAL RESULTS 

The r e s u l t s  showed that  the weight of the pineal  gland is not constant  but v a r i e s  with the season of the 
year .  In winter ,  for  instance,  the weight of the pineal  glands of the r a t s  was 1.61-'0.12 rag, whe reas  in s u m m e r  
it was  1.1=~0.08 mg (P < 0.01). P a r a m e t e r s  of re la t ive  weight of the pineal  glands showed s im i l a r  changes.  

The r e s u l t s  of the b iochemica l  invest igat ion showed (Fig. 1) that  the concentra t ions  of 5-HT, N-AS, and 
MT in the pineal  glands of the r a t s  in winter  were  v i r tual ly  identical. In summer ,  however,  when the longest  
per iod of daylight is  observed,  the N-AS and MT leve ls  fell abrupt ly and pa ra l l e l  with one another  (P < 0.001), 
whe rea s  the 5 -HT concentra t ion in the pineal  gland was inc reased  at this  t ime of the y e a r  (P < 0.01). A dif- 
fe ren t  p ic ture  was obse rved  when the concentra t ion of 5-MOT was studied, fo r  it inc reased  pa ra l l e l  with the 
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