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The character  of changes in the level of 12 s teroids  in peripheral blood plasma of male baboons 
(Papio hamadryas) under conditions of immobilization and surgical s t ress  was determined by 
a radioimmunological method. During s t ress  the concentration of androgens in the blood plasma 
of the monkeys is reduced, whereas the concentration of precursors  of the steroid hormones and 
of hydrocortisone is increased. These changes are opposite in phase to the diurnal rhythm of 
the steroids.  The fall in the levels of testosterone and dihydrotestosterone and the r i se  in the 
concentrations of pregnenolone, 17 a-hydroxypregnenolone, and 17a-hydroxyprogesterone in 
the blood plasma of male baboons exposed to s t ress  were found to be the most objective and 
sensitive cr i ter ia  of the s t ressor  situation. 
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The important role  of corticosteroids of the hydrocortisone type in responses of the animal to s t ressor  
situations is now generally accepted. At the same time, little is known about the hormonal function of the go- 
nads in extremal situations or of the character  of correlation in the changes in the levels of the steroid hor- 
mones and their p recursors .  Most of the data on hormonal reactions in s t ress  have been obtained in experi- 
ments on small laboratory animals which, in the character  of their steroid secretion and metabolism, differ 
significantly from man [3, 9, 10]. 

The baboon Papio hamadryas, in which the character  of steroid secretion and metabolism is very similar 
to that in man [1, 8] was chosen as the experimental model with which to study possible changes in the balance 
of hydrocortisone, androgens, gestagens, estrogens, and their p recursors  during s t ress .  

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

Experiments were carr ied out on eight sexually mature male baboons aged 8-12 years .  Stress was in- 
duced in five animals by immobilizing them in the supine position for 2 h. Blood was taken 10 h before im- 
mobilization, 30 min and 1, 2, 3, 4, and 6 h after the beginning of immobilization, and again 24, 48, and 72 h 
later .  The character  of the change in the peripheral  blood steroid concentration was studied in three baboons 
during surgical s t ress  (the operation of cannulation of the adrenal and testicular veins under barbiturate anes- 
thesia). 

The steroid concentration was determined in two parallel samples of plasma by a radioimmunological 
method [4, 6], adapted for monkey plasma [5, 7]. The following steroids were determined simultaneously in 
the same sample of plasma: progesterone, pregnenolone, 17~-hydroxyprogesterone, 20~-dihydroprogesterone, 
17~-hydroxypregnenolone, estrone, estradiol, dehydroepiandrosterone, androstenedione, testosterone, and 
5 a-dihydr otesto ster one. 

Hydrocortisone was determined by the competitive binding method [11]. The standard curve was plotted, 
the steroid concentration in the plasma samples calculated, and the statistical analysis of the results  carr ied 
out by means of the Elektronika 15-VSM-5 computer, using specially designed programs.  

Laboratory of Biochemistry, Institute of Experimental Pathology and Therapy, Academy of Medical Sci- 
ences of the USSR, Sttkhumi. (Presented by Academician of the Academy of Medical Sciences of the USSR B. A. 
Lapin.) Translated from Byulleten' ]~ksperimental'noi Biologii i Meditsiny, Vol. 85, No. 3, pp. 270-274, March, 
1978. Original art icle submitted May 30, 1977. 
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Fig. 1. Dynamics of concentration of hydrocort i -  
sone and steroid p recurso r s  in plasma of immo- 
bilized monkeys. A) Pregnenolone; B) 17e-hy- 
droxyprogesterone; C) 17e-hydroxypregnenolone; 
D) hydrocortisone. Here and in Figs. 2 and 3: 
abscissa, time after action of s t ressor  (in h); or -  
dinate, hormone concentration (in ng/ml) .  
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Fig. 2. Effect of immobili- 
zation stress on androgen 
concentration in peripheral 
blood of i~__. hamadryas. A) 
Testosterone, B) 5~-dihydro- 
testosterone; C) androstene- 
dione. 

281 



G
o

 

T
A
B
L
E
 

i.
 

m
l;

 
M

+
m

) 
) 

.
.

.
.

.
.

.
.

.
 

, 
" 

T
im

e 
of

.i
nv

es
ti

ga
- 

L 
ti

on
 a

nd
 n

um
be

r o
f 

an
im

al
s 

l 
o 

B
ef

or
e 

op
er

at
io

n 

0=
24

) 

I-
2 

h 
af

te
r 

op
~r

a-
 

ti
 ~ 

= 
9)

 

P 

L
eg

en
d.

 

E
ff

ec
t 

of
 S

ur
gi

ca
l 

S
l~

es
s 

on
 P

er
ip

he
ra

l 
B

lo
od

 P
la

sm
a 

St
er

oi
d 

C
on

ce
nt

ra
ti

on
s 

in
 P

. 
ha

m
ad

ry
as

 (
in

 p
g/

 

yp
ro

ge
s-

 
dr

op
ro

- 
[y

pr
eg

ne
no

- 
t 

~ 
~ 

, [
te

ro
ne

 
ge

st
em

ne
 

[ l
on

e 
;11

 

82
9,

5 

+1
37

,8
 

39
6,

7 

-+
39

,7
 

37
3,

5 

~1
1,

2 

28
9,

0 
8 

78
5,

 0
 

-+
26

,6
 

+-
70

6;
4 

< 

! 

44
7,

8 
! 

6 
10

7,
8 

99
0,

3 
66

4,
8 

72
 6

87
,7

 

__
_+

35
,8 

__
+1

 7
04

 
__

_+
17

4,5
 

--+
53

,9
 

-+
20

 8
07

,0
 

~0
,0

2 
~0

,0
01

 
,~

0,
00

1 
~0

,0
O

l 
~0

,0
0i

 

H
y

d
ro

co
rt

is
o

n
e 

co
n

ce
n

tr
at

io
n

 
g

iv
en

 i
n

 n
gl

ml
. 

52
,4

 

--+
3/

 

33
,4

 

+5
J 

O,
OC

 

20
,1

 

-+
1,

5 

i I 
30

,9
 

-+
-1

,8
 

~0
,0

01
 

i 
i 

o 
o 

7 
81

4,
 O

 

__
_.8

30
 

32
05

4.
3 

+-
84

40
 

<~
0,

C0
1 

g,
 77

7,
3 

+-
-6

3,
5 

3 
73

4,
7 

+4
99

,3
 

~0
,0

01
 

6 
29

0,
1 

+7
24

,3
 

1 
38

8,
9 

~1
71

)5
 

~0
,0

O
 1 

5~
-d
ih
yd
ro
- 

te
st

os
te

ro
ne

 

2 
32

6,
2 

• 1 
66

9,
2 

+1
98

,7
 

<0
,O

l 

t o o o 
o 

32
4 

+-
21

,5
 

74
2,

8 

~+
81

,4
 

,~
O

,O
01

 



A 
2 -  " 

i 

f 0  I I I t I t I I 1 

2 
0 I r I ~ I I r 

ol 

0 I I I ~ I I t 

6 

2 

0 i I ~ I ~ ~ ,  I I. . . .-J 

E 

2 

I 

t I I t I ~ I 1 I I 
0 r7 15 18 21 o 3 S g I2  

Fig. 3. Diurnal  rhy thms  of 
p l a s m a  s te ro id  l eve l s  in 
monkeys:  AI pregnenolone;  
B) 17o~-hydroxypregnenolone; 
C) 17 ~-hydr  oxyproges te r  one; 
D) t es tos te rone ;  E) 5~-d ihydro-  
te sto s te rone .  

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

Since a rad io immunologica l  method enabling the  concen t ra t ions  of the s t e ro id  sex  ho rmones  and the i r  
p r e c u r s o r s  to be de te rmined  s imul taneous ly  was used,  it was poss ib le  to study not only the c h a r a c t e r  of the 
change in the s te ro id  levels  in di f ferent  s t r e s s o r  si tuations,  but a l so  to a s s e s s  to some  extent the d i rec t ion 
of s te ro idogenes i s  in the adrena ls  and t e s t e s .  

Curves  showing changes in the levels  of hydrocor t i sone  and th ree  of  i ts  p r e c u r s o r s  (pregnenolone, 17~- 
hydroxypregnenolone,  and 17(~-hydroxyprogesterone) during immobi l iza t ion  s t r e s s  a r e  given in Fig. 1. They 
show that the concentra t ion of p r e c u r s o r s  in the p l a s m a  inc reased  f r o m  2 to 5 t imes  to r each  a m a x i m u m  3-4 
h a f te r  the beginning (i.e., 1-2 h a f te r  the end) of immobi l iza t ion .  The concentra t ion of p roges t e rone  and its 
metabol i te  (20a-d ihydroproges te rone)  in the blood of  the monkeys  in a s ta te  of s t r e s s  was unchanged. The 
c h a r a c t e r  of the curve  re f lec t ing  the dynamics  of hydroeor t t sone  in s t r e s s  was s im i l a r  with the type of the 
cu rve s  re f lec t ing  the dynamics  of its p r e c u r s o r s .  However ,  the inc rease  in the hydrocor t i sone  .level did not 
exceed  70-8070. The  change in the concentra t ion of the above-ment ioned  s t e ro ids  in the p l a s m a  r e f l e c t s  p r i n c i -  
pa l ly  the p r o c e s s  of s te ro idogenes i s  in the adrena l s ,  for in baboons these  s te ro ids  a r e  s ec r e t ed  mainly  by the 
ad rena l s  [2]. The absence  of change in the p r o g e s t e r o n e  concentra t ion during s t r e s s  sugges ts  that  the inc rease  
in the intensi ty of  hydrocor t i sone  format ion  in this  ease  t akes  p lace  via the AS-pregnenolone-- -17a-hydroxy-  
pregnenolone--~17c~-hydroxyprogesterone pathway and not via the A 4 - p r e g n e n o l o n e - . p r o g e s t e r o n e - - 1 7 a - h y d r o x y -  
p roges t e rone  pathway. 

The  concentra t ion of e s t rogens  (es t radio l  and estrone)  in the blood p l a s m a  of the  ma le  baboons was v i r -  
tual ly  unchanged during the action of the s t r e s s o r ,  By con t ras t  with hydrocor t i sone  and its p r e c u r s o r s ,  the 
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blood concentrat ion of the androgens showed considerable  changes (Fig. 2). The t e s to s t e rone  level,  which fell 
by 60% in the course  of immobi l iza t ion  of the an imals  for 2 h, p roved  to be the mos t  sensi t ive  index. It  con- 
tinued to fall  during the next 4 h a l so ,  when the ma le s  we re  bsck  in their  usual situation. The dec rease  in the 
blood t e s to s t e rone  concentrat ion sti l l  continued 48 h af ter  the end of exposure  to the s t r e s s o r .  The dynamics  
of the p l a sma  d ihydro tes tos te rone  concentrat ion of the monkeys exposed to s t r e s s  repea ted  the dynamics  of 
t es tos te rone ,  although quanti tat ively speaking the changes were  less  s eve re .  

The blood concentrat ion of androstenedione during s t r e s s  fell by a l m o s t  half during immobil izat ion,  af ter  
which its level  r o s e  a l i t t le  and then fell again below i t s  initial value. The androgen level  was r e s t o r e d  2-3 
days af ter  exposure  to s t r e s s .  In one of the exper imenta l  baboons the initial p l a sma  t e s tos te rone  level was 
low (800 p g / m l ) .  In this case  immobi l iza t ion was not accompanied  by a fall in the t e s to s t e rone  level .  The 
inhibitory effect  of s t r e s s  on androgen production was evidently manifes ted  against  the background of an act ive 
functional s ta te  of the p i t u i t a r y - g o n a d s  sys t em.  The change in the concentrat ion of dehydroepiandros terone  
in r e sponse  to s t r e s s  differed in di f ferent  monkeys:  in two animals  it increased  f rom 1074 to 14,174 p g / m l ,  
whereas  in the r e s t  it r em a i ned  unchanged. 

The  study of the dynamics  of the s te ro id  concentrat ion on the day of exposure  to s t r e s s  continued f rom 
10 a .m.  to 4 p .m. ,  and for that  r e a s on  when the r e su l t s  were  analyzed it was n e c e s s a r y  to study physiological  

f luc tua t ions  in the s te ro id  level  assoc ia ted  with the diurnal rhy thm.  

The  diurnal  rhy thms  of those  s te ro ids  which showed the g r ea t e s t  changes during s t r e s s  we re  studied in 
five intact baboons (Fig. 3). The lowest  concentrat ions of pregnenolone,  17a-hydroxypregnenolone,  and 17a-  
hydroxyproges te rone  were  obse rved  between 3 and 6 p .m. ,  whereas  the blood t e s to s t e rone  and 5~-d ihydro tes -  
t o s t e rone  concentrat ions were  increased  during th~s per iod.  It can be concluded f r o m  the cha rac t e r  of the 
cu rves  in Fig. 3, and a lso  of those in Figs .  1 and 2, that changes in the s te ro id  levels  during s t r e s s  a re  not due 
to thei r  diurnal rhy thms  but a r e  in fact  opposite in phase  to them.  Consequently, exposure  to the s t r e s s o r  leads 
to a d is turbance of the diurnal  rhy thms  of the blood p l a sma  s te ro id  concentrat ions.  

The  next e ssen t i a l  step was to a s s e s s  the degree  of specif ici ty of the hormonal  r e sponse  to the s t r e s s o r .  
For  this purpose  the s a m e  s pec t rum  of s t e ro ids  as  above was studied in male  baboons during surgica l  s t r e s s .  
These  exper imen t s  (Table 1) showed that  the pregnenolone,  17c~-hydroxypregnenolone, and 17c~-hydroxyproges- 
t e rone  levels  in the pe r iphe ra l  blood p l a s m a  of the monkeys  increased  by 7, 8, and 3 t imes  respec t ive ly .  During 
surgica l  s t r e s s  an inc rease  was obse rved  also in the concentrat ion of p roges t e rone  and, in par t i cu la r ,  of its 
metabol i te  20a-d ihydroproges te rone .  The p l a sma  es t rogen  concentrat ion in this case  changed in opposite di- 
rec t ions :  the es t rone  level  fell  whereas  the es t rad io l  level  r o s e .  The androgen balance was substantial ly 
changed. The blood t e s tos t e rone  concentra t ion was reduced  by 78%, whereas  the levels  of its p r e c u r s o r s  (de- 
hydroep iandros te rone  and androstenedione) r o s e  sharply .  

Unlike immobi l iza t ion s t r e s s ,  surg ica l  s t r e s s  was accompanied by a ma rked  r i s e  in the p l a sma  hydro-  
cor t i sone  level .  

Hence, r e g a r d l e s s  of the cha rac t e r  of the s t r e s s o r ,  the hormonal  r e sponse  of the male  baboons took the 
f o r m  of elevation of  the blood levels  of hydrocor t i sone  and p r e c u r s o r s  of the s teroid  hormones  and a fall in 
the concentrat ion of androgens ( tes tos terone  and 5a-d ihydro tes tos te rone) .  However,  during surgica l  s t r e s s  
these  changes were  much more  marked  and affected the A t pathway of s te ro id  synthesis  as well as the p ro ce s s  
of es t rogen format ion .  

During evaluation of s t r e s s o r  r eac t ions  in males ,  changes in the blood levels  of p r e c u r s o r s  of the s teroid  
hormones  and androgens a re  the m o s t  sens i t ive  and object ive c r i te r ion .  
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EFFECT OF PERIOD 

OF EXPERIMENTAL 

IN THE MOUNTAINS 

A. Kadyr alley 

OF ADAPTATION ON THE COURSE 

HEART FAILURE AT HIGH ALTITUDES 

UDC 616.12-008.46-092.9 : 613.12(23.03) 

Data on the state of compensatory hyperfunction of the circulation and respirati~ in animals 
with varied degrees of mitral incompetence are given in relation to the periods of adaptation 
te high-altitude hypoxia in the mountains. In unadapted animals with mitral incompetence more 
severe disturbances of the hemodynamics and gas exchange were found, accompanied by con- 
gestion in the pulmonary and systemic circulatory systems. During the first day after forma- 
tion of the lesion 52.9% of the animals died. In animals adapted to high-altitude hypoxia the 
disturbances of the circulation and respiration were milder and only 28.6% of the animals died. 

KEY WORDS: adaptation; mitral incompetence; compensatory hyperfunction. 

Despi te  many clinical and exper imenta l  studies of  c i r cu la to ry  fa i lure ,  few such invest igat ions have been 
undertaken under high mountain conditions. Most of these  observa t ions  have been made in cases  of combined, 
decompensa ted  card iac  defects  [5, 7, 9, 11]. Under the c l imat ic  conditions of the Tyan ' -Shan '  Mountains va l -  
vular  d i sease  of the hear t  accounts for a high propor t ion  of d i seases  of the ca rd iovascu la r  s y s t e m  [1, 6]. Ac-  
cording to the s ta t i s t i cs  [2], about 70% of all  valvular  les ions of the hear t  affect  the  m i t r a l  valve.  

Hence the urgency of the study of the functions of the ca rd iovascu la r  and r e s p i r a t o r y  s y s t e m s  in an ima l s  
with mi t r a l  incompetence under ex t r em a l  mountain conditions. 

The  object of this investigation was to study the degree  of compensa tory  hyperfunct ion of the hear t  de-  
veloping af ter  meas u red  r e sec t ion  of the m i t r a l  valve in an imals  depending on the pe r iods  of s tay in the moun-  
tains and to de te rmine  any specia l  f ea tu res  of the course  of hea r t  fa i lure  under the conditions of high-alt i tude 
hypoxia. 

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

Exper imen t s  were  c a r r i e d  out on mongre l  dogs of  both sexes  weighing 17-30 kg. In the exper imen t s  of 
s e r i e s  I (17 dogs) mi t r a l  incompetence was produced by surg ica l  operat ion on the 2nd-4th day af ter  the ascent  
f r o m  the city of Frunze  (760 m above sea level) to the Tuya-Ashu  P a s s  (3200 m above sea level).  In s e r i e s  II  
(14 dogs) mi t r a l  incompetence was produced af ter  p r e l i m i n a r y  adaptation for 60 days to an alt i tude of 3200 m 
above sea level .  Measured  mi t r a l  incompetence (10-15% of the to ta l  a rea)  was produced by the method sug- 
ges ted  by Chechulin and Bobkov [10]. Function t e s t s  were  c a r r i e d  out on the an imals  before  and for 30-60 days 
af ter  the operat ion,  The  gas exchange was de te rmined  by the open method, hemodynamic  indices by the dye 
method in the w r i t e r ' s  modification for chronic expe r imen t s  [4], and the venous p r e s s u r e  in the l e s s e r  saphe-  
nous vein in the leg was m e a s u r e d  by Waldman 's  appara tus .  Phase  analys is  of lef t  ven t r icu la r  systole  was 
c a r r i e d  out by acce le ra t ion  k inetocardiography [8], with synchronous record ing  of the ECG by the ]~lkar appa-  
r a tus .  The calculat ions and s ta t i s t i ca l  ana lys is  of the r e su l t s  were  ca r r i ed  out by the I s k r a - l l 2  and Mir -1  
compute r s .  
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