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The blood levels of adrenalin,  noradrenalin,  ACTH, cort isol ,  andinsulin and the ur inary  excretion 
of catecholam[nes were investigated in horses  after  physical exertion and exposure to emotional 
situations. The highest degree of activation of the sympathieo-adrenal  sys tem (SAS) and the pi-  
tu i t a ry -adrenocor t i ca l  sys tem (PACS), accompanied by a fall in the insulin level, was observed 
after  training. A famil iar  emotional situation (the noise of the racetrack)  activated both com-  
ponents of SAS and the PACS. An unfamiliar  emotional situation (electronic music) evoked a 
distinct adrenal response.  Corre la t ion analysis  showed that the initial background level p r e -  
determines  future activation of the sys tems under the influence of powerful stimuli,  Reciprocal  
relat ions between the hormonal and mediator  components of SAS in the background state are  con- 
verted into coordinated activation during training. Activity of one component of SAS regulates 
the degree of activation of the other component. C ros s - co r r e l a t i on  was found between activity 
of SAS and PACS and also between the insulin and catecholamine levels during exposure tophys -  
ical and emotional influences. 
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The functional state of the body in any s t ress  situation and, in part icular ,  during physical  and emotional 
loads, depends on interhormonal  relat ions.  An important  role in the formation of adaptive measurements  in 
the response to these loads is played by the sympathico-adrenal  sys tem (SAS) and the p i tu i ta ry-adrenocor t iea l  
sys tem (PACS), as well as the insular  apparatus [1, 2, 5]. It was decided to analyze the corre la t ion  between 
indices affecting the activity of these sys tems  during physical  and emotional s t r e s s .  The horse was chosen 
as the tes t  object, because muscular  activity is a natural factor  for this animal, making unnecessa ry  any a r -  
tificial selection of loads to which labora tory  animals must  be exposed in experiments .  The high emotional 
react ivi ty of the horse enables the effect of the emotional component and the associated biochemical  changes 
to be easi ly distinguished. The blood adrenalin,  noradrenalin,  ACTH, cort isol ,  and insulin levels and the ur inary  
excretion of eateeholamines were investigated and corre la t ion  between these indices studied in horses  after  
physical  exert ion and exposure to three types of emotional situation. 

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

A group of thoroughbred r ac ingho r se s  was studied. The  model of physical  exertion consisted of t ra in-  
ing exerc ises ,  which were s tereotyped for all animals and lasted 45 rain. Three situations were used to study 
the influence of emotional fac tors .  One was saddling, which precedes  any physical  exert ion and signified the 
beginning of work for the animal. The other two situations were reproduced under experimental  condi t ions .  
Over a period of 40 min each horse listened to a tape recording of the noise of a r acecourse  or  of the sounds 
of e lectronic  music.  The noise of the race t rack ,  familar  to the animals,  can be regarded as a signal of the 
beginning of a routine ser ies  of jumps. Electronic music,  consist ing of unfamiliar  and harsh  combinations of 
sounds, was something which the horses  had never heard before.  
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T A B L E  1. 
T r a i n i n g  and E x p o s u r e  to Sounds 

INumber of Adrenalin, 
Period of investigation ~.nvestiga- ng/ml 

~cions 

Blood A d r e n a l i n ,  N o r a d r e n a l i n ,  ACTH, C o r t t s o l  and Insu l in  L e v e l s  in H o r s e s  a f t e r  

Background 1 22 
After 50 min 22 

Background 
After 10 min 

20 rain 
40 rain 

10 
I0 
10 
10 

12 
12 
12 
12 

Noradrenalin, 
ng/ml 

Training 

I 1,02-+-0,10 0,39-+0, 12 
0,99-+0,06 ] 0,34-+0,07 

Noise of racetrack 
1,22-+0,26 0,33-+0, I1 
1,20-+0,28 0,70-+0,14" 

0,67-+0,08* 0,83-+0,33 

Electronic music 
0,85-+0,16 0,41-+0,19 
0,90-t-0,13 0,35-+0,09 

1,25~0, 16" 0,32-+0,21 

ACTH, Cortisol, Insulin, milli- 
ng/ml ng/ml units/ml 

31,44-4,7 
69,8-+ 14,7* 

26,9-+5,5 
42,8-+8,7 
43,6-+8,7 
43, 1+9,9 

35,2-+6,7 
46,7-+10,5 
46,0-+10,6 
46,6-+9,5 

Background 
After 10 min 

20 min 
40 rain 

* D i f f e r e n c e  s t a t i s t i c a l l y  s i g n i f i c a n t  c o m p a r e d  wi th  b a c k g r o u n d .  

53,3--+5,4 15,0-+1,0 
118,1-+8,8" 12,7• 

46,2-+7,3 16,8-+1,0 
65,2-+10,1 17,2-+2,8 
67,3-+12,6 18,4-t-3,5 
66,0-+7,4 20, 1-+2,9 

59,2+7,7 14,0-+1,4 
74,0-+ 14 ,7  16,3,+-I ,4 
61,2+6,5 14,3-+0,9 
70,3+12,2 17,6_+2,4 
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Fig .  1. E f fec t  of t r a i n i n g  and a c o u s t i c  s t i m u l a t i o n  on u r i n a r y  c a t e c h o l a m i n e  e x c r e t i o n .  
1) b e f o r e  e x p o s u r e ;  2) a f t e r  t r a i n i n g ;  3) 20 m i n  a f t e r  a c o u s t i c  s t i m u l a t i o n ;  4) 40 m i n a f t e r  
a c o u s t i c  s t i m u l a t i o n .  A) A d r e n a l i n ;  NA) n o r a d r e n a l i n ;  DA) d o p a m i n e ;  I) t r a i n i n g ;  II) e l e c -  
t r o n i c  m u s i c ;  II[) no i se  of r a c e t r a c k .  

Blood and u r i n e  w e r e  c o l l e c t e d  by c a t h e t e r s .  The c a t e c h o l a m i n e  l e v e l s  w e r e  d e t e r m i n e d  by f l u o r o m e t r i c  
m e t h o d s  [6, 7]. The  r e m a i n i n g  h o r m o n e s  w e r e  s tud i ed  by r a d i o i m m u n o l o g i c  m e t h o d s ,  us ing  k i t s  f r o m  the f i r m  
"Sor in"  ( F r a n c e )  fo r  ACTH and c o r t i s o l  and the  " D i a - g n o s t "  k i t  (West  G e r m a n y )  f o r  i n su l in .  

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

C o m p a r i s o n  of the r e s u l t s  ob ta ined  du r ing  t r a i n i n g  e x e r c i s e s  wi th  the  b a c k g r o u n d  da ta  (Table  1; F ig .  1) 
showed  m a r k e d  a c t i v a t i o n  of SAS and PACS, a s  r e f l e c t e d  in an  i n c r e a s e  in the  u r i n a r y  e x c r e t i o n  of a d r e n a l i n  
and n o r a d r e n a l i n  and a m a r k e d  r i s e  in the  b l o o d  ACTH and c o r t i s o l  l e v e l s .  The s e r u m  in su l i n  c o n c e n t r a t i o n  
was  l o w e r e d .  A c o m b i n a t i o n  of a l o w e r e d  i n su l i n  l e v e l  and a r a i s e d  c a t e c h o l a m i n e  and c o r t i c o s t e r 0 i d  l e v e l  can  
be  r e g a r d e d  as  a r e g u l a t o r y  m e c h a n i s m  exh ib i t ed  du r ing  p h y s i c a l  e x e r t i o n  and l e a d ing  to i n c r e a s e d  f o r m a t i o n  
of  the  e n e r g y - p r o v i d i n g  s u b s t r a t e ,  g l u c o s e ,  and i t s  supp ly  to the  t i s s u e s .  

Saddl ing  l ed  to a r i s e  in the  blood a d r e n a l i n  c o n c e n t r a t i o n  ( f rom 0.42 •  to 0 .68-0 .04  n g / m l ) .  The o t h e r  
i n d i c e s  w e r e  unchanged .  The  no i se  of the  r a c e t r a c k ,  f a m i l i a r  to the  h o r s e s  and p r e p a r i n g  t h e m  for  the b e g i n -  
ning of j u m p i n g ,  not  only  a c t i v a t e d  the  a d r e n a l  c o r t e x ,  a s  shown by an  i n c r e a s e  in the  a d r e n a l i n  e x c r e t i o n  20 
min  a f t e r  l i s t e n i n g  to the  r e c o r d i n g ,  but  a l s o  c a u s e d  i n c r e a s e d  s e c r e t i o n  of n o r a d r e n a l i n  into the b lood s t r e a m  
a f t e r  10 min .  A d d i t i o n  of the  r e s u l t s  ob t a ined  10, 20, and 40 min  a f t e r  s t i m u l a t i o n  showed a s t a t i s t i c a l l y  s i g -  
n i f i can t  i n c r e a s e  in  the  blood ACTH and c o r t i s o l  l e v e l s  f r o m  26.9 •  to 43.2 •  n g / m l  and f r o m  46.2 •  
to 66.2 ~5 .8  n g / m l  r e s p e c t i v e l y ,  e v i d e n c e  of a c t i v a t i o n  of the  PACS.  E l e c t r o n i c  m u s i c  evoked  a s e n s a t i o n  of 
f e a r  in the  a n i m a l s  and l ed  to i n c r e a s e d  s e c r e t i o n  of the a l a r m  h o r m o n e ,  a d r e n a l i n ,  into the  blooct s t r e a m  at  the  
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Fig. 2. C ros s - co r r e l a t i ons  between indices of SAS, PACS, and blood insulin activity. I) 
Blood insulin activity in various situations; lI) blood adrenalin (A) and noradrenal in (NA) in 
different situations; HI) blood ACTH and eort tsol  (CORT) in different situations, Continuous 
l ines:  s tat is t ical ly significant corre la t ions  (P< 0.05); broken lines; s tat is t ical ly probable cor -  
relat ions (0 .1  > P > 0 , 0 5 ) ;  +) positive, - )  negative corre la t ions .  
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Fig. 3. Corre la t ions  between indices of SAS, PACS, and 
insulin activity. Legend as in Fig. 2. 

40th minute of exposure and to increased excret ion of adrenalin with the urine. Calculation of correla t ions  be- 
tween the indices by Spearman 's  method (Figs. 2 and 3) showed that the initial background level predetermines  
the subsequent level of activation of the system,  as demonstrated by positive corre la t ion  between the background 
noradrenalin,  ACTH, and insulin levels and their  corresponding values during exposure to the stimuli.  The 
degree of subsequent activation after  exposure to moderate ly  strong stimuli also affected the subsequent func- 
tional state of the sys tem during more  prolonged loads. This is shown by positive cor re la t ion  between the 
ACTH level 10 and 20 rain and 20 and 40 min after  the beginning of exposure to the two types of sounds, and 
also between the insulin concentrations 10 and 20 min and 20 and 40 min after  switching on the electronic music.  

Positive corre la t ions  between the adrenal in and noradrenal in concentrat ions during training ref lect  s i -  
multaneous activation of both components of SAS. At r es t  and during weak emotional excitation (saddling) r e -  
lations between the hormonal  and mediator  components are  rec iprocal  in charac ter ,  as shown by the negative 
corre la t ion  between the adrenalin and noradrenal in  concentrat ions.  Consequently, at r e s t  and during weak ex- 
citation increased activity of one component of SAS leads to a compensatory  decrease  in the activity of the other 
component, whereas  during s t ronger  excitation the activity of the two components r i ses  simultaneously [2]. 

It can be concluded f rom the positive corre la t ions  between the background adrenalin concentration and 
the adrenalin and noradrenal in concentrat ions during training and also between the background noradrenal in 
concentration and its concentration during training that background activity of one component of SAS prede-  
termines  the response  of the other component to changes during training. 

The positive corre la t ion  between the ACTH concentrat ion af ter  20 min and cort isol  concentration after  
40 rain of exposure to r ace t r ack  noise indicates that ACTH re lease  precedes  cort isol  secret ion.  These data 

95 



indicate that under  the conditions studied act ivat ion of the PACS takes  place  and negative feedback mechan i sms  
a re  not brought  into play [9]. 

The posi t ive  cor re la t ions  between the ca techolamine concentrat ions on the one hand, and the s imultaneous 
changes in the ACTH and cor t i so l  level  on the o ther  hand, and also data showing that changes in the catechol-  
amine concentra t ions  a re  p receded  by changes in ACTH or  cor t i so l  act ivi ty  shed light on the c h a r a c t e r  of the 
connections between SAS and the PACS under the conditions of physical  and emotional  s t imulat ion studied and 
they conf i rm informat ion  in the l i t e r a tu re  on the role  of blood ca techolamine in regulat ion of the PACS [8]. 
Cor re la t ion  between the cor t i so l  concentra t ion a f te r  exposure  for  10 min to e lec t ronic  mus ic  and the adrenal in  
concentra t ion a f t e r  40 min  ag ree s  with data given in the w r i t e r s '  s u rvey  I4] of the role  of cor t i so l  in adrenal in  
synthes is .  

The pos i t ive  co r re l a t ions  between the concentra t ions  of ca techolamines  and insulin during training and 
acoust ic  s t imulat ion a r e  evidence that  the insu lar  appara tus  pa r t i c ipa tes  in the fo rmat ion  of humora l -ho rmona l  
reac t ions .  The conclusion regard ing  co r re l a t ion  between ca tecbolamines  and insulin is conf i rmed by data in 
the l i t e ra tu re  on the i r  mutual  influence [3, 10]. 
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