
The ant is t ressor  effect of diazepam has been explained on the grounds of its effect on the pos i t ive-nega-  
tive reinforcement systems and the antinociceptive systems of the brain [4]. It has now been shown that the 
antinocieeptive effect is not only a mechanism of central analgesia, but also an operant method of self-regula-  
tion and self-protection from the effects of s t ress ,  and it is realized both by a decrease in the intensity of the 
ascending nociceptive flow and by correct ion of the emotional-behavioral response [5]. Characteris t ical ly 
diazepam, through its action on antinociceptive systems,  modulates exclusively the emotional-behavioral colu- 
ponents of the response to s t r e s so r  stimulation and depresses the activity of the negative reinforcement  
systems, while at the same time activating the zones of "positivity" [2]. 
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The role of genetic factors in responses of animals to s t ress  has been established. High reactivity of 
"emotional" BALB/cI mice corre la tes  with lower activity of the benzodiazepine receptors  of the brain. In 
mice of "unemotional" lines (C 57BL/10I, C 57BL/6I) the affinity and density of the benzodiazepine receptors  
are  significantly higher [11]. Differences have been found in the predisposition of rats  of the August, Wistar, 
and Wag lines to emotional s t ress  [7], but within each line animals predisposed and resis tant  to s t ress ,  with 
differences in their  brain biogenic amine metabolism, can be distinguished [4]. Among populations of nonin- 
bred animals (cats, rats,  mice) it is also possible to distinguish groups which differ considerably in their  
response  to a s t ress  situation and in their  sensitivity to psychotropic drugs [2, 6]. 

On the basis of existing data showing the leading role of the brain catecholamine systems in the dynamics 
of the s t ress  reaction [12], it was decided to esthnate the activity of tyrosine hydroxylase (TH) in the brain, 
as a key component in catecholamine biosynthesis, together with behavioral and physical manifestations of 
exposure to chronic s t ress  in rats with different levels of initial emotional and behavioral reactivity.  
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TABLE 1. Indices of Behaviora l  Manifes ta t ions  in Emotional  and Unemotional  Animals  before  
and a f te r  Chronic Emot ional  S t r e s s  (M �9 m) 

Behavioral 
manifestations 

Open field 

Dark chamber with 
openings 

Unfamiliar moving 
object 

Test situation 

Latent period of crossing first 
square, see 

Vertical activity, number of 
standings 

Horizontal activity, number of 
times of crossing squares 

Number of defecations, numbe~ 
of boluses 

No. of acts of grooming 
No. of openings sniffed" 
Latent period of first looking 

out 
No. of standings to look 

out 
Level of anxiety (shown by 

avoid ance -re actions), con- 
j ventional units 

Control testing 

emotional 
rats 

3,7-+t-1,2 

1,6-+0,4 

86,0--+t0,3 

4,3-+0,6 
4,8-+1,7 
1,94-0,3+ 

4,0-+I, 8 "1" 

3,2+0,4"}" 

15,8• 

unemotional 
rats 

6,8-+0,6 

12,7-+I ,8 

64-+5,4 

Testing after stress 

emotional 
rats 

0,9-+0,13 t 

1,8-+0,2 

t74_+12,7t 

unemotional 
ran  

4,7-+0,7 

I6.2-+3,0 

84,74-6,2* 

2,0_+0,3 
I ,8-+0,7 
5,7-+2,0 

7,9 +-2,1 

I2,1-+0,8 

6,7-+1,4 

5 ,7+1 ,6"  
5,6--+2,0" 
Absent 

Absent 

30.3-+7,4T 

l , 6 •  
1 , 9 •  
4,2• 

6,3• 

13,54-2,1 

7,9-+2,7 

*P < 0.05. 
~P < 0.01. 
Legend.  Dif ferences  significant  com pa red  with contro l  tes t ing  for  each group.  

EXPERIMENTAL M E T H O D  

The emotional  and behaviora l  r eac t iv i ty  of 30 noninbred m a l e  r a t s  weighing 250-300 g was tes ted  by the 
method descr ibed  prev ious ly  in expe r imen t s  on "open f ie ld"  type,  in a dark  c h a m b e r  with openings,  and by 
the r e s p o n s e  to an approaching object .  The degree  of e x p r e s s i v e n e s s  of the behaviora l  f ea tu res  was a s s e s s e d  
quanti tat ively and on a point sca le .  The s ignif icance of d i f fe rences  was de te rmined  by the nonpa rame t r i e  U 
c r i t e r i on  [3]. A s ta te  of  chronic  emot ional  s t r e s s  was s imula ted  by prolonged (for 7 days) se lec t ive  depr iva -  
tion of fas t  s leep by "Jouve t ' s  sma l l  a r e a s "  method [8]. Phys ica l  r e s p o n s e s  were  a s s e s s e d  by eotmting the 
number  of ga s t r i c  u l ce r s  and m e a s u r i n g  the body weight and the weight of the adrena l s  and thymus .  F o r  the 
final investigation,  four an imals  were  se lec ted  f rom each group of "emot ional"  and "unemotional"  r a t s ,  with 
the g r e a t e s t  d i f fe rences  in the i r  behaviora l  mani fes ta t ions .  Af te r  exposure  to s t r e s s  for  7 days,  emot ional  
and behav iora l  r eac t iv i ty  was again a s s e s s e d .  The an imals  we re  decapi ta ted 4 h la ter .  S t ruc tu res  of  the 
s t r i a tum and hypothalamus were  i so la ted  on ice.  A 10% homogenate  of the bra in  s t r u c t u r e s  was obtained in 
0.05M T r i s - m a l e a t e  buffer  (pH 6.1), containing 0.2% Tr i ton  X-100. The homogenate  was centr i fuged at  12,000g 
fo r  15 rain and the superna tant  used as  the sou rce  of the enzyme.  TH act ivi ty was de te rmined  f rom the r a t e  
of  fo rmat ion  of the reac t ion  p roduc t  (dopa) f l uo romet r i ca l ly  [13]. The r e su l t s  we re  subjected to s t a t i s t i ca l  
ana lys i s .  

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

The  ma in  indices of  behaviora l  r eac t iv i ty  of  the emot ional  and unemotional  r a t s  a r e  given in Table  1. The 
emot iona l  an imals  d i f fered  by a s ignif icant ly higher  level  o f  hor izonta l  m o t o r  act ivi ty ,  accompanied  by low 
values  of  inves t igat ive  act ivi ty (ver t ical  standing pos tu re s ,  ventur ing into the cen t ra l  zones of the "open field, n 
inves t igat ion of the openings),  by i n c r e a s e d  anxiety (as shown by the reac t ion  of avoidance of fr ightening a c -  
t iv i t ies ) ,  and the intensi ty of v i s c e r a l  mani fes ta t ions  (defecation, ur inat ion) .  The TH act ivi ty  of the emotional  
an imals  was s ignif icant ly h igher  than that  of  the  unemotional  r a t s  (Table 2), e spec ia l ly  in s t r u c t u r e s  of  the 
s t r i a t t tm,  in which it was twice as high (P < 0.01). These  r e su l t s  a r e  in a g r e e m e n t  with data in the  l i t e r a tu r e  
showing that  genet ica l ly  de te rmined  enzyme s y s t e m s  l inked with biogenic amine  m e t a b o l i s m  a r e  r e spons ib le  
fo r  the type of an a n i m a l ' s  emotional  r eac t iv i ty  [10]. 

The  behaviora l  and physica l  d i s tu rbances  produced by s t r e s s  fo r  7 days d i f fered  s ignif icant ly in the an i -  
ma l s  of the two groups ,  No u l ce r s  were  obs e r ved  in the unemotional  r a t s  although edema  and h y p e r e m i a  of 
the  g landular  pa r t  of  the s tomach  were  noted. The weight of the thymus  was reduced  in them by 39% but the 
weight of  the adrena ls  was inc reased  by 21%. The d e c r e a s e  in body weight amounted to 31% of the contro l .  
Many e ros ions  were  found in the g landular  p a r t  of the  s tomach  of the emotional  an imals  and m a r k e d  edema 
and hype remia  of  the mucous  m e m b r a n e  were  p resen t .  In the nonglandular  p a r t s  between two and four  c l e a r l y  
dis t inguishable  defects  were  present ,  consis t ing of ulcer~ m e a s u r i n g  1-2.5 IIllI12 in a r ea .  The weight of  the 
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TABLE 2. Level of TH Activity (nmoles/mg 
protein/15 rain) in Structures of Hypothalamus 
and Striatum in Intact Animals and Anirnals 
Exposed to Chronic Emotional Stress, by 
Groups (M -4- m) 

E m o t i o n a l  rats U n e m o t i o n a l  rats 

Exp~l. 
hypo- hypo- conditions striatum thalamus striatum thalamus 

Control 
After stress 

*P < 0.01. 

0,6804-0,04 0,402• 
2,240~+0,24" 1,881__+0,28" 

I 

0,2964-0,02 0,195• 
1,31~0,11" 0,816+0,03" 

Legend.  Differences  significant  compa red  with 
intact  an imaIs  for  each group.  

adrena l s  was doubled ( increased  by 100%) but the weight of the thymus  was reduced  by 70%. However ,  the 
reduct ion in body weight was l ess  (26% of the control) .  

During behaviora l  tes t ing  the indices of the unemotional  r a t s  did not d i f fer  s ignif icantly f rom the i r  
or iginal  values  (Table 1). The behavior  of the emotional  an imals  di f fered sharp ly  f rom the or ig inal  and 
showed a r a i s ed  level of  psychomotor  excitat ion.  A signif icant  d e c r e a s e  in inves t igat ive  act ivi ty  and an in-  
c r e a s e  in reac t iv i ty  (the latent  per iods  of act ive  act ions were  sharp ly  reduced) were  obse rved  and the avoidance 
reac t ions  became  dist inct ly affect ive in c h a r a c t e r .  The hor izontal  act ivi ty was m o r e  than doubled, indicating a 
high level  of anxiety.  The r a t s  had a tendency to leave the open space  (they jumped on the wall  of the "open 
field~). In the c losed da rk  space  they exhibited exact ly  the s a m e  tendency (the an imals  ran  out of the chamber ) .  

Af te r  chronic  emotional  s t r e s s  TH act ivi ty was s ignif icant ly  i nc reased  in both groups  of an imals  (TaMe 
2)~ TH act ivi ty in the s t r i a tum and hypothalamus of the emotional  r a t s  was inc reased  by 3.8 t imes  and the 
or ig inal  d i f ference  in the levels  of enzyme act ivi ty  in these  p a r t s  of  the bra in  d i sappea red  (P > 0.05). TH 
act ivi ty  in the unemotional  an imals  was inc reased  by 4.2 t i m e s  c o m p a r e d  with the control ,  but in absolute 
values  it r ema ined  much  lower  than in the emotional  r a t s .  A significant d i f ference  r ema ined  between the levels  
of TH activi ty in the hypothalamus and s t r i a tmn  (P < 0.01). 

The significant  i n c r e a s e  d i scovered  in the level  of  TH act ivi ty  a f t e r  chronic  emot ional  s t r e s s  indicates 
intensif ied ea teeholamine  me tabo l i sm  in the hypothalamus and s t r i ah tm,  for  the veloci ty  of the TH reac t ion  
in the synaptosomal  f ract ion re f l ec t s  the genera l  level  of  ea teeho lamine  b iosynthes is  in the bra in  in vivo, and 
a f t e r  depr ivat ion of fas t  s leep  in r a t s  (by J o u v e t ' s  method) a m o r e  rap id  tu rnove r  of noradrena l in  has  been 
demons t ra ted  (by injection of ~f t -noradrenalfa  into the c e r e b r a l  ven t r i c l e s  and es t imat ion  of the r a t e  of its 
me tabo l i sm)  [9]. Recent  invest igat ions  have shown [1] that  the  dopaminerg ie  s y s t e m  of the s t r i a tum p a r t i c i -  
pa tes  in the regulat ion of emotional  behavior .  Act ivat ion of the  dopaminerg ie  subs t ra to  of  the s t r i a tum fae i l i -  
t a les  emot ional  reac t ions  of negat ive c h a r a c t e r  and a g g r e s s i v e n e s s .  A s a r e s u l t  of  the higher  TH act ivi ty  in 
the s t r iaktrn ,  the dopamine level  in th is  s t ruc tu re  was higher  than in the hypothalamus which, bes ides  dopamin-  
erg ic  ne rve  endings,  contains no rad rene rg i e  endings and in which the  noradrena l in  level  is higher  than the 
dopamine level .  Even prolonged (10 days) admin is t ra t ion  of dopaminomimet ie  agents was not accompanied  by 
the development  of t o Ie rance  to the i r  behaviora l  effects  in the r a t s ;  on the con t r a ry ,  t he i r  emotional  r eac t iv i ty  
and a g g r e s s i v e n e s s  were  actual ly  intensit~ed [5]. The sha rp  r i s e  in TH act ivi ty in the emotional  r a t s  in the 
s t r i a tum c o r r e l a t e s  with m a r k e d  act ivat ion of emotional  and m o t o r  reac t iv i ty ,  which m a y  be connected with 
the inadequate compensa to ry  act ivi ty of the r e s t r a in ing  s t r u c t u r e s  of the s t r io -pa l I ida l  sy s t em.  The ad rene rg ic  
sy s t em of the brain,  espec ia l ly  of the hypothalamus,  has the m o s t  d i rec t  re la t ionship  to regula t ion of s t r e s s o r  
reac t ions  of  the animal  and to act ivat ion of the hypophyseo-adrenoeor t i co t roph ic  sy s t em.  In turn,  c o r t i e o -  
s te ro ids  s t imuIa te  ea teeholamine  synthes is  and a c c e l e r a t e  m e d i a t o r  t u rnove r .  During exposure  to prolonged 
and s e v e r e  s t r e s s ,  the m e c h a n i s m s  of  adaptation m a y  co l iapse  as  a r e su l t  of  exhaust ion of the ea techoiamine  
o r  endocrine components ,  and the effects  of  such a co l lapse  a r e  man i fes t ed  m o r e  c l ea r ly  in emot ional  an imals .  
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A C T I V A T I O N  OF M E T A B O L I S M  OF  THE GABA S Y S T E M  IN THE 

C E R E B R A L  H E M I S P H E R E S  BY S T R E S S  F A C T O R S  
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KEY WORDS: GABA-ergic system; metabolism; s t ress  syndrome; 7-hydroxybutyric acid; 
glutamate decarboxylase; GABA-transaminase. 

Emotional and pain-induced s t ress  (EPIB) is known to regularly cause activation of metabolism of the 
brain GABA s ys t em,  which is expressed as a two-threefold increase in glutamate decarboxylase (GDC) and 
GABA transaminase (GABA-T) activity, and also as increased incorporation of labeled precursors  into 
glutamate and GABA [3]. 

The study of the biological significance of this activation revealed that administration of T-hydroxy- 
butyric acid (GHBA), an end product  of GABA, before Elal~ largely prevents activation of the hypophyseo- 
adrenal system [6], the development of gastric ulcers [3-5], and disturbance of myocardial metabolism [4], 
which usually develop after severe E P ~ .  

On the basis of these observations it can be postulated that activation of brain GABA metabolism is a 
nonspecific mechanism which is real ized during the action of various extremal stimuli on the body, and which 
by limiting the s t ress  syndrome, prevents stress-induced injuries. To test  this hypothesis, the basic indices 
of GABA metabolism were compared in this investigation in four groups (series) of animals. 

The experiments of ser ies  I were conducted on Wistar rats  weighing 180-200 g. EPIS was produced by 
the method of Desiderato et al. [4, 10], described previously, in the form of an anxiety neurosis, with a duration 
of 6 h. In the experiments of ser ies  II, conducted on similar rats,  2% formalin solution in a dose of 1 ml was 
injected subcutaneously into the region of the spine at intervals of 24 h for 2 days. Rats not subjected to any 
procedure served as the control to these two ser ies .  The experiments of ser ies  III were carr ied out on rabbits 
in which the descending branch of the left coronary ar tery  was ligated by the usual method [1, 7]. The develop- 
ment of necrosis  was confirmed by the ECG and the results of morphological investigations. The experiments 
of ser ies  IV were conducted on rabbits in which experimental aortic stenosis was created by the method de- 
scribed previously [2], resulting in a reduction of two-thirds in the area of cross  section of the aortic orifice 
and leading to the development of compensatory hyperflmction of the heart.  Animals on which thoraeotomywas 
performed without ligation of the coronary ar tery  and aorta served as the control for ser ies  l/I and IV. 
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