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Since the sympathicoadrenal  sys tem plays an essent ial  role in the development of s t r e ss  [5], action 
directed toward this stage may be one way of pharmacological  regulation of the s t r e s s  react ion of an animal. 

The aim of the present  investigation was to study the effect of azaperone,  a neuroleptie of the butyrophe-  
none ser ies  on the development of the s t r e s s  react ion in animals in o rder  to examine its s t r e s s -p ro t ee t ive  ef- 
fect. The time course  of development of the general  adaptation syndrome,  with identification of its s tages [9], 
was studied in immobil ized rats .  To analyze changes in the sympathicoadrenal  sys tem under the specified con- 
ditions the concentrat ion of catecholamines (CA) was determined in the adrenals  of the ra ts  and their  u l t ra -  
s t ruc tura l  distr ibution in the s torage vesic les  established. 

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

Experiments  were ca r r i ed  out on male rats  weighing 180 • 30 g. Stress was produced by immobil izing 
the animals in special  f rames  for 30 rain and 1, 2, 3, 4, 16, 24, 48, and 72 h. After  this procedure  the weight 
of the lymphoid organs (thymus and spleen) and of the adrenals  was determined and the presence  of pathologi-  
cal changes (hemorrhages ,  e ros ions ,  u lcers )  in the gas t r ic  mucosa  was looked for. Lipids were demonstra ted 
his tochemical ly  [3] in the adrenal  cortex and the thickness of the lipid layer  was measured.  The concentrat ions 
of adrenalin (A) and noradrenal in  (NA) and the total CA content were determined [2] in the adrenals .  For  e lec-  
t ron -mic roscop ic  study the adrenal medulla was fixed by T r a n z e r ' s  method [8] to enable differentiation be-  
tween cells containing A and NA; the mater ia l  was embedded in Araldite and sections were examined in the 
JEM-100B microscope .  

Azaperone,  obtained from the Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR, 
was injected in t ranmseular ly  in a dose of 3 mg/kg  30 rain before exposure to s t r e s s  and the injections were 
repeated every  4 h throughout the period of immobilization. 

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

Data on the change in weight of the adrenals  and lymphoid organs and in the lipid concentrat ion in the 
adrenal  cortex, and also the resul ts  of est imation of the state of the gas t r ic  mucosa  af ter  immobil izat ion for 
different periods are  given in Table 1. 

Af ter  s h o r t - t e r m  immobil izat ion (30 rain, 1 h) the weight of the adrenals ,  thymus, and spleen of the ani- 
mals and the lipid content in the adrenal  cortex were reduced. In the gas t r ic  mucosa  there were no visible 
changes. These data are  evidence of development of a stage of anxiety by the animals [9]. 

During the next 4 h the adaptive stage of the s t r e s s  react ion was manifested:  the weight of the adrenals 
and of the lymphoid organs  and also the lipid content in the adrenal cortex were fully res tored .  During the next 
20 h the weight of the thymus and the thickness of the lipid layer  were unchanged, moderate  hypertrophy of the 
adrenals  was observed,  with a very  small  decrease  in weight of the spleen, edema, hyperemia,  and hemor -  
rhages in the gas t r i c  mucosa.  
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T A B L E  1. Changes in Weight of Adrenals  and Lymphoid Organs,  in Lipid Concentration in 
Adrenal  Cortex,  and State of Gastr ic  Mucosa after Immobi l i za t ion  for Different  Per iods  

Duration of  
immobol izat ion  

Weight,  % o f  weight  in intact animals 
Thickness of  
lipid layer, 
conventional  
units 

o f  t h y m u s  of  spleen of  adrenals 

Intact animals 100+- 16,6" 100• 17,5 [ 100--8,5 G,3 L 1,t 
137,6+_22,8 rng '~ (199,8• rag) I (4,7• mg) No change 

Control  

State of  o f  gastric mucosa 

30 rain 
l h  
2 h  
3 h  

4 h  
16h 

24 h 
48 h 
72 h 

64,3+__16,1 
78,6__+ 13,4 
75,1+-14,0 
98,9+__27,1 

100,1+-16,5 
103,6• 19,0 

92,5+ 10,0 
56,5+-17,2 
37,4+-6,2 

75,6+- 13,9 
61,3+- 1:3,6 
77,4• 15,6 
76,2+-12,8 

102,0+- 13,0 
71,6+- 13,2 

65,5-4- 12,5 
49,3+-10,3 
36,5+-8,0 

87,2_+- 12,1 
91,5• 
91,5+-+ 19,3 
89,4+- 16,5 

95,7• 
144,7+-15,1 

155,3+ 13,7 
223,4+27,6 
242,6+-29,1 

3,7-- 1,2 
2.8+-{1,9 
3,7+_ 1, l 
4,3~- 1,4 

6,4+- 1,7 
6,0•  

6,2+- 1,5 
1 , 9 + - 0 , 6  
1,0+--0,5 

No change 
The same 
Tile same 
Hyperemia,  single 

hemorrhages 
The same 
Edema,  hyperemia ,  multiple 

hemorrhages 
The same 
Ulcers (1-3,  area 2 + 0.5 mm 2) 
Ulcers (2-4,  area 2.5 ~ + 0.6 mm 2) 

Azaperone  (3 mg/kg) 

3 h  
24 h 
48h 

Legend. 
weight.  

117,1• 
95,8~ 16,4 
76,0• 14,6 

71,2+-9,4 
69,3• 8,1 
45,6+-8,2 

74,5+- 13.7 
128,6-_ 11,7 
125,5~ 14,8 

3,9+-1,0 
4,6+-1,2 
4,8+-1,2 

Single hemorrhages 
Ulcers (1-3 ,  area I + 0 .3  mm 2) 
Slight hyperemia 

*) Confidence l i m i t s  of the mean at P .... 0.05 l eve l ;  ~ ) data calculated per  50 g body 

T A B L E  2. Concentrations of A and NA and 
Total (in ~ of values for intact an imals )  in 
Adrenals  of Rats after Different  Per iods  of 
Immobi l i za t ion  S tress  

Duration o f  Adrenalin Nor- Total 
immobol izat ion  adrenalin ' cateeholamines  

Intact animals 

Control 
3 (~ min 

l h  
2 h  
:3 h 
-I h 

2~ h 
4~h 

Azaperone  (3 mg/kg) 
3 h 

2~h 
.t,~ h 

I O0:_k 15" 
(837-- 

130 #g/g) 

76= I9 
ti8~J I 
72• 12 
61+- lO 
40=:-7 
18-'~-3 
7_-_2 

53_--8 
7=:2 

14--=3 

100.= 18 

= 117ug/g) 

103--21 
94• 16 
91-- 17 
72--_ 12 
77= 12 
27•  
1I+-2 

52~9 
] 7 + - 4  
:3:3 • 6 

1 0 0 - -  12 
(2t7= 

: 2 7  conven- 
tional units) 

88• 15 
74-5-_ 12 
73-= 12 
57--8 
52.-~ 
19--3 
9--2 

53-- 8 
ft :k 2 

19~4 

Legend. *) Confidence l i m i t s  of mean at P 
0.05. 

After  immobi l i za t ion  for 48 h a marked  d e c r e a s e  in weight of the lymphoid organs and in the lipid con-  
centration in the adrenal  cor tex  as wel l  as marked  hypertrophy of the adrenals  were  observed .  In the gas t r i c  
m u c o s a  between  one and three c l ear ly  dist inguishable  u l c e r s  varying in area from 1.5 to 2.5 m m  2 were  found. 
After  longer periods  of s t r e s s  (72 h) these  changes were  more  marked  s t i l l .  Analys i s  of the re su l t s  sugges t s  
that if immobi l i za t ion  las ted  longer than 24 h, the animals '  s t r e s s  react ion changed into a stage of exhaustion.  

Data on changes in the concentrat ions  of A and NA and the total CA content in the adrenals  of the rats  
after different  periods  of i m m o b i l i z a t i o n  are  given in Table 2. The CA content d e c r e a s e d  proport ional ly  to the 
duration of s t r e s s .  The d e c r e a s e  in the A concentrat ion was grea ter  ( e spec ia l ly  during the f i r s t  4 h of i m m o b i l -  
izat ion)  than that of the NA concentration.  S imi lar  changes in concentrat ions  of A and NA in the adrenals  of 
rats  during immobi l i za t ion  have been observed  by other workers  a lso  [6, 7] .  
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Fig. I. Electron-microscopic detection of cells of rat adrenal medulla containing A and NA: 
aoradrenocytes (a) and adrenocytes (b) of intact rat; noradrenoeytes (c) and adrenocytes (d) 
of rat immobilized for 48 h; noradrenocytes (e) and adrenocytes (f) of rat immobilized for 48 
h and receiving azaperone. 18,000• 

The results of electron-microscopic investigation confirmed the biochemical data on the fall in the CA 
level after exposure to stress. For instance, after 48 h of immobilization marked depletion of the A and NA 
reserves could be detected in the storage granules (Fig. la-d). 

The effect of azaperone on the time course of the stress reaction was evaluated during each of the stages 
distinguished above: after 3 h (stage of anxiety), 24 h (stage of resistance), and 48 h (stage of exhaustion). In 
the anxiety stage it was found (Table 1) that the weight of the adrenals, thymus, and spleen and the lipid con- 
centration in the adrenal cortex were unchanged compared with the control. 

In animals receiving azaperone adrenal hypertrophy after immobilization for 24 h was less marked and 
the lipid content in the cortex showed a tendency to fall compared with its level in the control animals. Very 
small ulcers were observed in the gastric mueosa. 

After 48 h of stress in animals receiving azaperone adrenal hypertrophy was even less marked, the thick- 
ness of the lipid layer was increased, and no lesions were present in the gastric mucosa such as were ob- 
served in the control animals. The study of the A and NA concentrations and the total CA content after admin- 
istration of azaperone showed (Table 2) no significant difference after immobilization for 3 h in their levels 
compared with those in the control animals. 

In the stage of resistance (24 h) a more marked fall in the A and NA levels in the adrenals was observed 
after administration of azaperone compared with the control, evidence of increased release of CA from the 
m e d u l a .  

However, a z a p e r o n e  prevented the  d e v e l o p m e n t  of the e x h a u s t i o n  s t a g e  and the decrease in A and NA con-  
tent  c a u s e d  by  e x p o s u r e  to s t r e s s  fo r  48 h, so  tha t  there was a h i g h e r  CA c o n c e n t r a t i o n  in the m e d u l l a  after 
administration of the drug (Table 2). This conclusion also was confirmed by the data of ultrastructural cyto- 
chemistry (Fig. ]e, f). The CA content in this case corresponded to that observed in the control animals in the 
resistance stage. The gastric mucosa showed no pathological ulcers after immobilization for 48 h and admini- 
stration of azaperone, and this also corresponded to its state in the control animals in the resistance stage. 

Analysis of the facts described above suggests that the appearance of ulcers in the gastric mueosa was 
linked with a fall in the CA concentration. This hypothesis is in agreement with results obtained by other 
workers [I, 4]. The data show that after a fall in the CA concentration in the adrenals to about 10% (after 48 h 
of stress) ulcers appeared in the gastric mucosa; if the CA level was higher (about 20% in animals receiving 
azaperone) ulcers were absent. A similar relationship also could be observed after immobilization for 24 h: 
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u lce r s  were  not found when the total CA level  was about 20% ( s t r e s s  without admin is t ra t ion  of azaperone) ;  how- 
ever ,  a f t e r  admin is t ra t ion  of azaperone  and a fall in the CA concentra t ion to about 10%, u l ce r s  were  found in 
the g a s t r i c  mucosa  (Table 1). 

It can be concluded f r o m  these  findings that azaperone  has a s t r e s s - p r o t e c t i v e  action. The intensi ty  of 
this effect  d i f fe rs  in d i f ferent  s tages  of the s t r e s s  react ion.  Admin i s t r a t ion  of azaperone  caused only ve ry  
sl ight  changes in the t ime cour se  of development  of the s tage  of anxiety and r e s i s t ance .  Howeve r ,  the s tage of 
exhaust ion was much l e s s  well marked ,  which sugges ts  that  the phase  of r e s i s t a n c e  is prolonged as a r e su l t  of 
the influence of azaperone .  

1. 
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3. 
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The action of ca rd iac  g lycos ides  (CG) on the c e r e b r a l  blood flow and va scu l a r  tone has been inadequately 
studied and the r e su l t s  a r e  often con t rad ic to ry  [5-7,  9-14] .  The wr i t e r s  showed prev ious ly  [3, 8] that s t rophan-  
thin and celanide i nc r ea s e  c e r e b r a l  va s cu l a r  tone and r a i s e  the genera l  a r t e r i a l  p r e s s u r e  (BP) or  induce a b i -  
phasic  r e sponse  (both cons t r ic t ion  and di la ta t ion) .  

The a im of the p r e s e n t  invest igat ion was to study the action of CG on the t ime course  of changes in the 
c e r e b r a l  blood flow, BP, and venous p r e s s u r e ,  and the oxygen and glucose  concentra t ions  and pH of venous and 
a r t e r i a l  blood in the bra in .  

EXPERIMENTAL METHOD 

Acute expe r imen t s  were  c a r r i e d  out on 32 cats  of both sexes  weighing 2.4-4.3 kg. The animal  was fixed 
to a f r a m e  and the blood v e s s e l s  l igated and cannulated under  e ther  anes thes ia .  La te r ,  to avoid las t ing changes 
in bra in  m e t a b o l i s m  assoc ia ted  with gene ra l  anes thes ia ,  the expe r imen t s  were  continued under  local  procaine  
anes thes ia  of the opera t ion  wound. Stable venti lat ion of the lungs was mainta ined by an a r t i f i c ia l  r e sp i r a t i on  
apparatus with monitoring of pO 2 and pH of the blood. To create optimal conditions of control respiration, 
suceinyl choline was injected intravenously as a muscle relaxant. The volume velocity of the cerebral blood 
flow was recorded by an appropriate instrument [ 1] connected to the common carotid artery. Isolated perfusion 
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