
in act ivi ty  Qf the # -enkepha l ine rg i c  s y s t e m  in the course  of chronic alcoholization,  and these  changes may play 
an impor tan t  role  in the development  of dependence on ethanol. 
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The d i scove ry  of g a m m a - a m i n o b u t y r i c  acids (GABA) and enzymes  of i ts  me tabo l i sm in the walls  of the 
c e r e b r a l  blood v e s s e l s  [4-6] and the d i scovery  of changes in neuroac t ive  amino-ac id  levels  in c e r e b r o v a s c u l a r  
insuff iciency [1, 7] led to the es tab l i shment  of a l ink between elevat ion of the GABA concentra t ion in the brain  
and i ts  v e s s e l s  and manifes ta t ions  of compensa t ion  of d i s turbances  of the c e r e b r a l  hemodynamics .  Another 
bas i s  fo r  this  conclusion was the r e su l t s  of expe r imen t s  [2, 5] which demons t ra ted  the dynamics  of changes in 
concent ra t ions  of neuroac t ive  amino acids in brain  t i s sue s  and ve s se l s  with age and a lso  under  the influence 
of vasoac t ive  drugs .  

The object  of the p re sen t  invest igat ion was to study the effect  of forced  mo to r  act ivi ty  on quanti tat ive 
changes in neuroac t ive  amino-ac id  levels  in the bra in  t i s sue s  of normal  r a t s  and ra t s  with exper imen ta l  d i s -  
tu rbances  of the ce r eb ra l  blood flow. F o r  compar i son ,  changes in neuroac t ive  amino-ac id  levels  a lso  were  in-  
ves t iga ted  in the ce r eb rosp ina l  fluid (CSF) of ca ts .  

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

Exper imen t s  we re  c a r r i e d  out on sexual ly  ma tu re  r a t s  of both sexes  (120 animals)  weighing 180-240 g, 
under  e the r  anes thes ia ,  and on 18 cats  weighing 3-4 kg, under pentobarbi ta l  anes thes ia  (50 m g / k g ,  i n t r a -  
per i toneal ly) .  
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TABLE i. Concentrations (in mg %) of Neuroactive AmIno Acids in Brain Tissues (M • m) 

Experimental 
conditions 

Number 
of ani- 
mals 

GABA 

cortex hypothalamus 

Ghtamic acid A spartic acid 

cortex hypothalamus 

Control 15 10,0+0,8 I 21,5• 21,0• 30,O:h 1,2 
I 

1 h after ligation 
3rd day after tiga- 

Lion 
6th day after liga- 

tion 
Swimming, control 
Swimming from 3rd 

day after ligation 
Swimming from 6th 

day after ligation 

13,5• 23,4:/:0,9" 

13,74-0,6" 30,3• 

12 

21 

cortex hypothalamus 

90,2• 99,5:k 1,7 

38,5• 43,5• 

55,3• 74,6::k 1,2" 

Legend. 

21,0• 

23,4• 1,3" 

18 12,6• 
15 18,2~0,4 

22 13,1• 

18 23,1+_0,3"* 

35,7::k5,1" 
24,7• 

23,5• 

46,7• 

76,4• 
80,4• 

40,1• 1,5"* 

99,0:k2,3"* 

62,7• 
98,8• 

47,5• 

110,0• 

70,5::k0,4" 
24,4• 

21,3• 

30,25• 1,2"* 

25,6• 1,2* 

36,7• 

24,7• 
27,4• 

27,2+ 1,7"* 

32,7• 

*P  < 0.05 compared with control ,  * * P  < 0.05 compared  with swimming only. 

The concentrat ions of neuroactive amino acids were  determined in rat  brain t i ssues  (cortex and hypo- 
thalamus) and cat CSF by e lec t rophores is  on paper  [11]. A disturbance of the cerebra l  circulat ion was p r o -  
duced by unilateral  ligation of a carot id  a r t e ry  in ra ts  and of carot id and ver tebra l  a r t e r ies  simultaneously in 
cats .  Fo rced  motor  activity was induced by swimming car ry ing  a load (5% of body weight fo r  30 min daily for  
3 days) in the case of intact ra ts  and rats  with disturbance of their  cerebra l  blood flow (3 days af ter  a r te r ia l  
ligation). In all the experiments  parallel  determinations were made of the acid-base  balance (ABB) of a r -  
te r ia l  blood on a blood mic roana lyze r  (from Radiometer ,  Denmark) [10]. The resul ts  were subjected to  s t a t i s -  
t ical analysis  by the F i she r -S tuden t  method. 

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

The experiments  showed that af ter  swimming for  3 days definite changes were observed in the neuroac -  
t i re  amino-acid  levels (Table 1). An increase  in the GABA concentrat ion in the cerebra l  cortex of the ra ts  by 
80% (from 10.1 • 0.8 to 18.2 • 0.4 nag %, P < 0.05) will be noted, whereas  the aspar t ic  acid level remained  un- 
changed. Similar  changes also were observed in hypothalamie t issues .  A paral le l  study of ABB in a r te r ia l  blood 
revealed no evident changes in its pa rame te r s .  

The resul ts  suggest  that elevation of the GABA level in the brain during intensive muscu la r  activity could 
be effective. This hypothesis is based also on data [9, 12-14] according to which GABA is a mediator  of in- 
hibition, ~ mad that elevation of its level in the brain prevents  excess ive  excitabili ty of the CNS and the develop- 
ment of a hypoxic state.  This assumption acquires a f i r m e r  basis if the simultaneous fall in the level of glu-  
tamic  adid, an essential  agent in excitation p rocesses  [3], is taken into account. 

The wr i t e r s  showed previously [1, 7] that af ter  brief  (under 30 min) experimental  disturbance of the c e r e -  
bral  blood flow considerable changes are observed in the GABA level in the t issues  and blood vesse l s  of the 
brain. In this connection data showing a combined effect of a longer disturbance of the ce rebra l  blood flow and 
swimming on the neuroaetive amino-ac id  concentrat ions in the brain become highly significant.  

Ligation of a carot id a r t e ry  in rats for  1 h was shown to be accompanied by elevation of the GABA level by 
26.5%, whereas  there  was no significant change in the aspar t ic  acid level. It is an interest ing fact  that on the 
3rd day after  ligation the changes mentioned above not only continued to take place, but were intensified. After  
6 days a tendency was observed for  the GABA concentrat ion in the cerebra l  cortex to re turn  to its initial values,  
whereas  its level in the hypothalamus remained higher  than the control.  

It is evident that elevation of the endogenous GABA concentration and lowering of the glutamic acid level 
during experimental  disturbance of the ce rebra l  blood flow may help to res to re  the disturbed blood supply to the 
affected par t  Of the brain [1]. 

Experiments  to study the effect of the combined action of muscular  activity and experimental  disturbance 
of the cerebra l  blood flow showed that motor  activity leads to a more  marked  change in neuroact ive amino acid 
levels in the brain t issues .  For  instance, whereas  on the 6th day after  ligation of the carot id a r t e ry  the cort ical  
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Fig. 1. Concentrat ions of neuroact ive amino acids 
in the CSF. Unshaded columns - control ,  shaded 
columns - 60 rain af ter  ligation, a) GABA, b) 
glycine,  c) glutamic acid, d) aspar t ic  acid. 

GABA level was 26% higher than the control,  when ligation was combined with muscular  activity its level was 
130% higher than the control (Table 1). A s imi la r  but more moderate  change in the GABA level was observed 
in the hypothalmic region. 

Definite changes were found in the concentrat ions of glutamic and aspart ic  acids: their  levels were ra ised  
on the 6th day af ter  swimming. 

Consequently, the concentrations of the various amino acids studied in rat  brain t issues r i se  during ex- 
per imental  disturbance of the cerebra l  blood flow if tMs is combined with motor  activity. It can be postulated 
that the changes descr ibed above contribute to compensat ion of the hypoxic state of the affected par t  of the 
brain. This is due not only to part icipat ion of neuroact ive amino acids in the functional state of the brain, but 
also to the fact  that they are  s t ruc tura l  e lements  of proteins and are intensively utilized by the brain as an im-  
portant  source  of energy.  

The logical sequel to the resul ts  descr ibed above was to study changes in the amino-ac id  concentrat ion in 
the CSF of animals with a disturbance of the ce rebra l  blood flow, for  CSF is known to contain neuroaetive amino 
acids,  with the exception of GABA [13]. 

The resul ts  of these experiments  indicate that the glutamic acid concentrat ion was highest (3.2 =~ 0.2 mg %) 
in the CSF of the control cats, followed by glycine and aspar t ic  acid (Fig. 1). A fall in the glutamic acid level 
was observed 1 h af ter  a r te r ia l  ligation, whereas  the concentrat ions of aspart ic  acid and glycine rose.  These 
changes in the concentrat ions of neuroact ive amino acids in the CSF were observed more  distinctly 24 h af ter  
ligation. 

The appearance of GABA in the CSF when the ce rebra l  blood flow was disturbed will be noted; its concen-  
trat ion reached 1.7 • 0.2 mg % on the 2nd day af ter  unilateral  ligation of the carot id and ver tebra l  a r t e r i e s .  
Changes descr ibed in the neuroact ive amino-ac id  levels were observed also onthe 3rd-4th day after disturbance of 
the ce rebra l  circulat ion,  but later ,  s tar t ing with the 6th day, a tendency was observed for  their  concentrat ions 
to be res tored .  

It can be concluded f rom the effects of neuroact ive amino acids on the cerebra l  circulat ion during dis-  
turbance of the in t racrania l  hemodynamics that neuroact ive amino acids help to maintain homeostas is  of the 
blood supply of the brain  as a whole, as a single functional unit. 

An essent ia l  fac tor  in the mechanisms of adaptation and compensation of the disturbed cerebra l  blood flow 
is thus an increase  in the concentrat ions of most  neuroact ive amino acids and, in par t icu lar ,  of GABA, in the 
brain t issues and CSF, and an important  role in these mechanisms is played by motor  activity. 
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An essen t i a l  component  in the analgesic  act ion of narco t ic  ana lges ics  is nar rowing  of the a f fe ren t  input 
for  nocicept ive impulses  at  the spinal level .  This act ion is based on the ability of opiates  to enhance depo la r i za -  
t ion of h igh- threshold  spinal  a f ferents  and to inhibit in terneuronal  act ivi ty in laminae  V-VI  of the g ray  ma t t e r  
of the spinal  cord  [3]. 

Changes in the functional s ta te  of neurons  concerned with t r a n s m i s s i o n  of nociceptive informat ion  a t  the 
spinal  level  can be induced not only by opiates and endogenous opioids [6, 10, 11], but a l so  by cer ta in  neu ro -  
t r a n s m i t t e r s :  serotonin  [7, 9], noradrena l in  [9], and g a m m a - a m i n o b u t y r i c  acid (GABA) [1, 12]. 

In this pape r  the effects  of morphine ,  GABA, and serotonin  on function of p r i m a r y  af ferents  and the ana l -  
ges ic  act ivi ty of these subs tances  when injected by the subarac tmoid  route a re  compared .  

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

The effect  of morphine ,  serotonin,  mud GABA was studied on neurons  and synaptic t r a n s m i s s i o n  in p r e p -  
a ra t ions  of i so la ted  spinal  co rd  f r o m  ra t s  aged 9-14 days.  Elee t ro tonic  dorsa l  root  potent ia ls  a r i s ing  during 
superfus ion  of the i so la ted  spinal cord  fo r  30 sec  with solut ions of morphine ,  serotonin ,  or GABA were  r e -  
corded.  To d i scover  whether  the drugs t es ted  act  d i rec t ly  on p r i m a r y  af ferents  or  through spinal  in terneurons ,  
in the exper iments  of s e r i e s  I synaptie t r a n s m i s s i o n  in the spinal  cord  was blocked by superfus ion  with a so lu -  
tion containing an excess  (10 raM) of Mg ++ ions and a deficiency (0.2-0.4 raM) of Ca++ ions.  

The effect  of morphine ,  GABA, and se ro ton in  on synapt ic  t r a n s m i s s i o n  in the spinal  cord  was studied by 
record ing  changes in dorsa l  root  potent ials  evoked by e lec t r i ca l  s t imulat ion of the dorsa l  root  of the neighboring 
segment  (the DR2-DR 1 potential ,  see  d i ag ram in Fig.  1), or  in the o r thodromie  polysynaptic  vent ra l  root  poten-  
tial (DR2-VR1). Both potent ials  were  evoked by s t imulat ion of dorsa l  root  L3 by square  pulses  of cu r ren t  with 
a durat ion of 0.3 msec ,  f requency 0.1 Hz, and intensi ty 8-10 th resho lds .  Potent ia ls  were  der ived  r e spec t ive ly  
f r o m  dorsa l  root  L4 and vent ra l  root  L4. Detai ls  of the technique were  desc r ibed  prev ious ly  [1]. 
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