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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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Fig. 1. Effect  of GABA, serotordn, and morphine on 
polar izat ion of dorsal  roots (a) evoked by dorsal  root  
potentials (b) and polysynaptic ventral  root  potentials 
(c). a) Electrotonic  potentials recorded  during super -  
fusion of spinal cord  by solutions containing GABA (10 -3 
M), serotonin (5 • 10 -8 M), and morphine (10 -8 M), in the 
absence (1, 3, 5) and in the presence  (2, 4, 6) of an ex- 
cess of Mg ++ ions; b) dorsal  root  potentials evoked by 
e lec t r ica l  st imulation of dorsal  roots  of neighboring 
segment  (DRz-DR1) before (1, 3, 5) and during supe r -  
fusion of spinal cord  with solutions of GABA (2), s e r o -  
tonin (4), and morphine (6) in concentrat ions indicated 
above; c) ventral  root  potentials evoked by e lec t r ica l  
s t imulat ion of dorsal  root  of neighboring segments  
(DR2-VR1)before (1, 3, 5) and during superfusion of 
spinal cord  with solutions of GABA (2), serotonin (4), 
and morphine (6). Vert ical  c a l i b r a t i o n -  1 mV (a: 1-4; 
b, c) and 600 #V {a: 5-6). Horizontal calibration 1 min 
(a) and 100 msec (b, c). Upward deviation of curves de-  
notes negativity of proximal electrode.  Diagram on 
right explains relat ions of neurons in neighboring spinal 
cord segments:  DR) dorsal  root,  VR) ventral  root; cells 
shaded black are  neurons of substantia gelatinosa, which 
inhibits the afferent input. 

In the exper iments  of ser ies  If the analgesic activity of morphine,  GABA, and serotonin was compared 
after  their  subaractmoid injection into adult ra ts  of both sexes weighing 150-200 g. The method of gradually 
increasing nociceptive st imulation was used [2]. The painful stimulus was e lect r ical  st imulation of the base 
of the r a t s '  tail by square  pulses of cur rent  with a duration of 10 msec and a frequency of 50 Hz. Thresholds 
of sensit ivity of four components of the behavioral react ion to a nociceptive stimulus were measured:  r e s t -  
lessness  (twitching, changing f rom one limb to another),  turning, squeaking, running. The rat  was then anesthe-  
t ized with e ther  fo r  2 min, during which t ime subaractmoid puncture was ca r r i ed  out at coordinates descr ibed 
in [5] and the test  drug was injected. Different doses of drugs were injected in a constant volume of 0.1 ml. 
After 15-20 min the rate r ecovered  completely f rom the anesthetic,  and 1, 2, and 3 h af ter  the injection the 
thresholds of nociceptive sensation were again measu red  in relation to the same components of the behavioral 
response.  The action of morphine hydrochloride was studied in doses of 0.02, 0.1, 0.3, 0.6, 1, and 2 rag, of 
serotonin creat inine-sulfate  in doses of 0.l and 0.3 mg, of GABA in doses of 0.1, 0.3, and 0.6 nag, and of sodium 
hydroxybutyrate in a dose of 0.6 rag. The action of each dose was studied on 9-12 rats  (the action of morphine 
in doses of 1 and 2 mg was studied on four animals).  The experimental  results  were subjected to stat is t ical  
analysis by the usual methods.  

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

The action of morphine and serotonin in concentrat ions of 10 -5 M and also of GABA (10 -3 M) caused p r i -  
mary  afferent depolarizat ion (Fig. la).  Depolarizat ion induced by morphine and serotoain  developed slowly, de- 
polar izat ion induced by GABA was s t ronger  and developed quickly. The depolarizing effect of GABA and s e r o -  
tonga was completely p re se rved  af ter  synaptic t r ansmiss ion  in the spinal cord  had been blocked by an excess  of 
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Fig. 2. Effect  of subarachnoid  injection of sodium hydroxybutyra te  in a dose of 600 /2g (a), 
GABA in a dose of 600 pg (b), se ro tonin  in a dose of 300 pg (c), and morphine  in doses  of 
100 (d) and 20 pg (e) on th resholds  of four  components  of behaviora l  r e sponse  a r i s ing  in r a t s  
to nociceptive s t imulus .  Mean levels  of th resholds  and  the i r  confidence in te rva ls  (P = 0.05); 
th resho ld  of f i r s t  component  ( r e s t l e s sness )  taken as 1. Absc i s sa ,  t i m e  a f t e r  injection of drug 
(in h). F i r s t  columns - r e s t l e s s n e s s ,  2nd - turning,  3rd - squeaking,  4th - running. 

Mg ++ ions, but the depolar iz ing effect  of morphine under the s ame  conditions d i sappea red  (Fig. la ) .  Conse-  
quently, unlike GABA and serotonin,  morphine induces p r i m a r y  af ferent  depolar iza t ion  indirect ly ,  through spinal  
in terneurons .  Since the level  of p r i m a r y  af ferent  po la r iza t ion  is de te rmined  by act ivi ty  of neurons  of the sub-  
s tant ia  gela t inosa  [12], this sugges ts  that  morphine  depola r izes  p r i m a r y  af ferents  (Fig. la) by excit ing neurons  
of the substant ia  ge la t inosa  [4]. 

Dif ferences  in the m e c h a n i s m s  of the depolar iz ing effect  of morphine  on p r i m a r y  a f fe ren ts ,  on the one 
hand, and of GABA and serotonin  on the other  hand, were  c lea r ly  revea led  by a study of the act ion of these  
drugs on evoked dorsa l  root  potent ials  (DR2-DRI), which, in the exist ing view, a r e  due to excitat ion of cel ls  of 
substant ia  ge la t inosa  [12]. Under the influence of morphine  the dorsa l  root  potential  is i nc reased  whereas  
GABA and sero tonin  supp re s s  it comple te ly  (Fig. ld).  Morphine thus m e r e l y  s t rengthens  depolar iza t ion  in-  
hibition of p r i m a r y  af ferents  due to act ivat ion (during e lec t r i ca l  s t imula t ion  of DR 2) of subs tant ia  ge l s t inosa  
neurons ,  whereas  GABA and serotonin  evoke depolar iza t ion  of cent ra l  t e r m i n a l s  of p r i m a r y  a f fe ren t s .  

By disturbing the functions of p r i m a r y  a f fe ren t  t e r m i n a l s  GABA and sero tonin  s ignif icant ly inhibit o r tho -  
rhombic  polysynapt ic  ven t ra l  root  potent ia ls  (DR2-VRi), evoked by s t imula t ion  of dorsa l  roots  of the neighboring 
segment  (Fig. lc) .  Morphine,  on the other  hand, enhances polysynaptic  vent ra l  root  potent ia ls  (Fig. lc) .  In-  
hibition of polysynapt ic  re f lexes  by morph ine  desc r ibed  by other  w o r k e r s  in cats  in s i tu  is probably  due to s i -  
mul taneous ly  evoked c i r cu la to ry  d i s tu rbances  [8] or  to spec ies  d i f ferences  in the action of morphine .  Po ten-  
t iation of polysynaptic  vent ra l  root  potent ials  of the i so la ted  ra t  spinal cord  (Fig. lc) evidently l ies at the bas is  
of the abil i ty of morphine  to induce t r e m o r  and s e i zu re s  when given by subarachnoid  injection to r a t s  in l a rge  
doses (1-2 mg). 

The abili ty of morphine ,  serotonin ,  and GABA to induce p r i m a r y  af ferent  depolar iza t ion  (Fig. la) p r o -  
vided the bas is  for  a compara t ive  study of the i r  analges ic  p r o p e r t i e s  when given by subarachnoid  injection, fo r  
the two l a t t e r  subs tances  do not pass  through the b lood-bra in  b a r r i e r .  

Subaractmoid injection of 0.9% NaC1, like that  of morphine  in  a dose of 20 pg, into r a t s  (Fig. 2) had no 
analges ic  action. Moreover ,  the applicat ion of nocicept ive s t imul i  to the an imals  and the r epea t ed  exper imen ta l  
s i tuat ion were  accompanied  by a gradual  (after  2 and 3 h) lowering of the levels  of pain sensat ion.  Converse ly ,  
subarachnoid  injection of morphine in a dose of 100 pg (0.5 m g / k g )  signif icantly r a i s e d  the th resho ld  of three  
( r e s t l e s sne s s ,  turning, squeaking) of the four  components  of the behaviora l  r e sponse  evoked by nocicept ive 
s t imula t ion  (Fig. 2). The maximal  analgesic  ef fec t  took place 1 h, but the effect  s t i l l  continued 3 h a f t e r  in j ec -  
tion. Morphine, injected subarachnoidal ly  in a dose of 300 pg, induced r a the r  s t r o n g e r  and more  prolonged 
analges ia ,  but in a dose of 600 pg the analgesic  effect  of morphine was less  m a r k e d  and less  constant than in 
doses  of 300 sad 100 #g. Morphine,  in doses  of i and 2 rag, had a toxic  action,  mani fes ted  as  sc ra tch ing  m o v e -  
men t s ,  flexion of the hind l imb, ca ta lepsy ,  convuIsions,  and death of some  an imals .  

Serotonin caused m arked  analges ia  when given by subarchnoid  injection in a dose of 300 pg, but in a dose 
of 100 pg analges ia  was obse rved  only 1 h a f t e r  injection. The analgesic  effect  of GABA was obse rved  a f t e r  sub-  
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arachnoid injections in a dose of 300 pg, but in a dose of 600 ~g GABA had a powerful and prolonged analgesic 
action (Fig. 2). Sodium hydroxybutyrate,  a s t ruc tura l  analog of GABA in the same dose caused weaker  anal-  
gesia,  comparable  with the effect of morphine in a dose of 100 pg (Fig. 2). 
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EFFECT OF RAUSEDIL AND PYRROXAN ON AUTOMATIC 

CONTROL OF THE CEREBRAL BLOOD FLOW 
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In essent ia l  hypertension the limits of automatic control react ions of the ce rebra l  vesse ls  are  known to be 
shifted toward higher a r te r ia l  p r e s su re  (AP) levels [12, 13]. Under these conditions a rapid fall of AP to the 
normal  level may lead to dis turbances of the ce rebra l  circulat ion.  

It was accordingly decided to study the effect of reserp ine  and pyrroxan on automatic control of the c e r e -  
bral blood flow. No corresponding information about these hypotensive agents could be found in the l i tera ture .  

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

Acute exper iments  were ca r r i ed  out on 20 dogs of both sexes  weighing 8-12 kg. The use of general  anes -  
thetics was avoided because they may change the cha rac te r  of automatic control react ions (ACR) of the cerebra l  
vesse ls  [1, 8], and for  that reason  morphine (1 m g / k g  subcutaneously) was used fo r  general  analgesia and a 
0.25% solution of procaine was used for  local anesthesia,  and listhenon for  immobilization; ar t i f icial  ventilation 
of the lungs was ca r r i ed  out with monitoring of pH and blood gas composition on the AZIV-2 instrument .  The 
oxygen saturat ion of the a r te r ia l  blood was maintained at 96-98% and pH between 7.36 and 7.42. 

The cerebra l  blood flow (CBF) was r eco rded  continuously with an RK~-01 e lect romagnet ic  f lowmeter ,  the 
t r ansducer  of which was located on the ver tebra l  a r t e ry .  The general  AP was recorded  in the common carot id 
a r t e ry  by a me rcu r y  manometer ,  the venous p r e s s u r e  (VP) by a water  manomete r  in the cranial  segment  of 
the jugular  vein. The perfusion p r e s s u r e  (PP) in the main a r t e r i e s  of the brain was determined as the difference 
between AP and VP. 
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