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A pain syndrome of spinal or igin was induced by crea t ing  a genera tor  of pathologically enhanced 
excitat ion (GPEE) in the dorsa l  horn of the lumbosacra l  segments  of the spinal cord  in ra t s  with 
the aid of tetanus toxin, s t rychnine,  penicillin, KCI, and ouabain. The substances were  applied 
to the dorsa l  surface  of the spinal cord.  An "agar wafer"  method was developed to enable local 
prolonged and dose-dependent  effects  of the substances applied to be produced and studied in 
f ree ly  behaving animals.  The effects  of the inhibitory media tors  were  de termined by the nature 
of the genera tor  produced and, in par t icu lar ,  by the state of the med ia to r - r ecep to r  sys tem of 
the neuronal  membranes  of cel ls  forming in GPEE. Glycine prevented the development of the 
pain syndrome in the case of genera tors  induced with tetanus toxin, penicillin, KC1, and ouabain. 
GABA was effect ive in the case of genera to r s  produced by tetanus toxin, potassium, and ouabain. 
Injection of glycine into the region of a genera tor  produced by tetanus toxin at the height of 
development  of the pain syndrome abolished that syndrome for  the duration of action of the 
mediator .  The pain syndrome could thus be specif ical ly abolished or prevented for the period 
of action of the mediator  by depress ing  the GPEE with the appropr ia te  inhibitory mediators ,  
depending on the nature  of the GPEE, i .e . ,  on the fea tures  distinguishing the state of the media-  
to r  apparatus  of i ts neurons.  Under these conditions inhibitory media tors ,  although not anal-  
gesics  in the pharmacological  sense,  have a specif ic  analgesic effect. 

KEY WORDS: pain syndrome of spinal origin; de terminant  s t ruc ture ;  genera tor  of pathologically 
enhanced excitation; analgesia;  inhibi tory mediators .  

The format ion of genera tors  of pathologically enhanced excitat ion (GPEE) [3, 7], which lie at the basis of 
hyperact ive  determinant  s t ruc tu res ,  in ce r ta in  par t s  of the CNS leads to the appearance of corresponding 
neuropathological  syndromes  [3]. By crea t ing  a GPEE in the nociceptive sys tem,  pain syndromes of central  
origin have been produced: spinal [1, 2, 4], t r igeminal  [2, 6], and thalamic [2, 5]. Since the origin and act ivi ty 
of the GPEE a re  connected to some degree  or other with a dis turbance of inhibitory p rocesses  [3, 7], i t  was 
cons idered  impor tant  to study the effects  of inhibi tory media tors  in these pain syndromes.  

The object  of the presen t  investigation was to study the effects  of glycine and 7 -aminobu ty r i c  acid 
(GABA) in a pain syndrome of spinal or igin induced by a GPEE in the dorsal  horns  of the spinal cord. The 
GPEE was produced by means of various substances,  so that the resul t ing  GPEEs differed in their  pathogenet-  
ic s t ruc tu re .  

EXPERIMENTAL METHOD 

Albino ra t s  weighing 200-250 g were  used. A GPEE was induced ei ther  by d i rec t  disturbance of inhibi-  
tory p r oc e s se s  in the sys tem of dorsa l  horn nuclei with the aid of substances (tetanus toxin, s t rychnine,  peni-  
cillin) disturbing different  types of inhibition [8, 10, 12, 13], or indirect ly  with the aid of substances causing 
depolar izat ion of neurons (potassium ions and ouabain) [14]. An ' aga r  wafer"  method was evolved to produce 
a long-acting effect  of these drugs. The substance for use was added to a warm solution of 1% agar,  carefu l ly  
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TABLE i .  
Nature 

Substance used to 
produce GPEE 

Tetanus toxin 

Strychnine 

Penicillin 

KCI 

Ouabain 

Effects  of Glycine and GABA in Pain Syndromes Induced by GPEEs of Different  

Mediators 

.31ycine 
3ABA 
Zontrol 
91ycine 
GABA 
Control 
G1ycine 
GABA 
Control 
Glu 
GABA 
Control 
Glycine 
GABA 
Control 

Number of 
animals 

6 
5 
5 
6 
5 
5 
6 
6 
5 
5 
5 
5 
5 
5 
5 

Latent period of onset of pain 
syndrome (from time of appli- 
cation of substance), rain 

200-+}-40 
120-++-30 
40.-I-10 
10• 
40_+10 
10-+-5 

Pain syndrome did nor devele 
10-+5 
10-+5 

Pain syndrome did not develc 
n H H n 

40-t-10 
Pain syndrome did not develr 

" ~ 0 - + I 0 "  " 

Degree of depression 
Duration of of pain syndrome 
pain syndrome, during action of 

[ mediator 

17+5" + 3 3  
18___5" §  
2O__.5* 
2-+0,5 

1,5• 3 - -  
2+0,5 

- -  3 3 +  
1 , 5 - + 0 , 5  - -+  

3+0,5 
3 3 +  
+ + 3  

1 , 5 + 0 , 5  
3 3 3  
3 3 +  

1,5+__0,5 

* When tetanus toxin was appl ied  the pain syndrome continued until  death of the animal .  

[ 
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Fig.  1. Effect of g lycine  in jec ted  into p o s t e r i o r  
horns  of lumbar  segments  of sp ina l  cord  on 
pain syndrome  of sp ina l  or igin .  In both p a r t s  
(I and II) of f igure  top curves  a r e  phonograms 
and bottom curves  a c t o g r a m s  r e c o r d e d  at  height 
of development  of pain syndrome of sp ina l  or ig in  
in a r a t  before  (1) and 20 min  af te r  (2) m i c r o -  
in jec t ion  of 20% glycine  solut ion (I) and 8% NaCl 
solut ion (control ,  II), in a dose of 1 .10  -4 ml  for 
each  in jec t ion ,  into p o s t e r i o r  horns  of segments  
L2-L6 on the left  s ide .  Tape winding speed (hor-  
izonta l  line) 3 cm in 5 rain. 

mixed,  and when the agar  had sol id i f ied ,  a wafer  m e a s u r i n g  10 x 4 x 1.5 mm was cut out and appl ied  to the 
d o r s a l  su r face  of segments  L2-L6 of the sp ina l  cord  on one s ide.  To min imize  t r a u m a  the spinal  co rd  was 
exposed only un i l a t e ra l ly .  The following subs tances  were  added to 1 ml  of 1% agar :  1 ml te tanus toxin conta in-  
ing 15-50 MLD for r a t s ,  1 ml  0.1% s t rychnine ,  1 m l  penic i l l in  containing 15,000 units ,  1 ml  75 mM KCI, I ml  
0.5 mM ouabain,  1 ml  20~o glycine,  and 1 ml  1% GABA. Each of these  m e d i a t o r s  was depos i ted  in the agar  
wafer  together  with the agent  inducing GPEE format ion.  I n  one s e r i e s  of expe r imen t s  glycine was in jec ted  
into the d o r s a l  horns  of the same  segmen t s ,  by means  of a m i c r o i n j e c t o r  (20% solution,  in doses  of 1 .10  -4 ml; 
in con t ro l  expe r imen t s  8% NaCI solution,  in a dose equal to an i s o - o s m o t i c  solut ion of g lycine  with the same  
pH, was injected) ,  at  the height of development  of the syndrome.  To allow for the p o s s i b l e  mechan ica l  effect  of 
the aga r  wafe r  on the sp ina l  cord ,  i t  was appl ied  under the same condit ions but without the subs tances .  The 
"agar  wafer"  method,  as  d e s c r i b e d  above,  enables  subs tances  to be appl ied  to the d o r s a l  su r face  in d i f ferent  
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doses ,  the per iod of their  act ion to be lengthened, and the development  of the syndrome to be observed  in 
f r ee ly  behaving animals .  Still and motion pic ture  photographs were  taken, and in some expe r imen t s  an ac to -  
g r a m  and phonogram were  recorded .  

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

The expe r imen ta l  r e s u l t s  a r e  given in Table 1. They show that glycine or GABA, if applied together  
with tetanus toxin, p revented  development  of a pain syndrome during the action of the media tor .  Once it  had 
developed, the pain syndrome then quickly inc reased  and i ts  intensi ty became the s ame  as that in the control  
an imals .  A s e r i e s  of expe r imen t s  showed that micro in jec t ion  of glycine at the height of development  of the 
syndrome induced by a " te tanus"  genera tor  comple te ly  s u p p r e s s e d  the pain syndrome:  The animals  became 
quiet, the a t tacks  of pain d isappeared ,  and application of the s t imulus to the t r i g g e r  zones did not evoke a 
nociceptive r e sponse .  The cl inical  p ic ture  descr ibed  above occu r r ed  only during the action of the media tor ,  
af ter  which manifes ta t ions  of the pain syndrome reappeared .  In the contro l  expe r imen t s  micro in jec t ion  of 
hypertonic  NaC1 solution gave no such effect  (Fig. 1). 

Giycine, if applied together  with s t rychnine,  did not p reven t  development  of the pain syndrome.  GABA 
lengthened the latent per iod of the pain syndrome when applied with s t rychnine ,  but la ter  the syndrome 
inc reased  rapidly ,  to end s imul taneously  with the end of the syndrome in the control  animals .  The duration 
of the act ion of GABA when applied together  with s t rychnine,  incidentally,  was shor te r  than when applied with 
tetanus toxin. 

Glycine, if applied together  with penicill in,  p revented  development  of the pain syndrome:  The syndrome 
complete ly  fai led to appea r ,  evidently because the duration of the effect  of glycine was the s ame  as that of 
penicillin. GABA did not prolong the latent per iod of onset  of the pain syndrome during the action of penicill in,  
but reduced the durat ion of the syndrome  by half. 

The effects  of the m e d i a t o r s  w e r e  s i m i l a r  in type when applied together  with KCI or  ouabain; beth 
med ia to r s  prevented  the development  of the pain syndrome,  and the duration of thei r  act ion evidently coincided 
with the durat ion of act ion of the depolar iz ing agents ,  so that  under  these  conditions the pain syndrome did 
not develop. 

The data given above thus show that  although GPEEs  induced by pha rmaco log ica l  agents  of different  
nature  (disinhibitors and depolar iz ing agents) led to the appearance  of a s im i l a r  s y m p t o m - c o m p l e x  c h a r a c t e r -  
i s t ic  of a pain syndrome of spinal  or igin [1, 2, 4], the action of the inkibi tory m e d i a t o r s  depended on the nature 
of the gene ra to r  produced.  Glycine is  known to cause hyperpolar iza t ion  of the pos tsynapt ic  m e m b r a n e  [9, 12], 
and it  competes  with s t rychnine for  r e c e p t o r s  on the membrane  [11, 16]. Glycine t he re fo re  was not effect ive 
agains t  a GPEE c rea t ed  by s t rychnine.  However ,  i t  was effect ive (preventing the deve lopment  of the pain 
syndrome)  in ca se s  when the development  of GPEE was not accompanied  by blocking of the glycine r e c e p t o r s  
,an the pos tsynapt ic  neuron m e m b r a n e ,  i .e . ,  when the GPEE was produced by means  of tetanus toxin, penicillin, 
KC1, and ouabain. 

GABA was effect ive agains t  " te tanus,"  "potass ium,"  and "ouabain" gene ra to r s  and pa r t l y  effect ive 
agains t  " s t rychn ine"  gene ra to r s ,  i .e . ,  when its  r e c e p t o r s  on the neuron m e m b r a n e  were  not blocked [10, 12, 
13, 15]. However ,  i t  was  also par t ly  effect ive agains t  the "penicil l in" gene ra to r ,  when the GABA r e c e p t o r s  on 
the neuron m e m b r a n e  were  blocked. 

The fac ts  desc r ibed  above show that neurons of the p o s t e r i o r  horn,  belonging to the nocicept ive sys t em,  
a r e  sens i t ive  both to glycine and to GABA, a fac t  which probably  i n c r e a s e s  the re l iab i l i ty  of the inhibitory 
appara tus .  

By depress ing  GPEEs  c rea ted  in the s y s t e m  of nocicept ive sensat ion by inhibitory m e d i a t o r s  i t  i s  thus 
poss ib le  to abol ish  the whole syndrome during the act ion of the media tor .  These  findings ag ree  with the r e su l t s  
of other inves t igat ions  which showed that t r i gemina l  neura lg ia  can be re l i eved  by inject ing glycine into the 
caudal  nucleus of the spinal  t r a c t  of the t r igemina l  nerve,  in the region of location of a GPEE c rea ted  with 
tetanus toxin [6]. Under these conditions inhibi tory med ia to r s  produce an analges ic  effect,  although they a r e  
not ana lges ics  in the pha rmaco log ica l  sense .  Adminis t ra t ion  of GABA and glyeine may  be a valuable method 
of invest igat ing pathogenetic  m e c h a n i s m s  and, in pa r t i cu la r ,  the genera tor  mechan i sms  of cen t ra l  pain, with 
the a im  of invest igat ing the poss ibi l i ty  of i ts  re l ief .  

547 



L I T E R A ~  U R E  C I T E D  

1. V . N .  Grafova and E. I. Danilova, in: P rob lems  in the Genera l  Theory  of Disease .  Collection of Scien- 
tific Works  [in Russian] ,  No. 1, Moscow (1976), pp. 113-116. 

2. G .N .  Kryzhanovsky (G. N. Kryzhanovski i ) ,  in: Advances in Pain R e s e a r c h  and Therapy,  edited by 
J. M. R. Besson et al. ,  Vol. 1, New York (1976), pp. 225-230. 

3. G .N.  Kryzhanovski i ,  Zh. Nevropatol .  Psikhiat . ,  N0. 11, 1730 (1976). 
4. G .N.  Kryzhanovski i ,  V. N. Grafova,  E. I. Danilova, et  al . ,  ByuU. Eksp. Bioi. Med., No. 7, 15 (1974). 
5. G .N .  Kryzhanovski i  and S. I. Igon 'kina,  Byull. Eksp.  Biol. Med., No. 6, 651 (1976). 
6. G .N .  Kryzhanovski i ,  S. I. Igon 'kina,  V. N. Grafova,  et al . ,  ByulI. l~ksp. Biol. Med., No. 11, 16 (1974). 
7. G . N .  Kryzhanovsky (G. N. Kryzhanovski i )  and F. D. Sheikhon, J. Exp. Neurol . ,  50, 387 (1976). 
8. D . R .  Curt is  and W. Z. De Groat ,  Bra in  Res . ,  10, 208 (1968). 
9. D . R .  Curt is  and G. A. R. Johnston, Ergebn.  Physiol . ,  6_~9, 98 (1974). 

10. R . A .  Davidoff, Brain  Res . ,  4.~5, 638 (1972). 
11. J . J .  Dre i fuss  and E. R. Matthews, Bra in  Res . ,  4__55, 599 (1972). 
12. R. Evans,  A. F ranc i s ,  and F. Watkins,  B r a i n R e s . ,  11~8, 395 (1976). 
13. A . A .  Fedinec and R. Shank, J. Neurochem. ,  1...88, 2222 (1971). 
14. R . S .  Lee and W. Klaus, Pharmaco l .  Rev. ,  2.~3, 193 (1971). 
15. E. Rober t s ,  T. N. Chase,  and T. B. Tower  (editors),  GABA in Nervous System Function, New York 

(1976). 
16. A . K .  Tebec i s  and A. Di Maria ,  Bra in  Res . ,  40 ,373 (1972). 
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During exposure  of albino r a t s  to oxygen under a p r e s s u r e  of 4 a tm  for  1 h (the preconvuls ive  
state)  and of 6 a tm  (convulsive state)  an i nc rea se  in the s e r u m  hemoglobin concentra t ion was 
found. The tota l  ion concentrat ion inc reased  a t  the same t ime.  By disc e i ec t ropho re s i s  in 
7.5% po lyac ry lamide  gel, changes in the ra t io  between the hemoglobin f rac t ions  in the s e r u m  
were  found in both s tages  of oxygen poisoning. An inc rease  in the concentra t ion of t r a n s f e r r i n s  
was  found during hyperoxia  under these conditions. If u r e a  was admin i s t e red  to the an imals  
before  the sess ion  of hype rba r i c  oxygenation, the changes observed  were  less  marked .  

KEY WORDS: hyperoxia;  blood s e rum ;  hemoglobin; total iron; t r a n s f e r r i n s .  

Oxygen under i nc reased  p r e s s u r e  (hyperbar ic  oxygenation) is  widely used in medicine and in var ious  
types of occupation. One of the compl ica t ions  encountered during the use of hyperba r i c  oxygenation in cl inical  
p rac t i ce  is  oxygen poisoning. 

The f i r s t  link in the chain of r eac t ions  in oxygen poisoning is the accumulat ion of f r e e - r a d i c a l  and p e r -  
oxide compounds.  Many f ac to r s  cons iderably  potentiate the p r i m a r y  hyperoxic  effect.  In the w r i t e r s '  view, 
the e scape  of hemoglobin f r o m  the e ry th rocy te s  into the blood s e r u m  and i ts  penet ra t ion  into the t i s sues  is one 
such fac tor .  This is because  of the abil i ty of heroin i ron to ca ta lyze  peroxidat ion of lipids [1]. 

In the invest igat ion desc r ibed  below the hemoglobin concentrat ion,  i ts  f rac t iona l  composi t ion,  and the 
total  concentra t ions  of i ron and t r a n s f e r r i n s  we re  studied in the blood s e r u m  of r a t s  exposed to the action of 
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