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Exper imen t s  on vago tomizedea t s  showed that  the act ion of lact ic  acid  solutions on the ep i -  
c a rd i a l  and p e r i c a r d i a l  re f lexogenie  zones evokes in te rocept ive  and nocicept ive  p r e s s o r  r e -  
f lexes .  The th resho ld  concentra t ion  for in te rocept ive  r e f l exes  is 2 mM and for nocicept ive 
r e f l exes  f rom 3 to 15 mM. 

The re la t ionsh ip  between in te rocept ive  and nocicept ive p r e s s o r  re f lexes  in r e sponse  to the ac t ion of 
p o t a s s i u m  ions and ace ty lchol ine  on the ep i c a r d i um  and p e r i c a r d i u m  of vagotomized an imals  has been 
s tudied p rev ious ly  [4, 8]. In the inves t iga t ion  d e s c r i b e d  below these  re la t ionsh ips  were  s tudied when an-  
o ther  s t imulus  ( lact ic  acid) was used.  This metabol i te  is formed in an i n c r e a s e d  quanti ty in some pathologi-  
cal  condit ions [14] and a lso  during in tens i f ied  ca rd i ac  ac t iv i ty  [6]. 

The main purpose  of the inves t igat ion was to de te rmine  the lac t ic  ac id  concentra t ions  capable  of in-  
ducing in te rocep t ive  and nocicept ive re f lexes  when appl ied  to the e p i c a r d i um  and p e r i c a r d i u m  connected to 
the b r a i n  and sp ina l  cord  only by nerve f ibers  of spinal  or ig in .  

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

Exper iments  were  c a r r i e d  out on 10 cats  anes the t ized  with urethane (1-1.5 g/kg).  Af te r  p r e l i m i n a r y  
vagotomy and appl ica t ion  of a r t i f i c i a l  r e s p i r a t i o n  the a n t e r i o r  p a r t s  of the 5th and 6th left  r ibs  were  r e -  
moved. The p e r i c a r d i u m  was opened and su tured  to the edges of the wound in the ches t  wal l .  The hea r t  
was i r r i g a t e d  with lac t ic  ac id  solutions whose concent ra t ions  ranged f rom 1.5 to 62.5 mM, and whose pH 
values  ranged co r re spond ing ly  f rom 3.35 to 2.5. Af te r  each s t imula t ion  the p e r i e a r d i a l  cavi ty was r insed  
out with 80-100 ml w a r m  R i n g e r ' s  solut ion.  The in te rva l  between succes s ive  s t imula t ions  was about 15 
min. The c h a r a c t e r  and magnitude of the response  were  a s s e s s e d  f rom changes in the p r e s s u r e  in the 
f emora l  a r t e r y .  

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

Appl ica t ion  of lac t ic  acid  in concent ra t ions  of 1.95-62.5 mM to the e p i c a r d i um  and p e r i c a r d i u m  of 
vagotomized  cats  evoked p r e s s o r  r e sponses  which were  abol ished by local  appl icat ion of p roca ine  (Fig.  1A). 
It thus follows that the e levat ion  of the a r t e r i a l  p r e s s u r e  was re f lex  in or ig in .  In one expe r imen t ,  app l i ca -  
t ion of lact ic  acid solut ions in concentra t ions  of 4.8 mM and above,  and in another  exper imen t  in concen t r a -  
t ions of 31.2 mM and above,  led to the development  of d e p r e s s o r  r e f l exes .  However,  these  were  not neuro-  
genic,  because  they p e r s i s t e d  (Fig. 1B) af ter  ex t i rpa t ion  of the s t e l l a t e  ganglia  and intravenous inject ion 
of a t rop ine  (1 mg/kg) .  
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Fig .  1. P r e s s o r  (A) and d e p r e s s o r  (B) r e s p o n s e s  to a p p l i c a t i o n  
of  l a c t i c  a c id  to the  e p i c a r d i u m  and p e r i c a r d i u m .  In A:  1) r e -  
s p o n s e  to a p p l i c a t i o n  of l a c t i c  acid;  2) a b s e n c e  of r e s p o n s e  a f t e r  
p r e l i m i n a r y  i r r i g a t i o n  of  e p i c a r d i u m  and p e r i c a r d i u m  with  p r o -  
ca ine ;  in B: 1) p r e s s o r  r e f l e x  to a c t i o n  of  a r e l a t i v e l y  low c o n -  
c e n t r a t i o n  of  l a c t i c  ac id;  2) d e p r e s s o r  r e f l e x  a f t e r  a p p l i c a t i o n  of 
high c o n c e n t r a t i o n  of l a c t i c  acid;  3) p r e s e r v a t i o n  of  d e p r e s s o r  
e f fec t  a f t e r  i n j ec t i on  of a t rop ine ;  4) d e p r e s s o r  e f fec t  a f t e r  r e -  
m o v a l  of s t e l l a t e  gang l i a .  F r o m  top to bo t tom:  b lood  p r e s s u r e ,  
m a r k e r  of  s t i m u l a t i o n ,  t i m e  m a r k e r  5 s e c ,  z e r o  l ine  of  t i m e  
m a r k e r .  N u m b e r s  deno te  l a c t i c  a c id  c o n c e n t r a t i o n  (in mM).  

F ig .  2. R e l a t i o n s h i p  be tween  a m p l i t u d e  of v a s o m o t o r  r e f l e x e s  
and l a c t i c  a c i d  c o n c e n t r a t i o n .  F r o m  top to bo t tom:  b lood  p r e s -  
s u r e ,  t i m e  m a r k e r  5 s e e ,  z e r o  l ine  of  t i m e  m a r k e r .  N u m b e r s  
b y  a r r o w s  show l a c t i c  a c i d  c o n c e n t r a t i o n  (in mM).  

D e p r e s s o r  r e s p o n s e s  of th is  type  (F ig .  1B) a r e  m o s t  l i k e l y  to be  due to r e s o r p t i o n  of l a c t i c  a c i d  [16] 
and to i ts  v a s o d i l a t o r  ac t ion  [11, 13]. In  K u l a e v ' s  e x p e r i m e n t s  [2] on ca t s  wi th  i n t ac t  b u l b a r  and s p i n a l  
f i b e r s ,  a p p l i c a t i o n  of 0.1-3% a c e t i c  a c i d  so lu t ion . to  the p e r i c a r d i u m  evoked  p r e s s o r  r e f l e x e s  in a l m o s t  
e v e r y  c a s e .  

Judg ing  f r o m  the  changes  in a r t e r i a l  p r e s s u r e ,  t h r e s h o l d  r e f l e x e s  in 7 e x p e r i m e n t s  o c c u r r e d  when 
the l a c t i c  a c i d  c o n c e n t r a t i o n  was  1.95 raM, and in 3 e x p e r i m e n t s  2.92 mM.  

A f t e r  an  i n c r e a s e  in the  l a c t i c  a c i d  c o n c e n t r a t i o n  up to 31.2 mM the a m p l i t u d e  of  the p r e s s o r  r e -  
f l exes  i n c r e a s e d .  Howeve r ,  a f u r t h e r  i n c r e a s e  (up to 62.5 raM) in the a c i d  c o n c e n t r a t i o n  gave  a s m a l l e r  
i n c r e a s e  in a r t e r i a l  p r e s s u r e .  The c o n c e n t r a t i o n - - e f f e c t  c u r v e  now c o n s i s t e d  of  t h r e e  p a r t s  (F ig .  3B).  
The f i r s t  p a r t  of  the  c u r v e  c o r r e s p o n d e d  to r e l a t i v e l y  low c o n c e n t r a t i o n s  of  the  a c i d  and was  gen t l y  s l o p i n g  
in c h a r a c t e r .  In  the  r e g i o n  b e t w e e n  8 and 30 raM, the  a m p l i t u d e  o f  the  r e f l e x e s  i n c r e a s e d  c o n s i d e r a b l y ,  
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Fig.  3. H i s tog ram of s c a t t e r  of th resho lds  of noci -  
ceptive r e sponses  (A) and c o n c e n t r a t i o n - e f f e c t  
graphs  (B). In A: a b s c i s s a ,  lac t ic  acid  concen t r a -  
t ion (in raM) requ i red  to evoke nocicept ive  re f lexes ;  
ord ina te ,  number  of expe r imen t s .  In B: a b s c i s s a ,  
lac t ic  ac id  concent ra t ion  (in mM), o rd ina te ,  degree  
of e levat ion of blood p r e s s u r e  (in mm Hg). 

thus producing a second b ranch  of the concen t ra -  
t i o n - e f f e c t  curve .  Inject ion of ve ry  high concen-  
t ra t ions  of lac t ic  acid  into the p e r i c a r d i a l  cavi ty  
evoked s l ight  va somoto r  r e f l exes ,  and the th i rd  
b ranch  of the curve  was formed.  

All  the expe r imen t s  gave a s i m i l a r  type of 
curve .  However,  the reg ion  where  the second 
b ranch  began v a r i e d  over  a wide range ,  f r om 3 to 
15 mM (Fig.  3A). The s c a t t e r  of the r e s u l t s  in the 
reg ion  of the f lexion of the curve p reven ted  a v e r a g -  
ing of the r e su l t s  of a l l  10 e xpe r i m e n t s .  This was 
poss ib l e  only for 3 expe r imen t s  (Fig.  3B). The 
same  type of curve  was obtained in r e sponse  to 
s t imula t ion  of the spinal  af ferent  s y s t e m  of the 
e p i c a r d i um  and p e r i c a r d i u m  by po t a s s ium ions 
and ace ty lchol ine  [4, 8], and a l so  in r e sponse  to 
the ac t ion of these subs tances  on other ref lexogenic  
zones [1, 9]. 

The f i r s t  p a r t  of the c o n c e n t r a t i o n - e f f e c t  
curve r e l a t e s  to in te rocep t ive  r e f l exes ,  while the 
reg ion  of t r ans i t i on  to the second b ranch  c o r r e s -  
ponds to the th resho ld  of nocicept ive s t imula t ion  [7]. 

It was ,  in fact,  accompanied  not only by changes in the blood p r e s s u r e  but a lso  by o ther  c h a r a c t e r i s -  
t ic  r e sponses  to pain.  Blood taken f rom the caudal  vena cave of a vagotomized an imal  i m m e d i a t e l y  a f te r  
s t imula t ion  of the hea r t  has been shown to exhibi t  a pos i t ive  inotropic  effect  on the f rog ' s  hea r t  pe r fused  
by S t r aub ' s  method, s t a r t i ng  in a concent ra t ion  co r r e spond ing  to the appearance  of the second branch of the 
curve .  In addit ion,  when the s t imula t ing  substance  was appl ied in a concent ra t ion  ve ry  c lose  to the point 
of inflect ion,  potent ia t ion of the e l e c t r i c a l  ac t iv i ty  of the f lexor  musc les  of the left  f o r e l i m b w a s  obse rved  [5]. 

The th re sho ld  concent ra t ions  n e c e s s a r y  for  appea rance  of nocicept ive  r e f l exes  obtained in these  ex-  
pe r imen t s  (3-15 mM or ,  in pH uni ts ,  3.25-2.85),  a g r e e  with those obtained by other  worke r s  [10]. In t he i r  
e x p e r i m e n t s ,  the app l ica t ion  of l ac t ic  ac id  to the base  of a can thar id in  b l i s t e r  gave r i s e  to a sensa t ion  of 
pain in man s t a r t i ng  f rom pH 3.0-4 .0 .  In view of the facts  de sc r ibed  above,  the f i r s t  pa r t  of the concen t ra -  

t i o n - e f f e c t  curve can be r e g a r d e d  as in te rocep t ive ,  and the second pa r t  as nocicept ive .  

A r e  these  th resho ld  concent ra t ions  of l ac t ic  ac id  c lose  to the va r i a t ions  in its concentra t ion  e n c o u n -  
t e r e d  under na tura l  condit ions ? 

Many inves t iga to r s  [12, 14, 15] have obtained evidence that  in a s ta te  of r e l a t ive  r e s t  the blood lact ic  
acid concent ra t ion  is 10-20 mg%. However,  dur ing m u s c u l a r  work ,  m y o c a r d i a l  hyperfunct ion,  and also in 
an i n f l ammato ry  exudate ,  the lac t ic  ac id  concent ra t ion  r i s e s  sha rp ly  to 100-250 mg% [6, 12, 14]. 

The sp ina l  a f fe ren t  s y s t e m  of the ep i ca rd ium and p e r i c a r d i u m  has been found to be highly sens i t ive  
to the act ion of lact ic  acid: in te rocep t ive  re f lexes  appeared  in response  to an i nc rea se  in concent ra t ion  of 
between 2 and 3 mM (or 18 and 27 mg%), while nocicept ive r e f l exes  appeared  at concent ra t ions  of 3-15 mM 
(or 27-135 mg%). Accord ing ly  the f luctuat ions in lac t ic  acid  concent ra t ion  taking p lace  under  na tura l  con- 
dit ions can, in p r inc ip le ,  evoke an in te rocep t ive  and nocicept ive  ref lex .  

It must  be emphas i zed  that  the p r e s s o r  c h a r a c t e r  of the r e f l exes  to lac t ic  acid s t imula t ion  of the 
spinal  af ferent  s y s t e m  of the ep i ca rd ium and p e r i c a r d i u m  is analogous to that of re f lexes  to s t imula t ion  
of the same zones with p o t a s s i u m  ions and ace ty lchol ine .  Meanwhile,  dur ing  lact ic  acid s t imula t ion  the 
p r e s s o r  r e f l exes ,  having reached  the i r  maximum,  d e c r e a s e  r a p i d l y  with a fur ther  i n c r e a s e  in the lac t ic  
ac id  concent ra t ion  (Fig.  3B). A poss ib l e  explanat ion of this  fact is  that many ac ids ,  in high concent ra t ions ,  
have an inhib i tory  act ion on the p e r i p h e r a l  por t ion  of the spinal  af ferent  s y s t e m  [3]. 
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