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The  graph of ampli tude of p r e s s o r  r e f l exes  against  logar i thm of KC1 concentra t ion cons is t s  of two S- 
shaped curves .  By analogy with the ref lexogenic  zone of the smal l  intes t ine studied previous ly ,  it is postu-  
la ted that  the f i r s t  b ranch  of the curve ,  in the KC1 concentra t ion  reg ion  f rom 15.6 to 62.5 m m o l e s / l i t e r ,  is  
due to exci tat ion of r e c e p t o r s ,  while the second branch  (62.5-500 m m o l e s / l i t e r )  is due to d i rec t  excitat ion of 
a f ferent  f ibers .  The  threshold KC1 concentra t ion for  in terocept ive  r e f l exes  is 8-10 m m o l e s / l i t e r ,  which is 
the same  as  the threshold concentra t ion of K ions for m e m b r a n e s  of the hear t  and the smal l  intestine.  
Thresho ld  concentra t ions  for  nocicept ive r e f l exes  f rom the t i s sues  of the hind l imb a r e  higher than for  other  
zones. The inc rease  in threshold  to 62.5 m m o l e s / l i t e r  for  the ref lexogenic  zone fa r thes t  f rom the hea r t  is 
r ega rded  as  conf i rmat ion  of the hypothesis  that  s ignals  giving informat ion about nocicept ive s t imuli  a r e  
t r ansmi t t ed  by a flow of synchronized impulses .  

The graph of ampli tude of p r e s s o r  r e f l exes  in r e sponse  to the act ion of po tass ium ions on recep t ive  
zones of the smal l  intest ine and m e m b r a n e s  of the hear t ,  e x p r e s s e d  as concen t r a t i on -  effect  cu rves ,  cons is t s  
of two b ranches  [1, 6]. Ref lexes  to the act ion of po tass ium ions in r e la t ive ly  low concentra t ions  r e f l ec t  exc i -  
tat ion of r e c e p t o r s ,  while those produced by high concentra t ions  r e f l ec t  the i r  act ion on sensi t ive  f ibe r s  [2]. 
More  powerful r e f l exes  (nociceptive) a r e  evidently due to synchronized d i scha rges  of microbundles  of non- 
medul la ted  f ibe r s  [5]. I t  follows f rom this  concept  of the pe r iphera l  mechan i sm of nocicept ive effects  that 
d i scharges  of these  bundles,  synchronized at the point of origin,  m a y  undergo par t ia l  o r  comple te  desyn-  
chronizat ion during conduction of the impulses  to the bra in ,  because  f ibers ,  even of a group serv ing  the 
s a m e  function, differ  in thei r  conduction veloci ty  [8]. Other  conditions being equal, the degree  of desynchro -  
nizat ion m u s t  i nc rea se  with an i nc r ea s e  in the length of the a f fe ren t  f ibe r s  [2, 6, 8]. 

These  considera t ions  suggest  that the threshold  of nocicept ive re f l exes ,  r e f l ec ted  by the threshold  
concentra t ion of the substance concerned,  mus t  depend on the dis tance between the ref lexogenic  zone and the 
spinal cord.  If  this is so, the shor t e r  the a f fe ren t  pathway f rom a given zone to the spinal  cord,  the lower  
the concentra t ion of chemica l  s t imulus  which will be sufficient to evoke a nocicept ive ref lex .  

This  hypothesis  was tes ted  by studying the re la t ionship  between the ampli tude of p r e s s o r  r e f l exes  and 
the po tass ium ion concentra t ion during the act ion of these  ions on the r ecep t ive  zone f a r thes t  away f rom the 
spinal c o r d - t h e  distal  pa r t  of the hind l imb. It  was intended to compa re  the r e su l t s  obtained with the cha r -  
a c t e r i s t i c s  of zones in the intest ine [1, 5] and m e m b r a n e s  of the hear t  [6] studied previous ly .  

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

The p r e s s u r e  in the carot id  a r t e r y  of ca ts  anes the t ized  with ure thane (1.5-2 g/kg) was r e c o r d e d  by a 
m e r c u r y  m a n o m e t e r .  The KC1 concentra t ion was doubled with each s t imulat ion between the range  of 15.6 
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TABLE 1. Quantitative Charac te r i s t i c s  of l>ressor Reflexes in 
Response to the Action of KC1 on Distal Pa r t  of Hind Limb 

Amphmde [ 8 ~  o " Concentra- - ' . . . .  ~ '  
&mplimde tion thres- Amplitude o f  reflexes ] ~  ~Maximurn 

Threshold of threshold hold for [of threshold at concen-]=o ~ E  ~of ampli- 
concentration ~ .. ,noeiceptive noeicer~tive[trations of I ~  /tude of re- renexes tin �9 / r 
( i nmmole~ /  .. , reflexes (in reflexes ( in l500m~ "~ [ ~ e ~ i n  

[h t e r (m '~~ ~ t mm rig) I mmoles / [ mm Hg) " " [ i  "~ ~ . . . .  o ~  ~ m m H  ) 
liter) 1 liter) l mm Hg) ~ g 

_ ~,.~ ~ ~ ~,~ 
A. Perfusion with Ringer-Locke solution 

15,6 
15,6 

t5,6--23,4 
23,4--31,2 
15,6--23,4 

156 
23,4--31,2 
l 5,6--23,4 

I5,6 
15,6 

Mean values 3,8--+ 0,6 

31,2--46,8 
46fi--62,5 
62,5--93,7 
93,7--125 
125--250 
125--250 
125--250 
125--250 
125--250 
125--250 

20 I 41 12 34 
14 26 
16 36 
20 22 
18 18 
10 28 
14 25 
23 26 
40 58 

18,7_+2,6 31,4+3,6 

0,75 
1 
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0,75 

1 
0,175 

1 
0,5 

47 
46 
29 
40 
24 
28 
35 
36 
42 
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38,5_ + 3,2 

B. Injection into anterior tibial artery 

Mean values 

31,2--62,5 
62,5--97,3 
62,5--100 
62,5--125 
62,5---125 
62,5--125 
93,7--125 

26 
14 
54 
22 
17 
58 
20 

30,1 --- 6,8 
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33 

110 
38 
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55,6_+9,9 
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4~ 
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Fig. 1. Reflex responses  of a r te r ia l  p ressu re  and 
respi ra t ion  to stimulation of t issues with KC1 added 
to R i n g e r - L o c k e  solution used to perfuse hind limb 
(A) and curve of concentrat ion against amplitude of 
ref lexes(B) inone experiment of ser ies  I. a) From 
top to bottom: a r te r ia l  pressure ,  respi ra t ion  
marke r ,  of stimulation (30 sec), t ime m a r k e r  (15 
sec), numbers  above m a r k e r  of stimulation show KC1 
concentrat ion (in mmoles / l i t e r ) ;  zero line coincides 
with m a r k e r  of stimulation. B) Ord ina t e -  amplitude 
of ref lexes (in mm Hg); absc i s sa -KC1  concent ra-  
tion (in mmoles / l i t e r ) .  

zso 500 tOO0mmoles/liter 

m m o l e s / l i t e r  and 1 mmole  l i ter .  In experiments on 10 animals (ser ies  I) the t issues of the leg and foot, 
remaining connected with the r e s t  of the body only through the sciatic nerve [7], were perfused w i t h R i n g e r -  
Locke solution (37-38~ Solutions of KC1, in a volume of 2 ml, were injected into the perfusion fluid. Since 
the KC1 solutions thus injected were  diluted, to determine the threshold concentration in the experiments 
of se r ies  II (12 animals) prolonged perfusion was ca r r i ed  out with solutions containing an increased KC1 
concentration. In experiments  of se r ies  III (7 animals),  1 or  2 ml of KC1 solution injected were into t issues 
supplied with blood from the anter ior  tibial a r te ry .  For  this purpose, the a r t e ry  was clamped and KC1 solu-  
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R-L 8,4 ~g8 33,8 56" 

Fig. 2. Reflex responses  of a r te r ia l  p re s su re  and r e -  
spiration during perfusion of hind limb t issues  with 
R i n g e r - L o c k e  solutions enriched with K ions (A) and 
graph showing amplitude of p r e s s o r e  ref lexes as a func- 
tion of KC1 concentrat ion (B). A) From top to bottom: 
a r te r ia l  p ressure ,  respira t ion,  m a r k e r  of stimulation, 
t ime m a r k e r  (5 sec); r emainder  of legend as in Fig. 1A. 
B} Ord ina te -ampl i tude  of ref lexes  (in mm Hg}; absc issa  
(logarithmic scale) - KC1 concentrat ion (in mmoles / l i t e r )  o 
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Fig. 3. Reflex response  of a r t e r i a l  p re s su re  and resp i ra t ion  to 
injection of KC1 into anter ior  tibial a r t e ry  (A) and curve of am-  
plitude of p r e s so r  ref lexes against KC1 concentrat ion (B). A) Or -  
der of curves  as in Fig. 1A. Time marke r  30 sec. B) O r d i n a t e -  
amplitude of ref lexes (in m m  Hg); absc i s s a -KC1  concentrat ion (in 
mmoles / l i t e r ) .  

tion injected against  the blood flow through the peroneal  a r te ry ,  given off distally to the point of occlusion. 
The clamp was then removed.  

EXPERIMENTAL RESULTS AND DISCUSSION 

In all experiments  injection of KC1 solutions into the distal par t  of the limb evoked only p r e s so r  r e -  
flexes. They disappeared after  division of the sciat ic nerve. This resu l t  is in agreement  with those ob- 
tained previously [4, 7]. The points on the curve (Fig. 1B) fall approximately on two S-shaped curves .  By 
analogy with the resu l t s  of experiments  on the reflexogenic zone of the small  intestine [1] it ca~ be postulated 
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that the first of these curves reflects the action of KCI on the tissue receptors of the limb, while the sec- 
ond is the result of direct excitation of afferent fibers. Correspondingly, reflexes in the region of the first 
curve must be regarded as interoeeptive, and those in the region of the second curve as nociceptive (Table 
IA). 

In the 8 experiments of series II, the concentrations adequate to cause the appearance of threshold 
presser reflexes were 8-10 mmoles/liter (Fig. 2A, B), as they were also for the receptive zone of the small 
intestine [I, 5] and membranes of the heart [6]. 

In 8 of the I0 experiments of series I, KCI concentrations at the threshold level for noeiceptive re- 
flexes were higher than 62.5 mmoles/liter, while in 6 experiments they were between 125 and 250 mmoles/ 
liter (Table IA). The correspOnding KCI concentrations for the receptive zone of the small intestine were 
more constant and, significantly, they were between 31.2 and 62.5 mmoles/liter [I, 3]. However, it must be 
borne in mind that isolation of the limb for subsequent perfusion is more prolonged and traumatizing pro- 
oedure than isolation of the small intestine. It requires deeper anesthesia, and this may be related to the 
higher threshold of the nociceptive reflexes. 

The effect of depth of anesthesia is shown by the fact that, during repeated measurements in two ex- 
periments of series I, the thresholds ofthe nociceptive reflexes were reduced. ~ in one case from 125-250 to 
62o5-125 mmoles/liter, and in the second from 125-250 to 62~ mmoles/liter. So as to exclude the in- 
fluence of this factor as far as possible, in the experiments of series Ill the KC1 solutions were injected into 
the anterior tibial artery without isolation and perfusion of the limb (Fig~ 3A, B). Under these conditions 
the threshold KCI concentrations for nociceptive reflexes were lower-between 62.5 and 125 mmoles/liter 
(Table 113). Nevertheless, just as in the experiments of series I, they were higher than the corresponding 
thresholds for receptive zones of the small intestine and membranes of the heart. This confirms the hypo- 
tllesis that threshold concentrations of nociceptive reflexes are dependent on the distance between the re- 
ceptive zone and the spinal cord. 

1. 
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