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Potassium ions can excite dorsal root fibers~thereby evoking nociceptive reflexes. The 

threshold concentration for this effect, 20 mmoles/liter, is lower than that for the reflexo- 

genic zones of the cardiac membranes and small intestine. The results are regarded as 

confirming the view that nociceptive responses are due to excitation, not of special noci- 

ceptive receptors, but of thin (nonmedullated) fibers directly. 

The results of quantitative investigations of the chemosensitivity of receptive zones of the small in- 
testine, hind limb, and cardiac membranes []-6] led one of the authors (V. M. Kh.) to develop a new hypo- 
thesis concerning the peripheral mechanism of secondary (visceral, deep) pain [4]. Two of the assumptions 
of this hypothesis are fundamental. In contrast to the theory of "specificity" [16], of a "pattern of excitation" 
[!5], and of "control at the input" [12], it is postulated that nociceptive stimuli do not excite special "pain" 
receptors but act directly on nonmedullated fibers. It is also assumed that nociceptive responses arise 
only if a stimulus excites a certain number of these fibers simultaneously, evoking synchronized discharges. 

However, because of dispersion of conduction velocities, the synchronized volley arising in the fibers 
is desynchronized, even in the case of a functionally homogeneous group [8]~ The longer the afferent path- 
way, the higher the degree of desynchronizationo Consequently, the more distant the receptive zone from 
the spinal cord, the greater the threshold intensity of stimulation for the production of nocieeptive reflexes 
(and in particular, the higher the concentration of chemical substances) [5]~ The threshold concentration of 
potassium ions for production of nociceptive reflexes is 62.5-]25 mmoles/liter for the receptive zone of 
the hind limb [6], about 40 mmoles/liter for the small intestine [1-3], and about 30 mmoles/liter for the 
cardiac membranes [5]. 

Results obtained by Calma and Wright [7], according to whom potassium ions, acting on the dorsal root 
of the spinal cord, evoke a pressor reflex in concentrations as low as 18 mmoles/liter, are of interest in 
connection with this hypothesis. The object of the present investigation was to verify this report and to 
determine whether potassium ions can in fact excite dorsal root fibers, and can do so in lower concentrations 
than the threshold for nociceptive reflexes from more distant zones of the spinal cord. 

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

In experiments  on cats anesthetized with urethane (].5-2 g/kg) the spinal cord (L4-S l) was exposed 
and the dorsal  root L? divided and drawn out by means of a l igature through a chamber (Fig. 1) so that the 
divided end of the root  remained outside the chamber.  The holes in the chamber  were sealed hermet ica l ly  
with petroleum jelly. The spinal cord was i r r igated with mineral  oil. 

The action of KC1 solutions whose concentrat ion was doubled for each stimulation (from 15.6 to 500 
mmo!es / l i t e r )  was investigated in 12 experiments .  The KC1 acted only on that part  of the root  which was 
inside the chamber.  The test  substance was r insed out by pass ing R i n g e r -  Locke solution repeatedly 

Labora to ry  of Biophysics of the Cardiovascular  System, Institute of Normal and Pathological Phys io -  
logy, Academy of Medical Sciences of the USSR, Moscow. (Presented by Academician V. N. Chernigovskii.) 
Transla ted f rom Byulleten' Eksper imenta l 'noi  Biologii i Meditsiny, Vol. 69, No. 3, pp. 3-6, March, 1970. 
Original ar t ic le  submitted July 4, 1969. 

�9 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

223 



2 

/ q ,  
i f 

I L/" --..j z ,  ~ / J l  
- - % > :  .... 

Fig. 1. Scheme showing manipulation of do r -  
sal root: 1) dorsal root; P) inner par t  of 
chamber  containing KC1 solution; 3) petroleum 
jelly seals ;  4) holes for dorsal  root; 5) spinal 
cord. 

through the chamber (37~ To obtain a more accurate  
est imate of the special concentration, the action of KC1 was 
investigated in a fur ther  8 animals in concentrations of 
15.6, 23.4, and 31.2 mmoles / l i t e r .  The degree of stimulant 
action was est imated from the change in ar ter ia l  p ressure ,  
recorded  in the carotid a r te ry .  

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

AND D I S C U S S I O N  

As m the experiments of Calma and Wright [7], and 
also in !:hose of Laget and Lundberg [10], potassium ions 
acting on dorsal root fibers evoked exclusively p r e s s e r  
reflexes {Fig. 2A), Reflex excitation of respi ra t ion occur red  
at the same time. These reflexes pers i s ted  relat ively un-  
changed during the action of KC1 but disappeared when it 
was replaced with R i n g e r - L o c k e  solution. 

With an increase  in the KC1 concentrat ion the p r e s s e r  reflexes increased in degree but became less  
stable, dying away while the KC1 was still acting. Nevertheless ,  repeated rinsing of the dorsal  root  was 
necessa ry  to abolish them. 

The curve of concentration against  amplitude of ref lexes in this experiment (Fig. 2B) and the curve 
of mean amplitudes of the reflexes (Fig. 3) lay within the concentration range 15.6-500 mmoles / l i t e r  and 
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Fig, 2, Reflexes affecting ar te r ia l  p r e s su re  and respi ra t ion  during stimulation 
of dorsal  root  L7 with KC1 solution (A) and curve of concentration against ampl i -  
tude of p r e s s e r  ref lexes (B). In A, f rom top to bottom: a r te r ia l  p ressure ,  r e s p i -  
ration, m a r k e r  of st imulation (20 see) and rinsing, t ime m a r k e r  (5 see), Numbers 
above marke r  of st imulation denote KCI concentrat ion (in mmoles / I i t e r ) .  Z e r o  tine 
coincides with m a r k e r  of stimulation, In B: ordinate, amplitude of reflexes (in 
mm HE); abscissa ,  KC1 concentration (in mmoles / l i t e r ) ,  
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TABLE 1. KC1 Concentrations (mmoles) Evoking Threshold Presso~  Nociceptive 
Reflexes, Threshold Pseudoaffeetive Response,  and Threshold Sensation of Pain 
in Man 

Reflexogenie zone 

Dorsal  root 

Cardiac membranes  

Small intestine 

Mesenter ic  nerves  
Distal par t  of hind 

limb 
Proximal  part  of 

hind limb 

Ar te r ies  of various  
organs  

Skin of fo rea rm 

The same 

Test  object 

Cats under u r e -  
thane anesthesia  

Vagotomized cats 
under urethane 
anesthesia 

Cats under twe-  
thane anesthesia 

The same 

Cats under ba rb i -  
turate anesthesia 

Dogs under chlo-  
ra lose  anesthesia  

Man 

The same 

Character  of 
responses  

P r e s s o r  
reflex 

The same 

Pseudoaffec-  
t i re  r e s -  
ponse 

The same 

Sensation of 
pain 

The same 

KC1 con-  
centrat ion 
(in 
m m o l e s /  
l i ter) 

20 

31.2 

3t ,2-62,5 

31,2-62,5 
62,6-125 

47 

125-250 

31.8-45.2 

32 

Li te ra ture  
citation 

P resen t  in- 
vestigation 

[5] 

[2, 4] 

[2, 4] 
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Fig. 3. Relationship between amplitude of 
p r e s s o r  reflexes and KC1 concentrat ion 
(mean resul ts  of 12 experiments) .  Ordi -  
nate, amplitude of reflexes (in mm Hg); 
abscissa ,  KC1 concentration (in m m o l e s /  
l i ter) .  Vert ical  lines denote twice the 
mean e r r o r  of the mean. 

were S-shaped. This charac te r  of the curve suggests  that 
p r e s s o r  ref lexes are produced through excitation, not of 
r ecep tors ,  but of afferent  f ibers  direct ly.  The corresponding 
curves for  the recept ive zones of the hind l imb [6], small  
intestine [1], and cardiac  membranes  [5] have two l imbs,  the 
f i r s t  due to excitation of r ecep to r s  and the second to exci ta-  
tion of afferent f ibers direct ly  [2, 4]. In the dorsal  root,  the 
f i r s t  l imb of the curve is absent, just as it is when KC1 is 
injected into the blood vesse l s  of the mesen te r ic  nerves  [2, 4]. 

In 11 of 20 experiments  threshold ref lexes (mean 
amplitude 3 mm Hg) developed when the KC1 concentration 
was 23.4 mmoles / l i t e r ,  and in 6 experiments  the threshold 
concentrat ion was between 23.4 and 31.2 m m o l e s / I i t e r .  This 
is higher than the threshold concentration of 18 m m o l e s / l i t e r  
found by Calma and Wright [7]. However, they do not state 
the number  of experiments  for  which the concentrat ion was 
determined.  In two of the present  experiments  a concen t ra -  
tion of 15.6 mmole s / l i t e r  was threshold.  In five experiments  
of those included in a group in which the threshold concen-  
t rat ion was 23.4 mmoles / l i t e r ,  the reflexes were  equal to 
or  higher than 5 mm Hg in amplitude, while in one of them 

the threshold reflex attained 12 mm Hg, i.e., in these five experiments the true threshold concentrat ion 
was between 15.6 and 23.4 mmoles / l i t e r .  It can thus be accepted that the KC1 concentrat ion adequate to 
produce threshold p r e s s o r  ref lexes when acting on the dorsal  root  in mos t  exper iments  was 20 m m o l e s /  
l i ter .  
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The poss ib i l i ty  cannot be ruled out, in pr inciple ,  that r e c e p t o r s  sens i t ive  to potass ium ions may be 
p r e sen t  in the dorsa l  root.  However,  the sensi t iv i ty  of t i ssue  r ecep to r s  to po tass ium ions is higher than 
was d i scovered  during their  action on the dorsa l  root .  During per fus ion  of organs  with R i n g e r -  Locke 
solution threshold  p r e s s o r  re f lexes  f rom t i s sue  r e c e p t o r s  excited by po tass ium ions a re  produced at a 
concentrat ion of 7-8 m m o l e s / l i t e r  [14], whereas  during per fus ion  with blood, the excess  of these ions need 
be only 2-4 m m o l e s / l i t e r  [1, 4]. Consequently, the threshold  of excitat ion of the dorsal  root  zone by 
potass ium ions is 2 .5-3 t imes  h igher  than the threshold of excitat ion of t i s sue  r e c e p t o r s .  This sugges ts  
that p r e s s o r  r e f l exes  evoked by po tass ium ions a r e  due to d i rec t  excitat ion of the dorsa l  root  f ibe r s ,  and 
a r e  a r e sponse  to what can be r ega rded  as nocicept ive s t imulat ion.  

The r e su l t s  given in Table  1 show that a gradient  of threshold nocicept ive concentrat ions of po tass ium 
ions ex is t s ,  r i s ing  with inc reas ing  dis tance of the ref lexogenic  zone f rom the spinal  cord .  The ex is tance  of 
this gradient  can be regarded  as indi rec t  conf i rmat ion  of the hypothesis  that the t r a n s m i s s i o n  of informat ion 
concerning noc[cept ive s t imulat ion takes place through impulses  grouped into synchronized vol leys .  

The fact  that a sensat ion of pain a r i s e s  f rom the skin of the human f o r e a r m  in the p re sence  of a 
lower  concentra t ion of po tass ium ions [11, 14] than in exper imen t s  in which these ions a r e  injected into the 
blood ve s se l s  of the hind l imb in an imals  [6, 9, 13] is p robably  explained by the fact  that the i r  recept ion  is 
not influenced by anes thes ia .  
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