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The sens i t iv i ty  of i n t e r o c e p t o r s  of the s m a l l  in tes t ine  to i n t r a a r t e r i a l  in ject ions  of KC1 and 
l ac t i c  (LA) and c i t r i c  (CA) ac ids  was inves t iga ted  in ca ts  anes the t i zed  with urethane.  T h r e s h -  
old doses  s t imulat ing:  the r e c e p t o r s  of the sma l l  in tes t ine  were  54 ~6 ~ g / g  for  KC1, 16 • 
1 ~ g / g  for  LA, and 8.2 �9 0.9 ~ g / g  for  CA. Under  the influence of po t a s s ium ions the t h r e s h -  
olds were  reduced[ to  8 �9 1 ~ g / g  for  LA and 6.0 �9 0.6 ~ g / g  for  CA. 

Investigations [i, 3-5] have shown that potasstium ions and certain organic acids (lactic, citric) stim- 
ulate tissue receptors in doses corresponding to their concentrations under natural conditions. 

On the basis of the published evidence [2, 8-16] that the concentration both of lactic (LA) and citric 
(CA) acids and of potassium ions rises simultaneously in blood flowing from a working organ, an investiga- 
tion was carried out to discover the direction in which the sensitivity of the tissue receptors changes during 
the combined adminstration of these metabolites. 

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

Expe r imen t s  we re  c a r r i e d  out on 52 cats  anes the t i zed  with ure thane  (1-1.2 g /kg ) .  A loop of s m a l l  
in tes t ine  with i ts  innervat ion  and blood supply intact  was p laced  in a c o n s t a n t - t e m p e r a t u r e  bath f i l led  with 
w a r m  (37-38~ R i n g e r - L o c k e  solution.  Solutions of LA in a dilution of 3.9-125 mM, CA in a dilution of 
0.97-62.5 mM (in a volume of 0.2 ml), and KC1 in a concent ra t ion  of 22.4 and 16.8 mM (in a volume of 0 .5-  
1 ml) w e r e  in jec ted  into the  cen t ra l  end of one of the s m a l l  in tes t ina l  a r t e r i e s  at a d i s tance  of not more  than 
10 mm f rom the bowel wal l .  

Afferent  impu l ses  we re  r e c o r d e d  in the p e r i p h e r a l  segments  of the in tes t ina l  ne rves  by means of b i -  
p o l a r  s i l v e r  e l ec t rodes ,  a cathode fol lower ,  and an ampl i f i e r  with a t r a n s m i s s i o n  band of 75-2000 Hz and 
photographed f rom the s c r e e n  of a c a t h o d e - r a y  osc i l loscope .  The r e s u l t s  were  subjec ted  to s t a t i s t i c a l  
ana lys i s .  

EXPERIMENTAL RESULTS AND DISCUSSION 

The sensitivity of the interoceptors of the small intestine to LA and its change under the influence of 

potassium ions was studied in 25 animals (54 segments of small intestine). 

After injection of 70 ~g LA (0.2 ml, 3.9 mM) a very slight increase in the intensity of the afferent 

impulse activity was observed in only five of the 16 cases. Injection of 140 #g (0.2 ml, 7.8 mM) produced an 
effect in 68% of the 63 cases. The mean threshold dose of LA stimulating the interoceptors of the small 
intestine was 16~=i #g rather less than described earlier [3]. 
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Fig. 1. Afferent impulse activity in intestinal nerves evoked by LA before (1) 
and after (2) injection of KCI (1 ml, 16.8 raM), A, B, C) records of three ex- 
periments. Concentrations of LA: 3.9 (A), 7.8 (]3), 31.2 (C) raM. From top 
to bottom: afferent impulse activity, marker of injection of acid. Calibration: 
vertical line - 20 ~V, horizontal line - 200 msec (in A) and 500 msec (in B, C). 

Fig. 2. Change in spike frequency in intestinal nerves produced by injection of 
LA (A) and CA (}3) before (1) and after (2) injections of KCl solution. Abscissa, 
concentrations of acid solutions (in mM); ordinate, n-n0, where n and n o repre- 
sent number of spikes per second during development of maximal effect and 
before injection of agents, respectively. Vertical lines show mean error (• m) 
of the means (M). 

The data in the l i tera ture  on the sensitivity of the receptors  of the small  intestine to potass ium ions 
were obtained by perfusion of the organ [1]. The response of the blood p res su re  served as a measure  of 
excitation of the receptors .  The threshold concentration, of KC1 injected into the perfusion fluid in a volume 
of 1 ml was found to be 15.6 mM. In the present  ser ies  experiments on 12 cats (21 segments of small  in- 
testine) showed that the threshold dose of KC1 inducing excitation of the receptors  of the small  intestine 
when injected direct ly into the blood is 330 ~g (0.2 ml, 22.4 mM). The flow of afferent impulses was in- 
c reased  in 62% of 24 cases.  The threshold concentrat ions of KC1 for receptors  of the small  intestine found 
in these experiments agree with those determined previously [1]. Expressed per  g ram t issue  weight the 
mean threshold dose of KC1 was 54 • ~g/g.  

The next ser ies  of experiments showed that after  injection of doses of KC1 which by themselves  did 
not cause visible changes in the flow of afferent impulses,  the sensitivity of the receptors  to LA was modi- 
fied. After  injection of KC1 in a concentration of 16.8 mM, for instance, the flow of impulses in response 
to injection of 70 ~g LA (0.2 ml, 3.9 mM) was now increased in nine, and not five, of the sixteen injections, 
i.e., in 56% of cases;  the effect i tself  on the frequency and amplitude of the spikes was greater .  After  injec-  
tion of 1 ml KC1 in a concentration of 16.8 mM a previously ineffective dose of LA (Fig. 1A, t r ace  1) now 
led to increased afferent activity in the same segment of the small  intestine (Fig. 1A, t r ace  2). The response 
of the receptors  to injection of large doses of LA also was considerably increased by potass ium ions (Fig. 
1B, C). Graphs showing changes in the frequency of spikes generated under the influence of LA solutions 
of different concentrations before and after injection of 1 ml KC1 are shown in Fig. 2A. It is c lear  that after  
p re l iminary  injections of KC1 the intensity of the bioelectr ical  reaction increases .  
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Fig. 3. Spike activity in intestinal nerves evoked by CA before 
(1) and after (2) injection of KCI (1 ml, 16.8 mM): A, B, C) re- 
cords of one experiment; D, E) of two others. Concentrations of 
CA; 0.97 (A), 1.95 (B), 3.9 (C), 31.2 (D), and 62.5 (E) raM. From 
top to bottom: afferent activity, marker of injection of acid. 
Calibration: vertical line 20 V, horizontal line 200 msec (in A-C, 
E) and 500 msec (in D). 

The r e s u l t s  thus show that  the sens i t iv i ty  of i n t e rocep to r s  to LA i s  i nc r ea sed  by po ta s s ium ions. The 
mean th re sho ld  dose of LA under  t hese  condit ions was halved (from 16 • 1 to 8 • 1 ~g/g) .  

A s i m i l a r  r e l a t ionsh ip  was obse rved  in the expe r imen t s  to study the effect of po t a s s ium ions on CA 
recept ion .  In expe r imen t s  on 17 cats  (30 segments  of sma l l  intestine) r e c e p t o r s  in eight of the 30 segments  
were  found to respond  by a s l ight  i n c r e a s e  in spike ac t iv i ty  to inject ion of CA in a dose of 40.5 gg  (0.2 ml, 
0.97 mM). S t r i c t ly  speaking th is  dose  cannot be taken as the th reshold ,  for  a r e sponse  o c c u r r e d  in only 
26% of cases .  Th is  a g r e e s  with r e su l t s  obtained by other  w o r k e r s  [4] who obse rved  r e s p o n s e s  to  the same 
dose of CA under  the same  expe r imen ta l  condit ions in 31% of 13 cases .  In the p r e s e n t  expe r imen t s  the mean 
t h r e s h o l d  dose of CA s t imula t ing  the r e c e p t o r s  of the sma l l  in tes t ine  was 8.2 • 0.9 gg /g .  Af te r  p r e l i m i n a r y  
in jec t ions  of KC1 into the in tes t ina l  v e s s e l s ,  the r e c e p t o r s  of 17 of the 30 segments  now responded  by ine 
c r e a s e d  ac t iv i ty  to in ject ion of 40 .5pg  CA, i .e . ,  in 57% of cases .  The th re sho ld  dose of CA under  these  con- 
di t ions was lowered  to 6.0 • 0.6 g g / g .  Af te r  inject ion of CA in concent ra t ions  inc reas ing  on a l oga r i t hmic  
sca le  the effects  of an i n c r e a s e  in sens i t iv i ty  of the t i s s u e  r e c e p t o r s  under the influence of p r e l i m i n a r y  inr  
j ec t ions  of KC1 were  mani fes ted  more  c l e a r l y  s t i l l  (Figs .  2B and 3A-D). In some expe r imen t s  with h igher  
concent ra t ions  of CA (31.2-62.5 raM) not an i n c r e a s e  but, on the con t ra ry ,  inhibit ion of the response  was 
obse rved  (Fig. 3E). 

During muscu la r  work po ta s s ium ions leave  the ce l l s  to en te r  the t i s s u e  fluid and blood [13]. The 
p o t a s s i u m  ion concent ra t ion  in blood flowing f rom an ac t ive ly  working musc le  may i n c r e a s e  to  7-8 mM and 
In the i n t e r c e l l u l a r  space  to  14-30 raM. Consequently,  the KC1 concent ra t ions  used in th is  inves t iga t ion  
co r r e spond  to those  fo rmed  in blood and t i s s u e  fluid during norma l  acr of the animal .  

Repea ted  expe r imen t s  have shown that  during muscu la r  work,  s imul taneous ly  with l ibe ra t ion  of p o t a s -  
s ium ions, t h e r e  is  an i n c r e a s e  in the blood concent ra t ion  of other  compounds,  e spec i a l l y  CA and LA [2, 
8-12, 14-16]. It was shown 30 y e a r s  ago [11, 15] that  the LA concent ra t ion  in human blood i n c r e a s e s  to 
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12-13 mM af te r  running. Since in the p resen t  exper iments  the in te roceptors  were  s t imulated by LA in a 
concentrat ion of 7.8 raM, it must be concluded that  the excess ive  amounts of LA fo rmed  in the working 
organ were  detected by t i s sue  r ecep to r s .  If it is r e m e m b e r e d  that during work po tass ium ions a re  l i b e r -  
ated s imultaneously,  inc reas ing  the sensi t iv i ty  of the in te roceptors  to LA, it must  be accepted that the 
sensitivity of the small intestinal receptors to LA under natural conditions is high. Assuming that the 
resting muscle constantly produces LA at the rate of 11-15 ~g/g/min [16], it can be postulated that the 
asynchronous "spontaneous" activity recorded in the peripheral segments of the intestinal nerves was pro- 
duced to some degree by the response of the tissue receptors to the constant fluctuations in the concentra- 
tion of this metabolite in the tissues. 

The re su l t s  of these  exper iments ,  in the w r i t e r ' s  opinion, conf i rm the views developed by Chernigov-  
skii  [6, 7] and Lebedeva [3, 4] on the exis tence of chemorecep to r s  responding to slight changes in the con- 
centra t ion of t i s sue  metabol i tes  in the t i s sues  of the internal  organs .  
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