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Eccles et  a l . ,  [5, 6, 8, 9, 10] have shown that  strychnine and tetanus toxin block inhibitory synapses and e l imi -  
nate a l lk inds  of postsynaptic inhibi t ion in motor neurones of the spinal cord. This discovery enables strychnine and 
tetanus toxin to be used extensively to reveal  the role of inhibitory synapses in normal  and pa thologica l  reflexes. 

The exper iments  described below show the part played by inhibitory synapses in reactions caused by the very 
widespread pathologlcaI  process - in f lammat ion .  

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

A subcutaneous inject ion of 0.2 - 0.5 ml  of turpentine into one of the hind feet of an animal  was given in order 

to produce an in f lamed area.  We studied the changes in the nervous system which developed along the nervous pa th-  
way of the impulses from the inf lamed area,  and for this purpose we invest igated spinal mono-  and polysynaptic  re -  
flexes, the pr imary responses in the specif ic  tha lamic  nucleus (VPL), the primary responses in the cor t ica l  representa-  
tion in the inf lamed organ - in sensory areas I and II [1, 2]. 

To suppress the ac t iv i ty  of the inhibitory synapses strychnine was injected intravenously as follows: to study 
mono-  and polysynaptie  reflexes the dose was 0.05 mg /kg ,  and for invest igat ion of the primary tha lamic  and cor t ica l  
responses i t  was 0.5 mg/kg .  

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

As we have shown previously [1] and as the present experiments  have confirmed,  impulses from the inf lamed 
area cause an increase in the ampl i tude  of the spinal mono-  and polysynaptic  flexor reflexes. Impulses from the in-  

. f lamed area cause s imi lar  changes in the central  nervous system at  higher levels [2]. The primary responses in the 

specif ic  tha lamic  nueteus (VPL) are enhanced as are also the primary responses in the cor t ica l  responses in the cor t i -  
ca l  representat ion of the inf lamed area - in sensory areas I and II. 

The occurrence of a discharge in a nerve ce l l  depends upon the magni tude of the membrane  p o t e n t i a l  In- 
crease in the ampl i tude  of the spinal,  tha lamic ,  and cor t ica l  responses under the inf luence of impulses from the in -  
f lamed area is evident ly  the result of the involvement  of a large number of neurones in the reflex react ion.  We may  

therefore, suppose that the essential  feature of the changes evoked by impulses from the inf lamed area  is that it  
brings about  a depolar iza t ion  of neurones with the result  that  they are more readi ly  discharged, and a greater  number 
of them are involved in the response to the test stimulus. 

These results throw new light on one of the most character is t ic  features of pa tho log ica l ly  a l te red  organs - their  
increased sensitivity, to ordinary s t imuli .  It is known that during in f lammat ion  a l imb wil l  be sharply withdrawn in 
response to a l ighter  touch than is normal ly  required. In in f lammatory  processes in the lungs or heart  a moderate  d e -  
gree of physical  exercise  wi l l  cause considerable dyspnea and tachycardia .  In gastric ulcer  there is an abnormal  in -  
crease in secret ion in response to an adequate  food stimulus, etc.  Evidently, in these cases impulses originating in 
pa tho logica l ly  a l tered tissues bring about a reduction in the membrane  potent ia l  of neurones which regulate  the 
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Fig. 1. Mono- and polysynaptic  re-  

flexes from a damaged  foot (8) are 

more marked than the mono-  and 

polysynaptic reflexes from the un- 

damaged foot (1). Injection of strych- 
nine causes a greater  increase in the 

polysynaptic reflexes from the dam-  

aged l imb (4) than from the heal thy 

l imb (2). St imulat ion appl ied to the 
common peroneal  nerve; stimulus 
supramaximal  for the I group of fibers. 

Fig. 2. Primary responses of the specific tha l -  
amic  nucleus (VPL) from the damaged  l imb (2) 

are more marked than from the undamaged lirnb 

(1). Injection of strychnine causes a greater  in-  

crease in the primary responses from the damaged 
l imb (4) than from the undamaged l imb (8). Each 
record represents the supraimposit ion of 5 traces.  

St imulat ion appl ied  to the superf ic ial  peroneal  nerve. 

ac t iv i ty  of the organs concerned.  As a result these neurones are more readi ly  discharged when an adequate  stimulus 

is presented, so that  their react ion is enhanced, just as we have found it  to be in our experiments .  

The inject ion of strychnine into animals  having an inf lamed area in one of the hindlimbs caused a marked in-  
crease in polysynaptic  reflexes (most marked in the flexor reflexes both on the heal thy and on the damaged  side. 

However, in 14 out of 15 exper iments  the increase in the polysynaptic reflexes on the damaged  side was 100-200% 
greater  than in the heal thy l imb (Fig. 1). The se lec t ive  increase in the polysynaptie  reflexes leads us to suppose 

that  strychnine blocks chief ly the inhibitory synapses of the interneurones. 

We have already ment ioned that  impulses from the inf lamed area  by themselves (before the inject ion of s t rych-  
nine) bring about an increase in the mono-  and polysynaptic  flexor reflexes.  However these changes are not apparent  

until  the 3rd-4th day after damage  to the l imb.  In the first few hours or even days after damage  to the foot the 
changes in the mono-  and polysynaptic  reflexes were var ied in nature [1]. Here i t  is par t icular ly  interesting that  the 
effect  of the act ion of strychnine, even in the first few hours after damage  to a l imb,  was ent i rely consistent: the 
polysynaptic  reflexes from the damaged  l imb were always considerably more enhanced than they were from the 
heal thy l imb.  In the period i m m e d i a t e l y  following the damage  the individual  variations of the mono-  and polysyn- 
apt ic  reflexes may have been re la ted  to the degree of ac t iv i ty  of the inhibi t ion synapses in the part icular  an imal .  

The primary responses in the VPL and in the somato-sensory cor t ica l  areas evoked by s t imulat ion of the super- 

f i c ia l  peroneal  nerve were also increased by the inject ion of strychnine. Here the effect  was much bet ter  shown 
when the nerve on the damaged  side was s t imulated;  in the cont ra la te ra l  hemisphere the responses were increased 
by twice as much as in the ips i la tera l  hemisphere Figs. 2 and 3). In many of the exper iments  secondary responses 
which had not been seen previously occurred in the cont ra la tera l  hemisphere (see Fig. 3). 

It is important  to note that no faci l i ta tory  influence of strychnine of the primary cor t i ca l  responses following 
s t imulat ion of the VPL could be found. This result is in l ine  with the most recent  investigations of Eecles et  al .  [4, 
7], who found that not a l l  inhibitory cor t ica l  synapses are b locked by strychnine. Apparently,  the faei l i ta tory  inf lu-  
ence of strychnine on the tha lamic  and cor t ica l  responses (which are best  shown in the cont ra la tera l  hemispheze) are 
caused by a corresponding fac i l i t a t ion  evoked by strychnine at  a subthalamie  level .  
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Pig. 3. Primary responses in area I of the sen-  
sory cortex~ originating in the damaged l imb (2) 

is more marked than when the origin is in the 

undamaged l imb (1). Inject ion with strychnine 
causes a greater increase in the primary responses 

from the damaged  (4) than from the undamaged 
l imb (3). In addi t ion to the primary response 
from the damaged  l imb there is a secondary re-  
sponse. Each record represents the superimposi-  

tion of 5 traces.  White dots indica te  moment  
of s t imulat ion.  St imulat ion appl ied  to the super- 
f ic ia l  peroneal  nerve. 

Therefore,  strychnine causes a marked increase in the 

spinal,  tha lamic ,  and cor t ica l  responses along pathways followed 

by impulses from the inf lamed area. We may,  therefore, draw 

the following conclusion which is important  for an analysis of 
pa thologica l  reaction.  

The degree of involvement  of neurones of the spinal cord, 
of the cortex and of the subcort ical  nuctei  in reactions evoked 
by an inf lammatory  process is de termined by the ac t iv i ty  of the 

inhibitory synapses. When these synapses are b locked by strych- 
nine a far greater number of neurones may be involved in the 
pathologica l  reaction.  Evidently the greater the flow of i m -  

pulses into the central  nervous system from the inf lamed area 

the more these impulses wil l  be inhibi ted.  Elimination of the 
ac t iv i ty  of the inhibitory synapses is a l l  that is needed to re-  
veal  an abnormal ly  large pathologica l  reaction.  

An addi t ional  cause of the same effect  is that  under the 

influence of impulses from the inf lamed area the neurons may 

come to be in a condit ion of subthreshold depolar iza t ion with 

the result that  b lockade of the inhibitory synapses fac i l i ta tes  
their discharge. 

When the increase is very great  the reactions to s t imula -  
tion from the inf lamed area may cease to exert  their  adapt ive  
b io log ica l  function, and become  harmful.  This conclusion is 
comple te ly  in line with the observations set forth below. 

Even at  the end of the last century Sherrington had shown 

that  the brain stem between the anterior and posterior co l l icu l i  
induces a marked increase in the response to propriocept ive i m -  
pulses, with the result that the tone of the skele ta l  muscles was 

enhanced (the extensors were chief ly affected),  and decerebra te  r igidi ty develops. As our previous experiments  have 
shown [3] the response to impulses from tissues al tered by in f lammat ion  is superimposed upon this condit ion.  In de -  
cerebra te  r igidi ty  the flexor reflex from the damaged  l imb may  not only be enhanced (development  of a flexor in-  

stead of an extensor r igidity) ,  but, what is more interesting, in many experiments  re laxat ion of the r igidi ty  occurs in 
the heal thy l imb opposite the damaged  l imb.  Normally this addi t ional  feature of the react ion remains hidden and 
compensated.  Were this not the case, in man any abscess on the hand might  result in d isablement .  Even more in ter -  

esting was the result in many experiments  in which the in f lammat ion  on the foot had al ready ceased,  so that  the ani -  
ma l  walked normally;  here, decerebra t ion induced in the damaged  l imb not an extensor but a flexor r igidi ty.  Hence, 
it  follows that  recovery was brought about not only by cessation of the per ipheral  in f lammat ion  but also by suppres- 
sion of the residual  effect  in the centra l  nervous system. 

The fact  that  these observations could be made  in the presence of decerebrate  r igidi ty  now acquires consider-  

ab le  s ignif icance.  Sherrington compared  decerebrat ion with the act ion of strychnine on the nervous system, which is 
now known to depend upon blockage of inhibitory synapses. Thus, as these experiments have shown, e l imina t ion  of 
the ac t iv i ty  of inhibitory synapses may indeed lead  to enhancement  of the pa thologica l  reaction,  and to the involve-  
merit of undamaged organs; f inal ly  there may be recurrence of the impai rment  of function when in f lammat ion  in 
the periphery has a l ready subsided. 

As a whole the results reported indicate  that  the ac t iv i ty  of the inhibitory synapses is one of the most impor t -  

ant compensatory mechanisms,  or as I. P. Pavlov l iked to describe i t  graphical ly ,  i t  is ~ a physiological  defense 
mechanism."  The establ ishment  of this compensatory mechanism in reactions evoked by a most widespread patho-  
log ica l  process - in f lammat ion ,  whose s ignif icance had not even been suspected until  recently,  wi l l  be l ikely to be 
ref lec ted  in therapeut ic  measures.  
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SUMMARY 

Strychnine blocks inhibitory synapses and enhances spinal polysnyaptic reflexes [5, 6, 8, 9, 10]. An identical 
effect was produced in an animal with an inflamed area in one hindleg by intravenous strychnine; there was, how- 
ever, the important difference that on the affected side the amplitude of the polysynaptic reflexes was 100-200% 
greater than on the other. 

Also, there was a more pronounced facilitation in primary responses in the VPL of the thalamus and in the 
somato-sensory cortical area on theside opposite to the damaged limb (Figs. 2, 3). 

Apparently, the degree of involvement of the spinal neurones, of the subcortical nuclei and of the cortex in re- 
actions to impulses from the inflammatory focus depends upon the activity of the inhibitory synapses. When they are 
blocked with strychnine a far greater number of neurones may become involved in the pathological reaction. Con- 
sequently the reaction may be so intense as to lose its adaptational significance. 
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