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We have previously reported [6, 7, 9] on the ability of local anesthetics to inhibit the development of effects 
of excitation in ganglia caused by inadequate (induction current) and adequate (chemical factors of synaptic trans- 
mission) stimuli. In most experiments the doses of the latter were 10-20 ~g. In the present paper we describe the 
resuks of experiments in which changes of a different pattern were revealed in the functional state of a sympathetic 
ganglion when acted upon by extremely small doses of mediators and local anesthetics. 

METHOD 

The superior cervical sympathetic ganglion of a cat was perfused [1] with Ringer-Locke solution without the 
addition of eserine. The reactions of the effector organ-the nictitating membrane-were recorded. In the course 
of the experiment the effects of only one mediator (acetylcholine or histamine) and of one local anesthetic (procaine 
or xylocaine-the latter manufactured by the firm of Astra) were investigated. At the beginning of the experiment 
the threshold (and sometimes, the superthreshold) dose of mediator was determined. Injection of threshold doses was 
repeated 2- 3 times; as soon as a reaction of the nictitating membrane of constant magnitude was obtained, the in- 
jection of test doses (also repeated 2-3 times) of the mediators was begun. Immediately thereafter, the same test 
dose of mediator was applied to the ganglion together with the local anesthetic or 20-25 sec after injection of the 
latter. At the end of the reaction of the nictitating membrane mediator alone was again injected in the same dose. 
The method is described in detail in our previous communications [6, 7, 9]. 

RESULTS 

Besides many other facts previously observed [7, 9], the experiments again confirmed (in agreement with data 

in the literature) that histamine gives rise to phenomena of excitation in the sympathetic ganglion of the same order 

as those caused by acetylcholine, and sometimes of a higher order. In most experiments the local anesthetics were 

administered to the ganglion in doses of only 1/500 to 1/2 the dose of mediator. Under these circumstances the dose 

of mediator was of the order of one millionth or one ten-millionth of one gram. 

When such infinitesimally small doses of mediators were applied to the synapses simultaneously with the local 

anesthetics, or after an interval of 20-28 sec, the anesthetics did not exhibit their antimediator action accompanying 

neurotomy. On the contrary, in this case a phenomenon of the opposite character was found. For example, the re- 

action of contraction of the nictitating membrane to acetylcholine or histamine [7], injected simultaneously with 

procaine, was increased considerably, not only in amplitude, but also in duration, indicating an increase in the strength 

of excitation in the ganglion. 

In a series of experiments increasing responses of the nictitating membrane to a single simultaneous (or sepa- 

rated by an interval of 20-25 sec) administration of anesthetic and mediator continued to take place, even during a 

series of successive administrations of mediator alone (in the same doses), and only gradually resumed their original 

magnitude. In the experiment illustrated in Fig. I, the amplitude of the contraction of the smooth muscle of the 
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Fig. 1. Sensi t izat ion of the superior cerv ica l  sympathet ic  ganglion to ace ty lchol ine  by pro- 
caine.  Perfusion of right ganglion. Signif icance of the curves from top to bottom: reac t ion  
of n ic t i ta t ing  membrane  on the left side, react ion of n ic t i ta t ing  membrane  on the right side; 

marked of t ime of in ject ion of drug; t ime  marker  (5 see). From left  to right: two injections 

of ace ty lchoI ine  in a dose of 0.25 gg; inject ion of the same dose of ace ty lcho l ine  25 sec 
after inject ion of procaine in a dose of 0.0125 #g; four injections of ace ty lcho l ine  alone in 
a dose of 0.25 ~g. 

Fig. 2. Sensi t izat ion of the superior ce rv ica l  sympathet ic  ganglion to ace ty l -  
chol ine by xylocaine .  Perfusion of right ganglion. Top curve - resp i ra t ion .  
Signif icance of remaining curves as in Fig. 1. From left  to right: inject ion 

of aee ty lehol ine  in a dose of 1 gg; inject ion of the same dose of ace ty lchol ine  

together with xy loca ine  in a dose of 0.0125 #g; inject ion of ace ty lchol ine  
alone in a dose of 1 gg. 

n ic t i ta t ing  membrane  rose by 123~/0 in relat ion to its i n k i a l  magni tude.  Besides this increase in the react ion of the 
n ic t i t a t ing  membrane  on the same side as the inject ion,  a slight increase in the tone of the n ic t i ta t ing  membrane  

on the opposite side was also observed. 

A comple t e ly  s imilar  result was observed when the other local  a n e s t h e t i c - x y l o c a i n e - w a s  applied to the 
synapses of the ganglion along with ace ty lchol ine  (Fig. 2) or with his tamine (Fig. 3). In the la t ter  case the effect  
of contract ion of the n ic t i ta t ing  membrane  increased in ampl i tude  by 270% and in duration by 77~ over the in i t ia l  
value.  Hence,  inf in i tes imal ly  smal l  doses of loca l  anesthetics not only did not inhibit  the deve lopment  of exc i ta t ion  
in the ganglion following appl ica t ion  of ace ty lcho l ine  and his tamine to  its synapses, but, on the contrary,  had the 
opposite e f f e c t = t h e y  increased the sensit ivity of the ganglion, i .e . ,  sensitized i t  to the ac t ion of the mediators.  
These facts have not been described in the l i terature.  

It should be noted that in a series of experiments,  as the doses of anesthetics injected into the flow of perfusion 
fluid increased,  their  sensitizing influence was observed to give way to ant imedia tor  effects (the doses of  media tor  

being unchanged). In this way a point of transition of the state of exci ta t ion  of the ganglion into a state of inhibit ion 
could be identif ied,  demonstrat ing the phased character  of the act ion of these local  anesthetics.  In one exper iment ,  
for instance, xylocaine  in a dose of 1 ~g (or less) sensitized the ganglion to a dose of his tamine of 0.1 ~g, whereas 
xyloca ine  in a dose of 2.5 #g produced a reversible inhibit ion of the effect  of the same dose of his tamine (Fig. 3). 

Comparison of  the results of the action of  smal l  and large doses of  mediators on the ganglion further showed 
that  the dose of media tor  appl ied to  the synapses of the gangIion may also largely de te rmine  the in i t ia l  level  of 
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Fig. 3. Sensit izat ion of superior cerv ica l  sympathet ic  ganglion to histamine by xylocaine.  
Perfusion of the right ganglion, Signif icance of the curves the same as in Fig. 1. From left 

to right: inject ion of his tamine in a dose of 0.1 ~g; in ject ion of the same dose of his tamine 

together with xylocaine  in a dose of 1 gg; inject ion of his tamine alone in a dose of 0.1 9g; 
inject ion of the same dose of his tamine together with xylocaine in a dose of 2.5 ~g; injec-  

tion of his tamine along in a dose of 0.1 ~tg. 

exc i t ab i l i ty  of the ganglion, i .e . ,  its in i t ia l  functional  state. The lat ter ,  in turn, determines the character  of the 

observed effects of the loca l  anesthetics.  

Results demonstrat ing the same relationship in principle between the character  of the effect of adrenalin and 
the doses of ace ty lchol ine  have been reported by K. M. Bykov and V. S. Sheveleva.  Adrenal in st imulates oxidat ion-  
reduction processes and metabol ism in the ganglion [5, 12] and sensitizes the ganglion to smal l  doses of ace ty lchol ine  

[2]. It has also l~een shown that procaine [3, 4, 10, 11, 15] and xylocaine  [13] s t imulate  metabol ic  processes, includ- 

ing oxidat ion-reduct ion processes, in the body. The  extensive l i terature describing the benef ic ia l  results of the use 
of procaine in gerontology and geriatr ics  must also be taken into consideration.  

From a comparison of these results with the exper imenta l  data  described above, it  m a y  be concluded that  the 
character  of the act ion of both procaine and xylocaine ,  on the one hand, and of adrenalin,  on the other, is nonspeeific.  
It is c lear  that the analogy observed between the effects of these substances is not l imi ted  to their  purely phenome- 

nonologica l  s imi lar i ty ,  but is de termined by their  possession of common chemica l  mechanisms,  producing the effect 

of sensitization. 

The phenomenon of the sensit ization of various structures to the act ion of different factors, as described by 
many writers [12, 14], is a widespread b io log ica l  phenomenon. There are grounds for regarding it as one of the forms 

of nonspecific react ion of a physiological  system to adequate and inadequate st imulation.  The importance of the 
phenomenon of sensi t izat ion to the body is shown up in greater de ta i l  when it is considered in the broad framework 
of the b io log ica l  principles governing the mobi l iza t ion  of the reserve powers of the organism and the operation of 

trophic influences. 

As these experiments  show, both local  anes the t i c s -p roca ine  and xy loca ine-possess  common substances which 

exert  an ant imediator  act ion and which are capable  of causing, within a range of doses of the order of one t e n - m i l -  

lionth of a gram or less, effects of a different cha rac t e r - sens i t i z ing  influences on nerve structures. The discovery of 

the phased character  of the act ion of procaine and xylocaine when applied to the synapses of the ganglion confirms 
the analogous conclusions drawn from experiments  in which these substances were injected into the blood stream [18]. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or all oE this peri- 

odical l i t e ra ture  may  we l l  be  a v a i l a b l e  in Engl i sh  translat ion.  A c o m p l e t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at  the  b a c k  of  t h i s  i s s u e .  
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