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About 60 years have passed since Richet 's  c lass ical  exper iments  (1902), which led to the formulat ion of the 

main  views on anaphylaxis.  These were concerned more with the phenomenologica l  aspect  of the problem.  Yet 
there is stil l  no satisfactory explanat ion  of the mechanisms of anaphylaxis.  The vast l i te ra ture  on this question 
indicates  the great  diff icul t ies  encountered in its solution. 

One of the lines of research on the mechanisms of anaphylaxis  is an invest igat ion of the role of the nervous 
system in the pathogenesis  of the anaphylac t ic  react ion.  This problem has been invest igated by several  exper i -  
menta l  m e t h o d s - b y  pha rmaco log ica l  a l tera t ion  of the functional  state of the centra l  nervous system, mainly  by 

narcosis; by ext i rpat ion of various parts of the central  nervous system, by intradural  inject ion of the anaphy lac -  

togen, and by cond i t ioned- re f lex  reproduction of the anaphylac t ic  react ion.  

The greatest  number of experiments ,  however, have been devoted to a study of the effect  of narc'osis on 
anaphylac t i c  shock. A. M. Bezredka [4] was the first to show that narcosis inhibits anaphylac t ic  shock. These 

in i t i a l  data  have been confirmed several  t imes,  and in recent  years have been supplemented by a study of the 
effect  of narcosis on other a l le rg ic  r e a c t i o n s - t h e  Arthus-Sakharov phenomenon,  the Schwartzmann phenomenon, 
tubercular  a l lergy,  and brucel lar  a l lergy [3, 5, 10, 11]. 

But narcot ic  substances are known to act  not only on the nervous system, but also on other organs and tissues 
of the organism, and to produce changes in metabol i sm,  pe rmeab i l i ty ,  and several  other tissue changes which 

have some bearing on a l le rg ic  reactions [8]. Hence, several  immunologists  be l i eve  that the mechanism of the 
observed inhibi t ion of the a l le rg ic  process is obscure and that the role of the nervous system in this phenomenon 

has not been proved, since narcosis may have a toxic effect  on the smooth musculature.  

The a im of this work was to invest igate  the mechanism of the inhibi t ion of the a l le rg ic  react ion by nar-  
cotics.  

M E T H O D  

To resolve this question we combined the method of pha rmaco log ica l  a l te ra t ion  of the functional  state of 
the centra l  nervous system with the c lass ical  Dale -Schul tz  method of invest igat ing the tissue sensit ivity of an 
isolated organ. We ca l led  this combined method of invest igat ion the cross-checking method.  It consists in a 
de te rmina t ion  of the role of the narcot ic  state in the course of the anaphylac t ic  react ion in the intact  organism 
and a subsequent study of the tissue sensi t ivi ty to the anaphylac togen  in an isolated o r g a n - t h e  uterus of the same 
a n i m a l - b y  means of the Da le -Schu l tz  method [12] (A. T. Kravchenko and N. V. .Galanova [1948]). 

* I consider i t  my duty to express my sincere thanks to Corresponding Member AN SSSR Kh. S. Koshtoyants for 
kindly providing the fac i l i t i es  for the conduction of this work. 
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T A B L E  1 

Comparative Study of Sensitivity of Isolated Uterine Horn to Horse Serum, Histamine, 
and Acetylcholine After Injection of Shocking Dose of Protein Into Narcotized Animals 
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Symbols: Absence of muscular contraction; + presence of muscular contraction. Figure 
in brackets denotes number of experiments in which a positive reaction was obtained. 

The experiments were performed with 50 guinea pigs, weighing 300-420 g, which were divided into five 
groups (two experimental and three control, ten animals in each). A l l  the animals were sensitized by a single 
subcutaneous injection of 0.1 ml of horse serum and 18-22 days later were taken for the experiment. 

Narcosis was produced by the intraperitoneal injection of urethan, 1 g per kg of body weight, and lasted 
for 2-7 hr. The animals of the first experimental group were given a shocking dose (0.4 to 0.8 ml) of horse 
serum, intraperitoneally or subcutaneously, 1�89 -2�89 hr after the onset of deep narcosis. 

The same dose of horse serum was injected into the ten pigs of the first control group. All the control ani-  
mals reacted to the injection of the shocking dose of protein by severe and lethal shock. 

In the animals of the first experimental group (first series of experiments) the shock was considerably 
weakened or completely inhibited by narcosis. After 24-36 hr we investigated the specific tissue sensitivity to 
horse serum on the isolated uterus of these animals in the experiment in vitro. 

In the second experimental group (second series of experiments) the sensitized animals were decapitated 
1�89 -2 hr after the onset of narcosis and the reaction to specific protein was investigated on the isolated uterus in 
the experiment in vitro. 

In only two out of the ten narcotized animals of the second control group did we observe a pronounced 
anaphylactic reaction after the injection of the shocking dose of protein. In the other animals  the shock was 
greatly weakened or completely suppressed. 

The experiments inv i t ro  were carried out in the following way. The two uterine horns were separated by 
the usual method and put into the dishes (capacity 50 ml) containing Ringer-Locke solution at 37.5* on the Dale- 
Schultz apparatus. Oxygen was passed through the Ringer-Locke solution (50-60 bubbles per minute). The con-  
tractions of the smooth muscle of the isolated uterus were recorded on a kymograph by light scribes. After the 
uterine horns were placed in the dishes they were kept there for 15-35 min to acquire their initial tonus. The 
scribes were brought against the smoked tape immediately  before the start of the experiment. Parallel records 
of the responses of the two horns were made. Normal sera in the following concentrations were used: horse 
s e rum-1  -10 "5, 1 '  10 4 ,  and 1" 10 "3, nonspecific ram s e r u m - 1 - 1 0  -4 and 1 . 1 0  -3. In addition, nerve mediators 
were used-ace ty lcho l ine  in concentrations 1 �9 10 "v, 1 . 1 0  "~, 1 . 1 0  -5, and 1 . 1 0  -4, and histamine in concentrations 
1 . 1 0  "s, 1 , 1 0  -v, 1 �9 10 "e, and 1 �9 10 "s. These concentrations of substances were final, i.e. their dilution by the 

liquid in the dish was taken into account. 

The duration of action of each stimulus was decided, by the aim of the experiment. The preparations were 
washed for 5 to 25 rain after the action of the stimuli. 
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T A B L E  ,2 

Compara t ive  Study of Sensitivity of Isolated Uterine Horn to Horse Serum, Histamine,  

and Acety lchol ine  1�89 -3 Hr After Onset of Narcosis in Animals  
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Note. Symbols as in Table  1. 

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

In proceeding to the discussion of the exper imenta l  results we must mention that the threshold doses, de -  
termined in special  experiments,  were as fotlows: horse serum 1 -10 " s - 1  �9 10 -4, h is tamine 1 . 1 0 - 8 - 1 .  !0  "~, 
ace ty lcho l ine  i �9 1 0 - v - 1  �9 10 -6. 

The threshold doses depended on the individual i ty  of the animal  and the t ime  spent by the isolated prepa = 
ration in the exper iment .  

Table  1 shows that animals  under narcosis became  desensi t ized after the in ject ion of a shocking dose of 
protein, despite the absence of external  symptoms of anaphylac t ic  shock. Yet, it  is quite obvious that c o m b i -  
nation of the ant igen and antibody took place.  The evidence for this was the onset of desensi t izat ion in al l  the 
exper imenta l  animals ,  and the isolated uterine preparat ion did not respond by muscular contract ion to known 
supral iminal  dos~  of protein.  

As an i l lustrat ion of this we show the kymograph t race of the responses of the uterine horn of exper imenta l  
pig  No. 7 (Fig. 1). 

In this connection,  i t  is important  to reca l l  that  the onset of  a state of ant ianaphylaxis  after the inject ion 
of a shocking dose of protein into narcot ized animals  was first noted by A. M. Bezredka [1907], and then by  A. T. 
Kravchenko and N. V. Galanova [9]. 

Yet, such an exper imenta l  procedure did not enable  us to draw a def ini te  conclusion about the mechanisms 
of the ' inh ib i t ion  of anaphylaxis  b y  narcosis, or to indica te  its nature, nervous or tissue, since it is possible that 
narcosis, by a l ter ing the me tabo l i c  processes of the organ tissues, lowers their  general  react ivi ty .  Indeed,  for re-  
moval  of this object ion we used another two st imuli ,  h is tamine and ace ty lcho l ine ,  in the experiments ,  but this 
was indirect  information.  The  exper iments  showed that  tissue sensi t ivi ty  to his tamine and ace ty leho l ine  persisted 
in the desensi t ized animals .  There  was only a slight rise in the threshold of response. On the basis of these re-  
sults, we can postulate  different b iochemica l  pathways for the ac t ion  of the protein, on one hand, and his tamine  
and ace ty lchol ine ,  on the  other. 

F0'r direct  exper imen ta l  ev idence  of the  nervous nature of the inhibi t ion of anaphylaxis  by  narcosis a second 
series of experiments  was undertaken. The sensi t ized animals  were narcot ized and then decapi ta ted  11 hr after  
the onset of deep narcosis. Both uterine homs were used in the e x p e r i m e n t  in vitro,  and the presence of sensi t ivi ty  
to protein, his tamine,  and ace ty leho l ine  was invest igated.  The results obtained are given in Tab le  2. 

Tab le  2 shows that the tissues of a narcot ized an imal  did not lose their  sensi t ivi ty  to a specif ic  protein 
stimulus. The threshold of  response of the isolated preparat ion to h is tamine  and ace ty lcho l ine  remained the 
same or was even a l i t t l e  lower. As an i l lustration of this fact  we show a kymograph t race  of the funct ional  a c -  
t iv i ty  of the muscle  in response to the ac t ion of spec i f i c  protein for exper imenta l  guinea pig No. 15 (Fig. 2). 
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Fig. 1. Onset of desensi t izat ion in animal  after 

inhibi t ion of anaphylac t ic  react ion by narcosis. 
Meaning of curves (top to bottom):  t race of 
functional ac t iv i ty  of uterine horn in vitro; s t imu-  

lat ion marks. Ver t ical  arrows denote moment  of 
inject ion of horse serum. Serum concentrat ion is 

indicated.  

Fig. 2. Persistence of tissue sensitivity to specif ic  
protein 1�89 hr after onset of narcosis. Meanings 

as in Fig. 1. 

To verify the specif ic i ty  of the react ion of the 
an imal  tissue to serum ant igen we invest igated the re-  
ac t ion  to ram serum in dilutions 1 . 1 0  -4 and 1- 10 -3 in 

ten experiments  with five guinea pigs. The experiments  
showed that the organ taken from a narcot ized an imal  
did not contract  in response to the act ion of the non- 
specific ram serum. 

The effect  of narcosis i tself  on the react ion of an 

isolated preparat ion of a nonsensitized an imal  was also 

tested in ten experiments  with five guinea pigs. There 
was no specif ic  react ion to horse serum in these con- 

d i t i o n s - t h e  organ did not contract.  

An examinat ion  of the results of these experiments  
suggests that in such a multistructural  react ion as the 

anaphylac t ic  react ion there are two interconnected and 
interdependent  phases: an immunochemica l  (or specif ic)  

phase, and a physiological  (or nonspecific) phase. 

The underlying featurg of the immunochemica l ,  
or specific,  phase is the immunologica l  mechanism 

proper, the ant igen-ant ibody reaction.  The physiologi-  
cal,  or nonspecific,  phase of the anaphylac t ic  react ion 
involves many systems and organs of the organism, 
pr imar i ly  the smooth musculature,  the l eve l  of funct ion-  

al  act iv i ty  of which can be al tered by a great  var ie ty  of 
factors, including ant igenic  factors, and this accounts 
for the nonspecifici ty of this phase of anaphylaxis.  

The results of the two series of experiments,  par -  

t icular ly  the second series, and of the various control 
experiments  have shown that the physiological  phase of 
the anaphylact ic  react ion is blocked by interference 

with the functional  state of the central  nervous system, 
by the resuhant  inhibitory state, and not by poisoning of 
the tissues of the internal  organs. From these exper i -  
ments we can subscribe to M. Bezredka's opinion that 
the inhibi t ion of anaphylaxis by narcosis is of a nervous 
nature, and also to the idea of the leading role of the 
central  nervous system in the anaphylact ic  react ion [1, 
2, 6] or, more precisely,  in its physiological  phase. 

At the same t ime  our experiments,  and also the published information [4, 9, 13], require that the part 
played by nervous mechanisms in the course of such a complex,  general ized react ion as the anaphylac t ic  react ion 
must be defined and demarca ted .  Such a problem has been made  possible by the different iated approach to the 
c lar i f ica t ion of the mechanisms of induction and development  of the anaphylact ic  react ion and its, separat ion 

into two p h a s e s - t h e  immunochemica l  and physiological .  From our exper imenta l  data,  and also the data  in the 
l i terature,  we can conclude that the employed methods of invest igat ion do not demonstrate a leading role for the 
nervous system in the rea l iza t ion  of the immunochemica l  phase, since the combinat ion of antibody with antigen 
(cause of desensit izat ion) occurs even when the nervous apparatus is excluded.  Here, however, we must mention 
the existence of trophic nervous effects, which can de termine  the degree of react ion between tissue substrate and 
ant igenic  stimulus and thus al ter  the intensity of the anaphylact ic  reaction,  as some of our experiments  indicate .  

The decis ive  influence of the neurodynamics of the cor t ica l - subcor t ica l  system is c lear ly  demonstrated in 
the occurrence of the physiological  phase of the anaphylaet ic  reaction.  Alterat ion of the established intercentral  
relations by the mechanisms of the cor t ical  dynamic stereotype and induction relations [7] can lead to a pro-  
nounced weakening or comple te  inhibit ion of the physiological  phase of the anaphylact ic  reaction.  
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SUMMARY 

The mechanisms involved in the arrest of anaphylactic reaction by anesthesia were analyzed. As, demon- 
strated, inhibition of anaphylactic reaction occurs at the expense of the changes in tissue sensitivity resulting not 

from the tissue poisoning by anesthetics, but from altered functional condition of the central nervous system. A 
suggestion is made that in such a complicated polystructural reaction as the anaphylaxis, there are two inter- 
connected and interrelated phases: immunochemicai and physiological or specific and nonspecific. The author's 
own data and that derived from the literature show that realization of the specific phase of anaphylactic reaction 
may be effected without the nervous system playing a leading part in it, whereas the nonspecific phase of this re- 
action occurs with the participation of the neuto-reflex control, as a decisive factor. 
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