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Changes in antibody t i t e r s  in the s e r a  of immunized mice  depending on the functional s ta te  
of musca r in i c  chol inergie  b iochemical  s y s t e m s  were  invest igated with the aid of m u s c a r i n i c  
chol inomimet ic  and cholinolytic agents .  The exper imenta l  r e su l t s  demons t ra t ed  the effect  
of musca r in i c  chol inergic  s y s t e m s  on antibody format ion .  Pe r iphe ra l  musca r in i c  cho l ine r -  
gic s y s t e m s  play a m o r e  important  ro le  in this p roce s s  than the cor responding  cent ra l  
s y s t e m s .  

The neu ro -humora l  s y s t em  plays a un iversa l  role  in the maintenance of homeos t a s i s  and, conse -  
quently, in the immunological  protect ion of the body [1, 3, 6, 7, 9]. The study of the effect  of neuro t rop ic  
pharmaco log ica l  agents  on immunological  phenomena is thus of both theore t ica l  and prac t ica l  in te res t .  

Injection of p i locarpine ,  of e se r ine  and p i locarpine ,  and a lso  of acetylchol ine a f t e r  immunizat ion  has 
been shown to inc rease  the t i t e r s  of specif ic  s e r u m  antibodies [2, 4, 5, 10], while injection of a t ropine 
e i ther  lowers  the antibody t i t e r s  or  has no effect  on them [8]. 

Since publication of these invest igat ions scientif ic  views on the nature  of chol inergic  t r ansmi s s ion  of 
nervous  impulses  have been broadened and deepened, and the scope for  pharmacolog ica l  action on cho l iner -  
gic b iochemical  s y s t em s  has been great ly  inc reased .  However,  the effect  of chol inergic  drugs  on the an t i -  
body- fo rming  function has so fa r  r ece ived  little study. Yet an invest igat ion of this type would shed light on 
the int imate mechan i sm by which the nervous  sys t em controls  immunogenes i s  and would cons iderably  en-  
r ich the pharmaco logy  of drugs  affect ing chol inergic  t r ansmi s s ion  of nervous  impulses  which a re  being 
extens ively  used in medica l  p rac t i ce  at the p resen t  t ime .  

The object  of the investigation desc r ibed  below was to study the role  of cent ra l  and pe r iphera l  
m u s c a r i n i c  chol inergic  s y s t e m s  in the immunological  r e sponse  of s e rum antibody format ion .  

EXPERIMENTAL METHOD 

Four series of experiments were carried out on 80 albino mice weighing 18-20 g. The appearance of 
hemagglutinins in response to immunization of the mice with sheep's red cells was used as the index of the 
antibody-forming response. Each animal received an intraperitoneal injection of 0o 2 ml of a 20% suspen- 
sion of sheep's red cells in physiological saline. 

The functional state of the central and peripheral muscarinic cholinergic systems was altered by sub- 
cutaneous injection of arecoline, benactyzine, and oxyphenonium daily for 7 days after immunization. 

Control animals received physiological saline. The mice were decapitated 7 days after immunization and 
the titers of antibodies causing agglutination of sheep's red cells were determined in their blood serum by 
the standard method [4]. 
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Fig. 1. Changes in t i ters  of 
hemagglutinins produced by 
pharmacological  excitation and 
blocking of muscar in ie  cholinergie 
sys tems:  a) physiological saline;  
b) areeoline:  1) 5 mg/kg,  2) 10 
mg/kg,  3) 12.5 mg/k~c)  benactyzine:  
1) 1 mg/kg,  2) 10 mg /kg ;  d) oxy-  
phenonium: 1) 1 mg/kg,  2) 2 r ag /  
kg, 3) 5 mg/kg ;  e) arecol ine (10 
mg/kg) 10 min after  oxyphenonium: 
1) 1 mg/kg,  2) 2 mg/kg,  3) 5 mg/kg ;  
f) after  benactyzine:  4) 1 mg/kg.  

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

In the experiments  of ser ies  I (Fig. lb) the effect of the 
musear in ie  eholinomimetie arecol ine on the appearance of 
antibodies in the serum was investigated. The t i ter  of 
hemagglutinins in the control for each se r ies  was taken as 100. 
Arecoline,  in a dose of 5 mg/kg,  gave an inconstant effect, for 
in some experiments  it slightly reduced, while in others  it in-  
c reased  the antibody t i ter .  If arecol ine was injected in doses 
of 10 and 12o 5 mg/kg,  i . e . ,  in doses in which it had a definite 
exci ta tory action on muscar in ic  cholinergic sys tems,  the ant i-  
body t i ters  were consistently increased by 2-4 times~ 

In ser ies  II and III (Fig. 1 c,d) the effect of substances 
blocking musear in ic  cholinergic sys tems on the antibody ti ter 
was investigated. Administrat ion of the central  cholinolytic 
drug benaetyzine in a dose of I mg/kg,  ioeo, for pract ical  
purposes  blocking only the central  eholinergic sys tems,  caused 
no significant change in the antibody t i ter .  After admin i s t ra -  
tion of benactyzine in a dose of 10 mg/kg, leading to t emporary  
blocking not only of the central ,  but also of the peripheral  
muscar in ic  cholinergic sys tems,  the hemagglutinin t i ter  was 
doubled~ These resul ts  suggested that per ipheral  muscar in ic  
cholinergie sys tems play a more  important  role in the antibody- 
forming response than the analogous sys tems of the brain.  To 
ver i fy  this hypothesis experiments  were car r ied  out with the 
quaternary compound oxyphenonium, which selectively blocks 
per iphera l  muscar in ic  chotinergie sys t ems .  The resul ts  of 
the experiments  with oxyphenonium in a dose of 1 m g / k g  

showed that during repeated blocking of the per iphera  1 muscar in ic  eholinergic sys tems the hemagglutinin 
t i ter  was several  t imes lower than in the control .  

The resul ts  of experiments  in which oxyphenonium was given in a dose of 1 m g / k g  were in good ag ree -  
ment with those of experiments  in which arecoline was given in a dose of 10 mg/kg,  for blocking and exci ta-  
tion of the muscar in ic  cholinergic sys tems  had opposite effects on antibody formation.  However, it was 
difficult on this basis  to reconcile the resul ts  of the experiments  with oxyphenonium and areeoline,  on the 
one hand, with those of the experiments  with benactyzine in a dose of 10 m g / k g  on the other hand. Benac-  
tyzine in this dose stimulated antibody formation~ When these resul ts  were compared with those of the 
other ser ies  of experiments  it had to be assumed that the direction and degree of the effects produced by 
blocking the muscar in ic  cholinergic sys tems  on the immunological response were dependent on the degree,  
duration, and extent of the blocking of these sys tems .  This assumption was confirmed experimentally,  by 
experiments  in which oxyphenonium was given in doses of 2 and 5 mg/kgo The antibody t i ter  after  admin-  
is trat ion of this compound in a dose of 2 m g / k g  did not differ significantly f rom that in the control, while 
af ter  administrat ion of oxyphenonium in a dose of 5 mg/kg,  the t i ter  was actually doubled~ 

It was concluded f rom these resul ts  that muscar in ic  cholinergic sys tems  definitely part icipate in the 
ant ibody-forming response .  Blocking these sys tems  with anticholinergic drugs in small doses inhibits, 
but in large doses st imulates this immunolo~ca l  p rocess .  To investigate in more  detail the degree to 
which central  and per ipheral  musear in ie  cholinergic sys tems  part icipate in antibody formation the exper i -  
ments of ser ies  IV were car r ied  out (Fig. le) to study the effect of combined adminis t ra t ion of the 
musear in ic  cholinomimetic drug arecol ine and the muscar in ic  cholinolytics benactyzine and oxwphenonium. 
To p rese rve  only the central  effect of areeol ine (10 mg/kg) oxyphenonium (1 mg/kg) was injected 10 rain 
before the arecol ine was injected into the mice~ When the experiments  were ca r r i ed  out in this way the 
antibody t i ter  was not increased.  This suggested that the effect of arecoline in s t imulat ing an increase  in 
the antibody t i ter  is due to its exci ta tory effect on the per ipheral  muscar in ie  cholinergic systems~ 

To test  this hypothesis arecol ine was injected against the background of the central  mascar in ic  
cholinolytic drug benactyzine (1 mg/kg) .  The antibody t i ter  in the experimental  mice in these experiments  
was 5 t imes higher than in the control,  i . e . ,  blocking of the central  muscar in ic  cholinergic sys tems  did not 
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prevent ,  but on the con t ra ry  faci l i ta ted the exhibition of the arecol ine  effect  respons ib le  for  the inc rease  
in the antibody t i t e r .  This  effect  was consequently clue to the exc i ta tory  effect  of a recol ine  on pe r iphe ra l  
musca r in i c  chol inergic  sys tems~  

]?he r e su l t s  of these expe r imen t s  thus showed that excitat ion of pe r iphera l  musca r in i c  chol inergic  
s y s t e m s  faci l i ta tes  an inc rease  in the t i t e r s  of specif ic  s e r u m  antibodies.  Excitation of the centra l  m u s c a r -  
inic chol inergic  s y s t e m s ,  and equally the i r  blocking, had no significant effect  on the s e r u m  antibody titero 
With an inc rease  in the doses  of ant ichol inergic  drugs  and s t rengthening of the blocking of the pe r iphe ra l  
musca r in i c  chol inergic  s y s t e m s  the response  of antibody format ion  can be potentiated, and this resu l t  is 
p robably  due to the b r i n i n g  into play of additional mechan i sms  for the nervous  regulat ion of immunogenes is  
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