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Acute expe r imen t s  on r a t s  showed that  i n t r a g a s t r i c  inject ion of an aqueous solution of N- 
me thy l -N ' -n i t ro -N-n i t ro soguan id ine  (MNNG) d e p r e s s e s  e l ec t r i ca l  act ivi ty  of the s tomach  wall, 
as r e f l ec ted  in a d e c r e a s e  in the ampli tude and f requency of the bas ic  e l ec t r i c a l  rhy thm and, in 
most  ca ses ,  i ts  to ta l  d i sappearance .  Af ter  adminis t ra t ion  of MNNG the exc i t a to ry  r e sponse  of 
e l ec t r i c a l  act iv i ty  both to  e l ec t r i c a l  s t imulat ion of the vagus ne rve  and to inject ion of ca rbacho l  
d i s appea r s ,  but the inhibi tory r e sponse  both to s t imulat ion of the vagus ne rve  and to injection of 
A T P  is maintained.  
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Induction of t u m o r s  in the s tomach  by injection of the carc inogen  N-me thy l -N ' -n i t r o -N-n i t r o so g u an id in e  
(MNNG) is a convenient expe r imen ta l  model  of ca rc inogenes i s  because  of the abi l i ty  of lVINNG to induce gas t r i c  
adenocare inoma se lec t ive ly  in expe r imen ta l  an imals  in a high pe rcen tage  of cases  [3, 8, 14]. This  fact is  not 
only of theore t ica l ,  but also of cons iderable  p rac t i ca l  in te res t ,  because  in some countr ies  where the p reva lence  
of  ca rc inoma  of the s tomach  is  v e r y  high, n i t roso  compounds a r e  widely dis t r ibuted in the envi ronment  and 
a re  also used in food process ing .  At the s ame  t ime ,  it has  been shown exper imen ta l ly  that  MNNG can be fo rmed  
f r o m  p r e c u r s o r s  in the s tomach,  in which it induces an adenocarc inoma [3, 10, 11]. 

Most inves t igat ions  into the development  of  t u m o r s  of  the s tomach  in different  an imals  following admin-  
i s t ra t ion  of MNNG have consis ted  of morphologica l  studies of changes in the gas t r i c  mucosa  at different  s tages  
of the t u m o r  p r o c e s s  [3, 10, 13, 14]. F r o m  the physiological  standpoint,  changes in gas t r i c  sec re t ion  a f t e r  in-  
duction of  t u m o r s  of the s tomach by lVINNG have been inves t iga ted  [8]. As r e g a r d s  the effects  of MNNG on e lec -  
t r i c a l  act iv i ty  of the s tomach wall,  which re f lec t s  the s tate  of neuroef fec to r  junctions,  this  p r o b l e m  has  not yet 
been studied. Relat ions between the nervous  s y s t e m  and t u m o r  development  evidently ex i s t s  and has  been a 
frequent  subject  for  invest igat ion [1, 2, 5, 6]. With the refilied e lec t rophys io logica l  methods now avai lable ,  the 
balance is t ipped in favor  of r e s e a r c h  in this  d i rect ion [5, 6]. The object  of the p resen t  invest igat ion was ac -  
cordingly to study the ef fec t  of MNNG on synapt ic  t r a n s m i s s i o n  of nervous impulses  in the  neu romuscu la r  sy s t em 
of the s tomach,  as re f lec ted  in the e l ec t r i c a l  ac t iv i ty  of i t s  muscu l a r  wall. 

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

Exper iments  were  c a r r i e d  out on 25 r a t s  anes the t ized  with ch lora lose  (80-100 mg/kg, in t raper i toneal ly) .  
Af ter  l aparo tomy,  b ipo la r  clip e l ec t rodes  connected to a UBP2-03 ac ampl i f i e r  and RPCh2-01 pen r e c o r d e r ,  
were  applied to the se rous  sur face  of the pylor ic  port ion of the s tomach to r ecord  i ts  e l ec t r i ca l  act ivi ty.  The 
vagus nerve ,  ex t e r io r i zed  on the an i m a l ' s  neck, was placed on s t imulat ing e lec t rodes  connected to an t~SU-1 
e lec t ron ic  s t imula tor .  An aqueous solution of lVINNG (1.0-2.0 ml) was admin i s t e r ed  by gas t r i c  tube in doses  of  
2.5-30 rag. The  m i n i m a l  dose  co r r e sponded  to the dal ly dose of MNNG given to an imals  with the i r  drinking 
wa te r  to induce t u m o r s  of the s tomach  [8, 13, 14]. 

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

Elec t r i ca l  act iv i ty  of  the wad  of  the pylor ic  por t ion of the ra t  s tomach  consis ted  mainly  of slow waves 
of  p o t e n t i a l -  the bas i c  e l ec t r i c a l  r hy t hm  (BER), with a repet i t ion  f requency of 4.2 �9 0.4 waves / ra in ,  on which 
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Fig. 1. Inhibition of e l ec t r i ca l  act iv i ty  of r a t  
s tomach  a f t e r  injection of MI~NG. Arrows  in-  
dicate t ime  of inject ion of MNNG solution; num-  
be r s  show t ime  a f t e r  beginning of MNNG ad-  
min is t ra t ion  when act ivi ty  was r eco rded  (in 
rain). Calibrat ion:  ampli tude,  0.5 mV; t ime ,  
1 rain. Dose of MNNG 15 mg in A and C, 2.5 
mg in B. 

were  superposed  fas t  spike potent ials  s i m i l a r  to those obse rved  in cats  and dogs [4]. Af ter  i n t r agas t r i c  in jec-  
t ion of MNNG solution (s tar t ing with 2.5 mg) e l ec t r i c a l  act iv i ty  was dep res sed ;  the la tent  per iod of th i s  r e sp o n se  
was 0.5-5 rain. In mos t  cases  (70.5%), theampli tude and repet i t ion  f requency of BER were  lowered,  and the 
rhy thm then d i sappeared  completely:  inhibition of BER developed e i the r  v e r y  rapidly  (Fig. 1A), during the f i r s t  
30-60 sec a f t e r  inject ion of MNNG (47%), o r  it developed gradual ly  (23.5%), and BER d isappeared  comple te ly  
a f t e r  about 20 rain. The ampli tude and f requency of BER were  r e s t o r e d  2-4 h a f t e r  the beginning of MNNG ad-  
minis t ra t ion  (Fig. 1B), although in 25% of cases  BER was not r e s t o r e d  even a f t e r  6-8 h (Fig. 1A); in such cases  
complete  atony of the s tomach  could be seen visual ly.  

Somet imes  (29.5% of cases)  the r e sponse  to appl ica t ionof  MNNG consis ted of a change in the shape of 
BER and a dec r ea s e  in i t s  repet i t ion f requency f r o m  4.2 �9 0.4 to 1.9 �9 0.2 w a v e s / m i n  (P < 0.001); d i sappearance  
of BER was not obse rved  in such cases  (Fig. 1C). Under these  c i r cums t ances  the ampli tude and f requency  of 
BER were  r e s to r e d  1-3 h a f t e r  the beginning of r ins ing  the ga s t r i c  mucosa  to r emove  MI~NG (Fig. 1C). Con- 
t r o l  inject ion of R inge r ' s  solutions o r  dis t i l led wa te r  into the lumen of the s tomach  in the s ame  volume and at 
the s ame  speed as the MNNG solution had no effect  on e l ec t r i ca l  act ivi ty.  

In the p re sen t  expe r imen t s ,  no d i rec t  co r re la t ion  was found between the intensi ty  of the r e sponse ,  i ts  
latent  per iod,  and i ts  durat ion,  on the one hand, and the dose of MNNG on the o ther  hand. The absence  of such 
cor re la t ion  can be explained by th e p r e s ence  of a glucoprotein b a r r i e r  in the s tomach,  which i n t e r f e r e s  with 
contact  between the ]VINNG solution and the mueosa  [14]. Indi rec t  support  for  this explanation is  given by the 
fact  that  the inhibi tory effect  on e l ec t r i ca l  act iv i ty  a f te r  admin is t ra t ion  of MNNG was obse rved  in the p re sen t  
expe r imen t s  more  often and a f t e r  a s ho r t e r  latent per iod in sa t ia ted  an imals  than in hungry animals .  

The facts  descr ibed  above thus indicate that  MNNG has  an inhibi tory effect  on e l ec t r i c a l  act ivi ty  of the 
gas t r i c  wall, re f lec ted  in depress ion  of the BER. The next s tep was accordingly  to study the m e c h a n i s m  of the 
blocking action of lVINNG on synaptic  t r a n s m i s s i o n  influences f r o m  the vagus ne rves  of the s tomach.  
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Fig. 2. Effect  of MNNG (2.5 mg) on r e sponse  
of gas t r i c  e l ec t r i c a l  act iv i ty  to vagus ne rve  
st imulat ion.  Per iod of s t imulat ion indicated 
by a r rows .  A) Inh ib i to ry -exc i t a to ry  r e sponse  
to vagus ne rve  s t imulat ion (1.5 V, 10 Hz, 0.5 
msec)  before  inject ion of MNNG; B-D) inhibi-  
t o ry  r e sponse  to vagus ne rve  s t imulat ion 10, 
15, and 20 rain respec t ive ly .  

The vagus ne rve s  a r e  known to contain exc i t a to ry  and inhibi tory f ibers  to  the s tomach  [4]. In the p r e -  
sent expe r imen t s  e l ec t r i ca l  s t imula t ion  of the vagus ne rves  evoked e i ther  an exc i t a to ry  effect  on e l ec t r i c a l  ac -  
t ivi ty,  with an i nc r ea s e  in the ampli tude of the slow component  of BER and the appearance  of spike potent ials ,  
o r  an inhibi tory r e sponse  of dep res s ion  of BER (or even i ts  complete  d isappearance) ,  o r  a mixed effect  (in- 
h ib i t i on -exc i t a t i on  or  vice  ve r s a )  as a r e su l t  of coincidence of the thresholds  of act ivat ion of  the exc i t a to ry  
and inhibi tory f ibers  of the vagus ne rve s ,  as previous  expe r imen t s  on cats and dogs have demons t ra t ed  [4]. An 
example  of such a mixed i n h i b i t o r y - e x c i t a t o r y  r e sponse  to e l ec t r i c a l  s t imulat ion of the vagus ne rves  is  given 
in Fig. 2. Af ter  admin is t ra t ion  of MNNG in the p re sen t  expe r imen t s  an exc i ta to ry  r e sponse  to vagus ne rve  
s t imulat ion was neve r  observed;  the inhibi tory effect ,  however ,  was p r e s e r v e d  o r  even enhanced, and it became  
more  prolonged,  despi te  the cessa t ion  of s t imulat ion (Fig. 2B-D). Inhibition in r e sponse  to vagus s t imulat ion,  
it will be noted, was o b s e r v e d  a f t e r  admin is t ra t ion  of IVINNG in cases  when the inhibi tory effect  of MNNG had 
not yet r eached  an adequate level ,  i .e . ,  when BER was st i l l  p r e s e r v e d .  

The exc i t a to ry  p a r a s y m p a t h e t i c  med ia to r  fo r  e l ec t rogen ic  gas t r i c  motor  ac t iv i ty  is  aeetylcholine.  In 
the p resen t  expe r imen t s  an exc i ta to ry  effect,  name ly  the appearance  of s t rong  spike act ivi ty  (Fig. 3A), was 
evoked by in t ravenous  inject ion of the chol inomimet ic  d r u g  ca rbaehe l  (0.5 ml of a 0.01% solution); i ts  action is  
more  prolonged than that  of acetylehol ine of MNNG, carbaehol  was found to be a lmos t  ineffect ive:  i ts  action 
was v e r y  shor t  and weak (Fig. 3B). It  can tenta t ively  be sugges ted  that  MNNG has a blocking effect  on synapt ic  
t r a n s m i s s i o n  in the pa r a s ym pa t he t i c  exc i t a to ry  pathway for  regulat ion of e lec t rogenic  gas t r i c  moto r  act ivi ty.  

It has r ecen t ly  been shown that  MINNG reduces  the t r a n s m u r a l  potent ial  d i f ference r eco rded  f r o m  the 
gas t r i c  wall in dogs and inhibits  act ive  Na + and C1- t r a n s p o r t  [12]. 

Meanwhile, MI~NG did not dep re s s  inhibi tory r e s p o n s e s  of gas t r i c  e l ec t r i ca l  act iv i ty  to activation of 
inhibi tory  f ibers  of the vagus nerve .  Since the med ia to r  for  nonadrenerg ic  inhibi tory influences is  known to be 
A T P  or  a re la ted  nucleotide [9], in the p re sen t  expe r imen t  A T P  was injected in t ravenous ly  (I mg/kg), a f t e r  
which an inhibi tory r e sponse  was recorded  as  a dec r ea se  in the amplitude and f requency of BER (Fig. 3C) o r  
even i ts  complete  d i sappearance .  This  effect  was like the inhibition evoked by vagus ne rve  st imulat ion.  Af ter  
inject ion of IVINNG the inhibi tory r e sponse  to injection of A T P  not only was p r e s e r v e d ,  but i ts  durat ion was 
actual ly  i nc rea sed  (Fig. 3D), just  as was obse rved  during vagus ne rve  s t imulat ion a f t e r  admin is t ra t ion  of 
IVINNG. 

There  is evidence that  the inhibi tory effects  of A T P  a re  connected with changes in m e m b r a n e  p e r m e -  
abil i ty for  Ca ++ , for  in c a l c i u m - f r e e  solutions the inhibi tory effect  of vagus ne rve  s t imulat ion on motor  ac t iv i ty  
of the r a t  s tomach  was r e v e r s e d  to exc i t a to ry  [7]. 

As r ega rds  the m e c h a n i s m  of action of MNNG recen t  work  has shown that  it causes  methylat ion o f nuc-  
leic acids and acts  on pro te ins ,  producing n i t roaminat ion  of lysine r e s idues  [14]. However ,  the f lmdamental  
cause  of the carc inogenic  effect  o f  MNNG has  not yet  been d iscovered .  
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Fig. 3, Effects of intravenous injection of solutions of 
carbachol and ATP before (A and C) and after (B and D) 
administration of M~NG (15 rag). Arrows indicate time 
of intravenous injection of substance. Remainder of legend 
as in Fig. 1. 

The results of the present investigation show that MNNG has an inhibitory effect on electr ical  activity 
of the stomach wall, reflected as depression of BER. It can be postulated that IVINNG blocks the transmission 
of excitation in parasympathetic fibers, but the mechanism of inhibition produced by MlXrNG evidently differs 
from the mechanism of nonadrenergic inhibition. The experimental results  show that even in the earl iest  stages 
of contact between the carcinogen and the gastric mucosa substantial disturbances of synaptic transmission of 
excitation are found. These disturbances precede the carcinggenic process and, by impairing the nutrition of 
the stomach tissues,  they may create favorable conditions for malignant change, 
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