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After injection of aconitine and varatrine into the occipital a~ery supplying the ganglia nodosa of the 
vagus nerve with blood, vomiting and hypotensive responses deveI,>~. Interruption of t~he ~ C.ow of afferent 
impulses (by division of the vago-sympathetic trunk or its blocking by procaine) prevents development of 
the vomiting reflex. In experiments on cats intraarterial injection of the alkaloids poten*~h~ed depressor 
responses to electrical stimulation of the central end of the vagus ~erx, e. 

Our previous investigations [2, 3] showed that hiccup and vomiting movements in g ~ e  a pigs and 
vomiting movements in dogs arising through the resorptive action of aconitine and veratrhe are due to the 
effect of these alkaloids on the ganglia nodosa of the vagus nerve. The mechanism of this effect is one of 
extreme intensification of the flow of spontaneous afferent impuls~ reaching the ganglia a-xiosa along the 
vagus nerve .  

Ia  the p r e s e n t  invest igat ion we studied changes in autonomic r e sponses  to e lec t r ica l  s t imula t ion  of 
the cent ra l  end of the vagus  ne rve  following injection of a lkaloids  ~ r e c t l y  into the ganglia aodosa.  

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

In cons ide ra t ion  of s o m e  defects  of methods of obtaining autonomic r e sponses  in d~_~s under chronic  
exper imenta l  conditions [4, 5], we developed a method of evoking vomit ing in these  anima]s by s t imula t ing  
the vago-sympa the t i c  t runk without ex te r io r tz ing  it into a skin  f lap.  F o r  this purpose ,  b i ?~ ' a r  plat inum 
e lec t rodes ,  i n t e rpo t a r  d i s tance  4-5 m m ,  were  inser ted  into the vago-sympa the t i c  t runk.  "Fne e lec t rodes  
were  insulated f r o m  sur rounding  t i s sues  wi th  polyethylene f i lm.  ~V~:res so lde red  to the e l ~ t r o d e s  were  
brought  out through a channel  in the subcutaneous ce l lu la r  t i s sue  ~ .=_he region of the back of the neck. The 
expe r imen t s  began 3 days  a f t e r  the operat ion.  The blood supply to ~ e  ganglion aodosum .~-as f i r s t  i sola ted,  
f o r  which pu rpose  smal l  v e s s e l s  in the region of b i furcat ion of the common  caro t id  a r t e ry  ~xcept the oc -  
c ipi ta l  and ascending pharyngea l  a r t e r i e s ,  were  l igated. The common c a r o t i d  a r t e r y  was ~-xneriorized .in a 
skin flap in the middle th i rd  of the neck. P r e l i m i n a r y  e x p e r i m e n ~  showed that  injection of aconit ine 
(2 gg / ' .~ )  and v e r a t r i n e  (5 pg /kg)  into the blood s t r e a m  in the common ca ro t id  a r t e r y  af ter  isolat ion of the 
ganglion nodosum cons i s ten t ly  produced vomit ing in dogs with an ~ : a c t  vago-sympa the t i c  u~lako 

In one of the dogs the e l ec t rodes  were  inse r ted  into the int?~c; vago- sympa the t i c  tr~a:_'<, in another  
an imal  into the vago - sympa the t i c  trunk above the segment  ex ter iorMed into the skin flap, =!nd in a third 
dng into the vago - s ym pa t he t i c  trunk above the level of its divis ion,  c a r r i e d  out one y e a r  before  the  s t a r t  of 
the expe r imen t s  now desc r ibed  (in this dog i n t r a a r t e r i a l  inject ion of the a lka lo ids  in these and higher doses  
did not p r ~ u c e  v0miting).  The vomiting effect  was r eco rded  p n e ~ o g r a p h i c a l l y  by reco~2ing r e s p i r a t o r y  
movemen t s  of the an imals  on the smoked d r u m  of a kymogcaph,  

In acute  exPerLrneats oa 20 cats  under ch lo ra lose  adeSthes~a C0-80  m g / k g ,  in t raveno,as ly) the  a l -  
kaloids were  injected into the blood s t r e a m  in the occipital  a r t e r y  supplying the ganglion nodosam.  The 
vagus ne rve  on the side of injection was divided in the: middle thir~ of the neck.  S t i m u l a t ~  e l ec t rodes  
were  placed oa the Vagus n e r v e  above the point of its division and X~ove the ganglion nodosam. S q u a r e  
pulses  were  app l i ed  f r o m  a type IG-6  s t imu la to r .  The hypotens ive  and r e s p i r a t o r y  effects  of e l ec t r i ca l  
s t imula t ion  of the vagus merve were  recorded  before  and a f t e r  i~jec~ion of~the alkaloids.  
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Fig. i. Vomiting response in dogs evoked by electrical stim- 
ulation and intraarterial injection of alkaloids. A) Elec- 
trical stimulation (T); B) combined action of veratrine (V) 
and electrical stimulation (T) against background of procaine 
blocking (N) of vago=sympathetic trunk; D) the same after 
division of vago-sympathetic trunk. Here and in Fig. 2, from 
top to bottom: arterial pressure, respiration, time marker 
(3 sec). 

EXPERIMENTAL RESULTS 

Experiments on Dogs. Stimulation of the vago-sympathetic trunk with pulses of adequate intensity 
evoked vomiting movements in all experimental dogs. 

The vomiting reflex arising in response to stimulation ~as characterized by the almost complete 
absence of a latent period and by cessation of vomiting movements with the end of Stimulation. When con- 
tinuous stimulation was applied for i0 sec (35-40 V, 30-50 Hz, 0.i msec), vomiting movements began from 
1 to 1.5 sec after switching on the current. If a series of threshold stimuli were applied, the latent period 
was not increased (Fig. 1A). With a decrease in intensity of stimulation to 8-10 V, no vomiting effect de- 
veloped. 

Against the background of intraarteria[ injection of subthreshold doses of aeonitine (1.5-1.7 pg/kg) 
and veratrine (3.0-3.5 pg/kg), subsequent stimulation of the vago-sympathetie trunk evoked vomiting move- 
ments, which continued long after the period of stimulation. These same experiments showed that after 
preliminary injection of the alkaloids the voltage required to evoke vomiting movements was much reduced 
(on the average by 8-10 V). 

The time elapsing after injection of veratrine until electrical stimulation was 1-1.5 rain, i.e., quite 
long enough for a possible emetic action of this dose of the alkaloid to be manifested. However, vomiting 
movements developed only if the current was switched on (Fig. IB). If the vago-sympathetic trunk was 
stimulated above the point of procaineblock (Fig. IC) or division (Fig. ID) against a background of intra- 
arterial injection of the alkaloids, the vomiting effect appeared at once, even if subthreshold stimulation 
was used. 

Experiments on Cat@. This series of eXperiments was carried out in order to determine changes in 
the arterial pressure during electrical stimula{ion of the central end of the vagus nerve under the ilffluence 
of intraarterial injection of aconitine and veratrine. 

The character of change of the arterial pressure during electrical stimulation of the central end of 
the vagus nerve was determined by the intensity of stimulation. With stimulation of the order of 8-10-IV 
or less, usually pressor responses developed. With an increase in stren~oih of stimulation,the response 
changed to depressor, and with stimulation of the order of 20-22 V or above most responses were de- 
pressor (Fig. 2A). 

This change in character of the vascular response with an increase in intensity of stimulation has 
been obse rved  by other  worke r s  and at tr ibuted to gradual  involvement  of different  groups of ne rve  f ibers  
in the r e sponse .  The hypotensive response  to s t imulat ion of g r e a t e r  intensi ty a r e  attributed to excitation 
of nonmedulla ted a f fe ren t  f ibers  belonging to group C [6, w 
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Fig. 2. Effect of aconitine on character of vascular re- 
SPonses to electrical stimulation of the vagus nerve. A) 
conversion of pressor response into depressor with in- 
crease in intensity of stimulation and increase in depres- 
sor against a background of aconitine administration (5 ~g); 
B) injection of larger dose of aconitine (10 ~g); C) inhibi- 
tion of depressor response by aconitine (20 pg); D) distor- 
tion of pressor response by aconitine. Parameters of 
stimulation for A I and D(1,2,3 ) 10,12 V, 20 cps, 0.5 msec, 
5 sec; for A(2~,4) 20 V, 20 cps, 0.5 msec, 5 sec; for B, 
C(1,2,3,4 ) 20 V, 20 cps, 0.5 msec, 5 sec. 

Intraarterial injection of aconitine and veratrine considerably potentiated the hypotensive effect of 
electrical stimulation. The minimal dose of aconitine causing an increase in the hypotensive effect of elec- 
trical stimulation of 15-20 mm Hg was 5 pg per animal (Fig. 2A). It was 6-7 times smaller than the mini- 
real dose of this drug causing a decrease in arterial pressure when injected intravenously. 

Injection of 10 pg aconitine potentiated the hypotension still further. Whereas the duration of the 
hypoten~ive response before injection of the alkaloid was limited to the period of stimulation, after injec- 
tion of aconitine it was increased 3-4 times (Fig. 2B). With a further increase in the dose of aconitine (to 
15-20/~g per animal, intraarterially) only transient potentiation of the hypotensive response to electrical 
stimulation took place, followed by inhibition of the hypoteasive response. Between 5 and 10 rain after 
injection of 20 ~g aconitine, stimulation of the central end of the vagus nerve ceased to evoke a hypoten- 
sire response and apnea (Fig. 2C). 

It is interesting to note that the effect of alkaloids on the vascular responses to electrical stimula- 
tion of the central end of the vagus nerve was limited to the region of the ganglion nodosum. Stimulation 
of the vagus nerve above the ganglion nodosum evoked the same response as before injection of the alkaloids. 

It is clear from Fig. 2D, that injection of aconitine (i0 ~g per animal, intraarterially) led to distor- 
tion of the pressore response to electrical stimulation of the vagus nerve in the middle third of the neck. 
Stimulation of the vagus nerve above the ganglion nodosum, however, was accompanied as before by a 
pressor response. It can thus be concluded that if alkaloids are injected by our method, stimulation of 
the vasomotor centers does not take place, because injection of varatrine and KCI via the vertebral artery, 
supplying blood to the vasomotor centers, constantly evokes a hypotensive response, which we never found 
in our experiments. The results obtained confirm the views of S. V. Anichkov and co-workers [1] on the 
mechanism of the vomiting action of aconitine. It follows from the results of our experiments that after 
intraarterial injection of aconitine and veratrine the intensity of electrical stimulation of the vagus nerve 
evoking vomiting and hypotensi'on is considerably reduced. 

The results also show that impulses must be present in the vagus nerve before vomiting and a hy- 
potensive effect can arise in response to intraarterial injection of the alkaloids. Interruption of the flow 
of impulses (by procaine block or division of the vagus nerve) leads to disappearance of the vomiting effect 
in response to injection of the alkaloids in doses much above threshold. Hence, a flow of impulses running 
to the centers, which could bring about these responses, does not arise in the ganglia nodosa of the vagus 
nerve under the influence of intraarterial injection of aeonitine and veratrine, and consequently, they do not 
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POSSess receptors, stimulation of whieh~ as some authors have suggested [7, 81, is responsib[e for the ap- 
pearance of these autonomic responses. 

On the basis of the results of the experiments just described and others performed previously it can 
be concluded that the mechanism of vomiting and hypotension evoked by aconitine and veratrine by their 
resorptive action is based on stimulation of peripheral receptors belonging to the vagus nerve system, with 
subsequent intensif icat ion of the flow of impulses  reaching the region of the ganglia nodosa f rom them.  
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