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In a previous report [4] exper imental  results were given showing that  pedusion of the intestine with hexo-  
barbi ta l  in concentrat ions close to those determined in the blood during hexobarbital  narcosis (2-5 rag%) is a c c o m -  
panied by lowering of the exc i tab i l i ty  of the imeroceptors. Introduction of larger  doses of the narcotic (100, 200, 
300 rag) causes a t  first strong st imulation of the interoceptors and then subsequently depresses them.  

Since one of the essential signs of the narcotic  state is depression of the motor act ivi ty  of the animal~ we 
looked into the possibil i ty of reflex inhibition of motor reactions by the applicat ion of evipan to the interocept0rs 
of the smal l  intest ine.  The resnlts of 29 experiments are described below. 

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

Experiments were performed on cats under urethane narcosis in the usual dose - -  1 g per 1 k g body Weight 
of the an imal .  In part  of  the experiments we used a dose of urethane reduced to 1 / 5  to 1 /10  of the narcotic dose. 
Under these conditions we observed continuous or periodic motor ac t iv i ty  on the part of the animal .  

In the course of the investigation we recorded the contractions of the right semitendinosus muscle resulting 
from s t imulat ion of the le f t  motor area of the cerebral  cortex. This st imulation was carried out through an open-  
ing in the skull made with a special  burr in the lef t  frontal bone and in the posterior bony wall of the frontal s i -  
nus, With an approach of this sort to the motor area i t  was possible to avoid hemorrage from the venous sinuses. 
The data  mate r  was opened. St imulat ion was by means of an induction current from an induction apparatus, us- 
ing btpolar  s i d e r  e lectrodes ,  immovably  fixed to the skull of the cat .  The current in the primary coil  of the in -  
ductor was obtained from the town supply through a voltage s tabi l izer  and a step-down transformer (4 v). The 
strength of the stimulus was counted in centimeters on the scale of the inductor. 

Evipan sodium was injected from a syringe into the artery of a loop of bowel isolated from the animal  in 
r e spee t to  its c i rcula t ion ,  but with its nerve connections intact ,  or i t  was added to the peffusion of the intestine 
wit h Ringer-Locke solution containing 50-100 rag% of narcotic.  The blood pressur e in the carotid artery was re -  
corded by a mercury manometer  and the respiration by a Marey's tambour connected to the trachea of the animal .  

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

In 17 experiments  the effect  of inject ion into the vessels of the intestinal loop of 10 % evipan sodium on the 
cor t ica l  motor reactions and on the "spontaneous" motor act ivi ty  of tile animal was studied. 

Altogether  38 injections of various amounts of the narcotic - -  f~om 30 to 500 m g - -  were  given. 
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The resulu obtained in this series ate shown In the Table. 

Change In the Motor Reactions of an Animal Resulting From the Action of Evlpan Sodium (Hexobarbital) 
on the intetoceptots of an Isolated Portion of the Small Intestine 

Dose of nar- 
cotic (in rag) 

30 
50 
100 
200 
300 
500 

Number of 
injections 

1 
9 
8 

11 
? 
2 

A 

Corticaf motor effects 
-Intensifica- 
tion 

m 

m 

1 

Depression 

$ 
$ 

6 
$ 

No change 

4 
4 
3 
1 
2 

B 
�9 spontaneous- moto..r., activity 

lntensiftca- Depression No change 
tlon 

1 

m 

9 
1 
2 
1 

T o t a l . . .  38 1 16 14 1 6 -- 

As seen from the table, In I6 out of 31 cases after application of the narcotic to the receptors in the Intestine, 
Inhibition of the coA-ical motor effects was observed. After denervation of the intestine these changes did not arise, 
which proves their reflex nature. 

One of these experiments is illustrated tn Fig. 1. Stimulation of the Ieft motor area with a col/distance (CD) 
of the induction apparatus of 17 cm produced clear contractions of the semitendinosus muscle (A). Injection into 
the blo0d vessels of the cat of 2 ml of 10 % evipan sodium was accompanied by a. reflex rise in the blood pressure, 
stimulation of respiration and contraction of the semitendinosus muscle (the so-caRed "spring" reaction): Stimu- 
lation of the motor area with a stlmulns of the same strength or stronger (CD = 17, :16.5o 18, 15.5 cm) 35 Seconds 
after injection of narcotic was found to be ineffective. A contraction of the muscle was produced only by Increas- 
ing the strength of the stimulus to 2 cm on the scale (CD = I5 cm). After "t minutes the reaction of the muscle 
was ~estored to a stimulus of CD- 16 cm. FuLl restoration of the motor effect was observed 22 minutes after the 
injection of evlpan sodium (B). 

After division of the nerves supplying the loop of bowel, injection of evipan sodium caused no reflex changes 
in the blood pressure or respiration and did not modify the character of the cortical motor effect (C). 

Such inhibition of muscular contractions was not observed in all the experiments, ta 14 oat of the 31 experi- 
ments (see Table, A) the character of the motor reactions to stimulation of the motor area did not change. There 
were also variations in the intensity and duration of the Inhibition. In some experiments there occurred merelya 
diminution in the motor reaction~ while in othe/s it was completely absent.. 

The presence or absence of reflex influendes on cortical motor effects by the lnteroceptors of the intestine 
as a resuh of the action of evtpan sodium depends on two conditions at least. 

The first condition is the strength of the stimulation of the motor centers, which in turn depends on {in our 
experiments) the depth of the urethane narcosis. Usually we selected an intensity of stimulation of the motor area 
which would give clear muscular contractions for a certain length of time {25-30 minutes). In most of our expeti- 
meats this was from 0.25 to 0.5 cm above the threshold value. In cases where in response to such feeble stimuli 
the muscular contractions became irregular (usually In light narcosis), we had to increase the strength of stimulation 
to 1-1.5 cm above the threshold level. It was, in fact, in these cases where most commonly reflex fnfluences from 
the receptors in the intestine were absent. To this group, for example, belongs the experiment il/ustrated tn the 
table (A), where two Injections of 5 ml of 10 % evipan sodium did not alter the course of the motor reactions. 

The importance of the functional state of the central apparatus controlling the motor reactions was shown 
partlonlarly clearly in those cases where the experiment was performed on cats given preliminary large doses of 
urethane (100-200 mg/kg) .  Because of sharp variations In the excitability of the motor area, stimulation was not 
carried out under these conditions. "Spontaneous = contractions alone were recorded. 

Injections of different doses of evtpan sodium produced in 6 cases out of 7 (see Table, B) after an Initial 
short stimulation, a prolonged Inhibition of the "spontaneous" muscular contractions, lasting on the average for 
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8 to 15 minutes (Fig. 2). In only one exper iment  did injection of the narcotic produce purely intensification of 

both motor reactions of the an imal ,  without subsequent inhibition. 
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Fig. 1. Changes in the c o n i c a l  motor react iom of the cat due to the action of evipan 
sodium on the interoceptors of the isolated intestinal loop. Experiment.  
A) inhibition of cor t ica l  motor effects after injection of 2 ml of 10 % evipan into the 
intestinal  vec~els of the cat  (urer.hane narcosis); B) restoration of muscular contraction 
22 minutes after inject ion of the narcotic;  C) the same dose of narcotic injected into 
the vessels o f a  denervated loop of intestine causes no change in corti 'cal motor effects. 
~ te rpre ta t ion  (from above do,onwards): contractions of the right semitendinosus muscle,  
blood pressure in  the carotid artery , respiration, record of st imulation of the lef t  motor 
~ e a  of the cerebral  cortex (the figures represent the distances between the c o t s  on the 
inductor scale)  and injections of narcotic  into the intestine, the zero l ine of the mercury 
manometer  and the t i m e  record (S seconds). 

Comparison of the exper imenta l  results shown in the table (A and B) shows that  the inhibition of the *spon~ 
taneous" motor reactions resulting from the ac t ion  of evipan sodium on the intercx:epto~s of the hitestiue appears 
~elat ively more often then inhibit ion of the c o ~ i c a l  motor effects.  This depends, evidently,  not so much on differ- 
fences in the mechanism of "spontaneous" movements of the animal  and of cort ical  motor effects as on differences 

the original functional state of the central  nervous system (depth of narcosis). 

The second condition affecting the frequency of inhibitory influences frGm the interoceptors of the intestine 
on the cor t ical  motor effects i s  the dose of the injected narcotic.  

As shown in theTable (A), on inject ion of evipan sodium in doses of 30-100 mg inhibition was ol~rvec]  la  
"/out  of 15 cases and in 8 i t  was absent~ on inject ion of 2-3 ml of a 10 % soIurion of evipan sodium (200-300 rag) 
the muscular contractions remained comtant  in only 4 out of 14 cases, while in 9 cases c lea t  inhibition was ob-  
served. In one experiment ,  after inject ion of 300 mg of evipan sodium the muscular contractiorL~ were strengthened. 

The intensity of inh/bition also varied wir.h the dose of narcotic.* in ~sponse to the injection of 30-50 mg of 
evipan into the vessels of the loop of intestine,  the museula~ contractions were merely diminished, while on in jec -  
t ion of larger  doses complete  inhibition of motor reactions was observed. 
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In �9 second series of  exper lmcnts  (12 experiments)  we Investigated the Influence on cor t ical  motor effects 

of  prolonged perfuslon of the Intestine with Ringer-Locke solution containing 50 or 100 rag% of evlpan sodium, 

' ~ ' - ~ ' ~ ~ 2  ml 10~ Evipan |I: " " ' i| 

Fig. 2. Inhibition of spontaneous motor activity by injection of 200 mg of evipaa 
Into the vessels of an isolated loop of stna]l intestine. 
Interpretation (from above downwards}- contraction of the semitendino~us muscle, 
blood pressure, respiration, record of injection of narcotic, zero line of the mercury 
m~r~ometer, record of time (5 seconds}. The arrow indicates stopping of the drum 
for 40 seconds. Muscular contractions were absent 'a t  this time. 

The intest ine Was perfused twice in the course d 20 minutes with the solution containing a concentration 
o f  100 mgm~ In each  case there was observed a c lea r  inhibition of muscular contraction on stimulation of the 
motor  centers of  the cerebra l  cortex.  On peffusion lasting from 3 to 21 minutes with the solution containing 50 
rag% of  narcot ic ,  d e a r  inhibit ion of cor t ica l  motor effects was observed in 12 cases out of 17, there being no 
change in the ~emaining 5. 

The results of one exper iment  in this series are shown in the form of a kymogram in Fig. 3. During the 30 
minutes before peffusion of  the intestine with evipan solution, muscular contractions in response to st imulation of 
the motor area  were constant a t C D  equal  to l l a n d  11.25 crn. 

F ig .  3 shows the effects of two successive st imuli  (2, 3). In order to check the exci tabi l i ty  of the ehemore-  
ceFtors of the intest ine,  control inject ions of 50 7 of nicotine were given. Its administration (1) was accompanied 
by  Increase in  the ar ter ia l  blood pressure, s t imulat ion of respiration and contraction of the semitendinosus muscle.  
Perfusion of the loop of intestine with a 0.05 % solution of evipan was continued for 5 minutes 46 seconds. During 
this t ime  200 m l  of  solution passed through the blood vessels of the intestinal loop, corresponding to 100 mg of 
narcot ic .  At  the beginning of peffusion the ar ter ia l  blood pressure rose and respiration was strengthened. Later the 
l eve l  of  the blood pressure fel l  and the ampl i tude  and rate of respixation diminished. One minute after the b e -  
ginning of  perfusion with evipan the effect  of s t imulat ion of the motor area at  CD equal to 11.25 cm was intensi-  
f ied (5}o af ter  perfusion for 4 minutes i t  was considerably reduced (G), and then i t  died out (8). At this t ime the 
vege ta t ive  and motor  reflexes in response to s t imulat ion of the interoceptors of the intestine with nicotine were 
absent (7). Contractions of the muscle did not occur in response to st imulation of the motor area (9, 11, 12} for 
some t ime  (14-17 minutes} after  flushing out the narcot ic ,  in spite of the restoration of the exci tabi l i ty  of the r e -  
ceptors to  nicot ine  (10). The motor effects were only fully restored 27 minutes after the end of peffusion with 
narcotic (13. 14. 1S). 

The  results o f  these experiments  show the possibili ty of reflex inhibition of the cor t ical  motor effects a d s -  
Lag in consequence to  prolonged act ion of evipan on the interoceptots of the intestine.  

We consider noteworthy the feature which we were able to observe in two experiments (during a second pe r -  
fusion with narcot ic  in the exper iment  described and twice in another experiment) ,  that is the more rapid restor~t- 
t ion of  the "spring" react ion in the muscle during st imulation of the receptors in the intestine with nicotine (Fig. 
3, 10) COL~pared with the restoration of muscular contraction in response to st imulation of the motor area of the 
c~rtex (13, 14, 15). This shows that  a l l  the links in the reflex arc from the interoceptors of the intestine to the 
muscle may be freed sooner from the inhibitory process than the motor effect  resulting from stimulation of the 
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neurones in the motor area of the cerebral cortex. Consequently reflex lnMbttion of the cortical motor e f f e c t s .  

arising as a restdt of changes in afferent "impulses from the interoceptors in the intestine from the action of evlpan~ 
it IocaIIzedo evidentlY0 somewhere above the level of estahlhhment of the reflex from the intestinal receptors to 
the muscle. It may be due either to a direct lowering of tile excitability of the neurones lu the motor area of the 
cerebral cortex, or to the appearance of a focus of inhibition a t  a lower level in the central nervous system. 

" ~i.':" '~ ,. ' " - . -'. ~ i 

loTos ., ! : '  ' 

�9 :i, " ', ' .. | 

Fig. 3. Change in the cortical motor reactions of the cat during pedusion of an 
isolated part of the intestine with a 0.0S 9o solution of evipan sodium. Experiment. 
{Cat. Urethane narcosis). 
1,7, 10) .-eflexes to the injection into the bleod vessels of the intestine of 50 7 c[ 
nicotine; 2, 12, 13, 15) effects of stimulation of the left motor area gt CO equal 
to 11 ore; 3, 5, 6, 8, 9, 11, 14) effect~ af stimulation at lower strength, at CD 
equal to 11.25 c m ;  4) beginning of perfudon of the intes'dnal loop with evipan iu 
a concentration of 0.05 ~s f'ust arrow) drum stopped for I t/z rninure~ second 
arrow) end of perfusion of interdne with evipan. Interpretation as in Fig. 1. T i m e  
intervals recorded every" 2 seconds. 

The problem of the localization of the reflex inhibition which we have o~erved requires Farther experimental 
stud)r, especially since after flushing out the narcotic the motor effect is usually ~estored sooner than the excitabi-  
l i ty  of the interoceptor, of the intestine. 

Control experiments Involving denervatioa of the intestine, in this series of experiments, ~owed that the in-  
hibition which we have described did not depend on the appearance of evipan in the general circulation, but was 
reflex in nature. 

C O N S I D E R A T I O N  O F  T H E  R E S U L T S  

The behavior and the mechanisms of influences from the receptors in the internal organs on the motor reaco 
tions have been studied by many workers [1, 2, 3, 5. 8and  others). 

Inhibition of cortical motor effects by stimulation of receptors in the rectum was observed by A. A. UIchtomsldi 
[b']. In experiments by Dantelopolu [9] and V. N. Chernigovsldi [7] it was shown that stimulation of the sinus and 
depressor nerve enhances muscular c0ntraction~ caused by stimulation of the motor area of the cerebral cortex. 

According to the findings of O. S. Merkulova [S], application to  the chemoreceptors of the intestine of 
chemical stimulants of diffelent natures (acetylchaline, nicotine, carbon dioxide) is accompanied by a variety 
of effect~ on the activity of the skeletal musculature. 
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Yhe mainly inhibitory reflex action of evlpan, shown by our experiments, on the course of motor teactiom 
may be to some extent accounted for by its narcotic action on the interoceptors. In contrast to the other chemi- 
cal stimulants evlpan at first givcs rise to a brief stimulation of the lnteroceptors, followed by prolonged depre#- 
sion of their activity. In accordance with thiso the stream of afferent Impulses to the center~ intensified at first, 
is diminished in the second phase of action of the narcotic. It is possible, therefore m that inhibition, at first de- 
veloping in the motor center in connection with their excitation m is later maintained by the reduction in afferent 
interoceptive impuhes. We put forward this consideration purely as a working hypothesis which Is in need of 
f m~ e r  experimental verification. 

SUMMARY 

Experiments were performed on cats. It was established that when evlpan-sodlum (arpal) acts on intestinal 
Imeroceprors them is usually a reflex inhibition of the cortlcal motor effects and "spontaneous" motor activity 
of the animal (in 22 cases out of 38). The dependence of this effect on the initial functional condition of the cen- 
tsaI nervous system and the dose of narcotic introduced was studied. 
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