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In the production of the syndrome of stenocardia,  reflex reactions play an important  role leading to constric-  

tion of the coronary vessels. We established earl ier  that reflexes arising from st imulat ion of the afferent fibers of 

somatic  nerves have a constricting effect on the coronary vessels brought about through the sympathet ic  innervation 

of the heart. Further, i t  appeared that the appl icat ion of a number of pharmacologica l  substances, analgesics in 
part icular,  led to an inhibi t ion of reflex ac t ion on the coronary vessels and the blood pressure. In special  experi-  
ments, i t  was demonstrated that this effect was dependent on the central  act ion of the analgesic  substances. 

The problem in the present research work was to make a further study of the mechanism of the effect of anal-  

gesic agents on the central  processes responsible for the formation of reflexes occurring in the sympathet ic  nerves of 
the heart. 

For solving this question most expedit iously,  one needs to consider the electroneurographic method for record- 
ing reflex responses in the cardiac  sympathet ic  nerves. 

According to the observations of Sell and co-authors [7], s t imulat ion of the afferent fibers of somatic  nerves 

leads to the appearance of short bursts of impulses in the sympathet ic  nerves of the kidney and heart  and to a subse- 
quent longer inhibit ion of tonal  act ivi ty .  Judging from the parameters of the irr i tat ing stimulus and from the dura- 
t ion of the latent  period (0.08-0. l s ec ) ,  the given response is dependent on the afferent impulses of the rap id-conduc-  
ting, low-threshold fibers of the A group. Kutunskii and others [2] have confirmed that,  on s t imulat ion of the t ib ia l  
and intest inal  nerves with an intensity sufficient to s t imulate both the A- and C-fibers,  there appears in the sympa- 
thet ic  nerve of the kidney a secondary discharge with a la tent  period of 0.4-0.6 sec immedia t e ly  after the in i t ia l  
discharge evoked by impulses of the A-fibers.  This secondary discharge appears to be a response to s t imulat ion of 
the afferent C-fibers. Superficial  narcosis is a condition which can affect  the appearance of a secondary discharge 
by the impulses of the C-fibers. The development  of a response by st imulat ion of the C-fibers is accompanied  by a 
considerable pressor reflex. 

As is well  known, signals of painful st imulations are transmitted in the central  nervous system along the afferent 

C-fibers. It is just on that account that i t  seems part icularly important  to determine  whether the reflex responses 
arise on st imulat ion of the C-fibers and also to examine the changes in those responses under the influence of anal-  
gesic agents. 

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

The experiments were conducted on cats narcot ized with urethane and chlorolose. In order to obtain a light 
narcosis, the dose of narcotic agent varied from experiment  to experiment  corresponding to the individual  sensitivity 
of the animals.  Urethane was used at doses of 200-300 mg/kg  and chlorolose at  20-50 mg/kg.  Muscular movements 

were suppressed by di l i t ine appl ied internal ly  at a dose of 30 mg in the course of an hour. After the thoracic cavi ty  
was opened, the left  inferior cardiac  nerve was teased out over a distance of 3-4  cm from the s te l la te  ganglion and 
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Fig. 1. Reflex responses in the inferior cardiac nerve under st imulation from the 

afferent A- and C-fibers of the tibia1 nerve and their changes under the influence 

of morphine (0.75 mg/kg). From above downwards; t ime intervals of stimulation 

(1 sec); ECG, impulses in the cardiac nerve; pulsations of arterial pressure. I) Tonal  

activity (1) and reflex responses in the inferior cardiac nerve on st imulat ion of the 
afferent A- (2) and C-fibers (3) before the administration of morphine. Reflex dis- 

charges to impulses of C-fibers appear in response to the 3rd irritating stimulus ( I ); 

II) inhibit ing effect of morphine on the reflex responses from the afferent C-fibers. 

Weakening of the summation of stimuli 5 rain after the administration of morphine 
(3). Reflex discharge from the afferent C-fibers appears as a response to the 10th 

irritating stimulus (1). !If) Restoration of the original background 38 min after the 

introduction of morphine. Symbols the same. 

then cut through near the heart. Potentials from the central segment of this nerve were led off through bipolar, 

plat inum electrodes to a differential amplifier,  type UBP 1-02 having a frequency character which was linear within 

the limits of 10-1000 cycles/sec. The inferior cardiac nerve was flooded with vaseline oil warmed to 37 ~ Parallel 

measurements were made of the pressure in the femoral artery by an electric manometer  and the ECG. The record- 

ing was carried out with the aid of a smoothed oscillograph. 

The central end of the cut t ibial nerve was stimulated by electric stimuli.  The parameters of the irritating 

stimuli were chosen so that they affected only the A group of afferent fibers (0.5 - lmsec,  1-5 v) or that they ade- 

quately stimulated not only the A-fibers but also the C-fibers of the t ibial  nerve (2-3 msec, 20-30 v). The frequency 

of the irritating stimulus was 0.5-1 per sec. The application of such frequencies permitted an analysis of the charac- 

ter of the separate components of the reflex responses. 

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

If the t ibial  nerve was irritated by stimuli of an intensity of 1-5 v for 0.5-1 msec, there arose in the inferior 

cardiac nerve a response consisting of a short burst of impulses followed by a longer inhibi t ion of tonal activity (Fig. 

1, I and 2). The latent period of this response amounted to 0.07-0.1 sec. The duration and intensity of the response 

depended on the tonal activity. Since these data were in complete agreement with the observations of Sell and co- 
authors [7] given above, it may be considered that the reflex response in the cardiac sympathetic nerve, within the 

given parameters for st imulation of the tibial nerve, was dependent on the impulses of the A-fibers. 

On increasing the intensity of the st imulation to 20-30 v and the duration of the stimulus to 2-3 msec, a 

secondary discharge occurred in the cardiac nerve immedia te ly  after the ini t ia l  discharge evoked by impulses from 

the A-fibers. The latent  period was 0.35-0.4 sec. The secondary burst of impulses usually had a lower amplitude 
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Fig. 2. Complete inhibition by morphine ( lmg/kg) of the reflex responses in the 
inferior cardiac nerve on stimulation of the afferent C-fibers of the tibial nerve. 
From above downwards; ECG, pulsations of arterial pressure, impulses in the in- 
ferior cardiac nerve, tifne intervals 80 msee. I) Tonal activity (1) and reflex re- 
sponses to impulses of afferent A- (2) and C-fibers (8, 8a) before administration 
of morphine. Reflex discharge from afferent C-fibers appears as response to the 
4th irritating stimulus ( [ )  (denoted by arrow). II) Five rain after introduction of 
morphine. Reflex discharge from afferentC~fibers absent (8, 3a). 

Fig. 3. Inhibition by morphine (3 mg/kg) of the reflex discharges from the afferent 
A-fibers at  the threshold strength of stimulation. Sequence as before in Fig. 2. 
I) Before administration of morphine; 1) tonal activity; 2) reflex responses from A- 
fibers (1 v, 0.5 msec, one stimulus per sec); II) 8 min after administration of mor- 
phine; 1) tonal activity; 2) inhibition of reflex responses from A-fibers; 3) appear- 
ance of reflex responses from A-fibers on increasing the strength of the stimulation 
(5 v, 0.8 msec, one stimulus per sec); 4) reflex responses from A-fibers on further 
increasing the strength of stimulation (10 v, 0.5 msec, one stimulus per sec). 
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but was more prolonged than the first. It was also character is t ic  that, at the threshold for the given animal ,  the 
s t imulat ion of the secondary discharge usually followed in response to the 2nd-4th stimulus and, therefore, appeared 
to be the result of a summation of s t imuli  (Fig. 1, I and 3). For the emergence  of the secondary ref lex discharge in 
response to an intensive s t imulat ion in narcotized animals,  an extended la tent  period was needed,also a summation 
of stimuli. All  this is typica l  of a reflex discharge from afferent C-fibers [2-4,6]. 

The  resuks of the experiments conducted revealed  also that  morphine in doses of 0 .5 - I  mg /kg  inhibi ted the 
reflex responses in the inferior cardiac  nerve evoked by discharges from the afferent C-fibers.  If, prior to the ad- 
ministration of morphine, the secondary discharge in the cardiac  sympathet ic  nerve appeared as a response to the 
2nd-4th stimulus then, after morphine had been introduced, i t  appeared much later.  Already, after the adminis trat ion 
of morphine at a dose of 0.5 mg/kg,  the discharge from the afferent C-fibers appeared at  the ?th-Sth stimulus in-  
stead of at the 2nd-4th. On raising the dose to 0.75 mg/kg  this discharge usually appeared not ear l ier  than the 10th- 
lg th  stimulus (Fig. 1, II and 3). The effect  lasted for 30-88 rain. Thus, its inhibi t ing effect on the summation of 
stimuli serves as the first manifestation of the effects of morphine, in this connection, our results confirm the obser- 
vations of Zakusova [1] who, in experiments on in tac t  animals,  found that one of the first signs of the effects of mor- 

phine given in small  doses was a weakening of the capaci ty  of the nervous system for summation of st imuli .  

An increase in the dose of morphine to 1 mg/kg,  even with a s t imulat ion lasting for 25-30 sec, did not bring 

about the appearance of the secondary reflex discharge (Fig. 2, II, 3a). Under these conditions, the duration of 
the effect  amounted to 50-60 rain. 

Thus, morphine led to a comple te  inhibi t ion of the reflex discharge evoked by the afferent impulses of the 
C-fibers. It is especia l ly  interesting to note that, on administrat ion of morphine in smal l  doses, no changes were ob- 

served in the character  of the reflex responses caused by s t imulat ing the A-fibers.  When the dose was increased to 
3-4 mg/kg,  only the responses of the A-fibers,  evoked by the threshold st imulat ion intensity,  were inhibi ted (1-2 v, 
0.5-1 msec). On raising the intensity of st imulation,  the reflex responses from the afferent A-fibers  were no different 

from those recorded in i t i a l ly  (Fig. 3). 

Since the reflex discharges of the A- and C-fibers recorded in our experiments have a common end path 
through the preganglionic neurons of segments T1-T4. 5 of the spinal cord, i t  is evident  that morphine administered 

at the doses referred to has no effect  on the sympathet ic  efferent paths. Consequently, i t  may be assumed that its 
inhibit ing act ion on the reflex discharges from the C-fibers appears to be the result of a diff iculty in the conduction 

of st imuli  through the neurons of the spinal cord (which transmit the impulses of these fibers). 

Such an assumption is confirmed by the observations of Haase and co-authors [5]. According to their data, 
morphine in doses of 0.2-0.3 mg /kg  inhibits the nocicept ive  component  of the polysynaptic response in the 

anterior roots of the spinal cord at levels I~-S 1 evoked by st imulat ion of the afferent C-fibers of the fibular nerve. 
At the same t ime,  the transmission of impulses from the A-fibers  does not al ter  under the inf luence of morphine. 

Thus, morphine in very small  doses, suppresses the reflex responses of the motor neurons of the lumbar segments of 
the spinal cord and of the sympathet ic  preganglionic neurons of the thoracic  segments arising through s t imulat ion of 
the afferent C-fibers.  The responses of this same group of neurons to impulses of the A-fibers do not alter under the 

influence of morphine introduced at the given doses. These data permit  i t  to be concluded that morphine inhibits 

the passage of s t imuli  in the spinal sensory system which transmits impulses from the afferent C-fibers. Evidently, 
the ac t ion of morphine is developed at the leve l  of the lumbar segments of the spinal cord. We pointed out above 
that the first appearance of the effects of morphine was a weakening of the capaci ty  for summating stimuli.  It may 
be assumed, therefore, that the mechanism of the inhibit ing act ion of morphine on the reflex responses of the affer- 
ent C-fibers is l inked with its effect  on the summation processes taking p lace  in the sensory system of the spinal cord. 
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