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In previous reports [2, 3, 5, $, 'lo 8] it was shown that streptomycin, injected intramuxcuIarly or tntravcn- 
ottsly, or into the subarachnoid space, shows a depressing action on unconditioned reflexes from chemoreceptors. 
This result was obtained in experiments on both narcotized and nonnarcotized animals and from the stud,/of various 
effectors of reflex arcs. 

Different results were obtained from experiments to study the resistance of reflexes arising from stimulation 
of mechanoreceptors and peripkeral nerves to streptomycin, mainly afferent pathways from exteroceptor3 in the 
sldn. In some experiments these reflexes were quite unchanged, in others they were increased, and in only a small 
number of experiments were they diminished, and then less so than in parallel experiments performed on the chemo- 
zecepton. 

In view of these findings it was neeexsary to determine the point of action o[ streptomycin in the lnteroceptive 
t~flex arc. 

Some idea of this might be gathered from certain observations made in the previous reports. In vew of the 
fact that in the majority of parallel experiments on the effect of streptomycin on reflexes from chemoreceptors and 
reflexes from mechanoreceptors, the latter were not depressed, it may be thought that the efferent part of the re-, 
flex arc was not exposed to the depreming action of streptomycin. For a final solution of this problem special ex- 
periments were carried out. 

EXPERIMENTAL METHOD AND RESULTS 

Usually we judge the effect of streptomycin on the interoeeptive reflexes by changes tn the magnitude of 
the-vasomotor reactions. These reactions are known to be effected through the sympathetic and parasympathe~c 
division of the autonomic nervous system and also by means of the secretion of adrenalin by the adrenal glands. 
For this reason, in the first series of experiments on 8 cats we studied the effect of streptomycin on the sympathetic 
division of the autonomic nervous system. 

According to the investigations of G. V. Anrep [1], stimulation of the peripheral section of the celiac nerve 
by an electric current leads to a biphasic rise in the blood pressure. The first phase proceeds rapidly and is the 
result of direct contraction of the vessels in the region innervated by the celiac nerve~ the second phase, produc- 
Ing a smaller and slower increase in pressure, depends on the secretion of adrenalin from the adrenal glands into 
the blood stream. Thus on this experimental model it is possible to determine the effect of the test substance on 
both the nervous and humoral routes of transmission of the stimulus from the sympathetic nerve to the vascular 
system. 



In an acute experiment using urethane narcosis, the peripheral section of the celiac nerve was stimulated 
with an elecuic current from an induction coil before and at various times after the inuamuscular injection of 
streptomycin (100,000-300,000 units). As a record of the effect we measured the blood pressure l .  the common 
carotld artery, which was registered. 

I 
Fig. 1. The Influence of streptomycin on the effect d 
szimulation of the peripheral section of the celiac nerve. 

A) Normal basis; B, C, 13) the effect of stimulation of 
the celiac nerve at different imerval~ after, injection of 
streptomycin (given in 15 hours 18 minutes in a dose of 
2,$0.000 units). Inte~reta~on of the curves (from above 
downwards): ~espixation, Mood pre~-ure, time record 
(5 seconds), zecord of stimulation. 
Experimem No. 22 dated September 5, 1953. Cat weighing 
a.s kg. 

The reaction developing in respome to stimulatic.n of the nerve varied in i~ character. In some observa- 
tions, immediately after the beginning of stimulation of the celiac nerve the arterial pressure gradually rose~ then 
fell slightly and remained at a high level for a considerable time (evidently as a result of the reaction of the 
aflrenal glands, secreting adrenalin). In these experiments streptorr~cin did not change the magnitude of the vaso- 
motor reaction (Fig. 1). In another group of experimen~ in response to szimulation of the celiac nerve there 
arose a monophasic increase in the level of the arterial blood pre~u~e, which was much briefer than in the pre- 
vlous experiments. In these cases also injection of streptomycin had practically no effect on the character and 
magnitude of the blood pressure reaction to stimulation of the celiac nerve. 

Thus the resulzs of the experiments showed that streptomycin has no action on the sympafflezic division af 
the nervou~ system. 

In the secoodseries of experiments on 11 cats we studied the action of streptomycin on the parasympathetic 
division of the autonomic nervous system. The subject of the experiments was the heart. 

The experiments were performed under urethane narcosis. Both vagus nerves were divided and the peripheral 
section of one of them was stimulated by an electric current from an induction coil before and at vaflou~ intervals 



the~ the inaamuscular lnJecttoa of streptomycin (1500000-2~0,000 units). The effect was Judged by the blood 
l~essure recorded tn the common carotid artery. In ordinary conditions In respome to a short (5-10 seconds) zti- 
mulatton of the peripheral end of the vagus nerve there arose a considerable and rapidly developing reduction In 
the arterial pressure, accompanied by a marked dowiag of the tachycardia (vagus pulse). 

Ia 7 experiments I~e reaction of the heart to stimulation of tlae vagus nerve under the influence of strepto- 
mycin was unchanged or elxe sho~ed an extremely dight reduction, not more than by 12-18 %. which hardly ex-  
ceeded the limits of variation of this reaction as observed in control experimemx. 

In the remaining 4 experiments under the influence of streptomycin a partial blockade could be observed 10 
the transrnissfon of the sttmulus from the vagus nerve to the heart. The size of the reaction of the arterial pressure 
In these experiments was reduced by 32-40 ~ .  It  Is very probable that thIs effect is due to the presence of some 
affinity of the antibiotic to the parasympathetic dlvision of the aervom system, although not often apparent. Ana- 
lysis of the results of thes e observatiom, in comparison with those obtained earlier, suggests that the blocking ac-  
d o n  of the antibiotic on reflexes from chemorecepton is concerned least of all with its influence on the efferent 

of the reflex arc. We ate lef t  with the assumption that it depends on the action of streptomycin on the afferent 
l~an of this arc. 

Direct action of streptomycin on the receptors Is excluded by the conditions o f  the experiment. (per~uslon of 
the organ). The po~ibflity is also excluded of the influence of streptomycin on the peripheral conductors of the 
Impulses from the tissue receptors to the central nervous system, since in a third, special series of experimentr~, 
also performed on cats, it was proved that the antibiotic b loc~  the conduction of impul.ces along the nerve only 
In tm~.tal.ly high concentration (20,000 unit~r ml and above), which does not occur in these animah. 
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Fig. 2. The influence of streptomycin on reflexes from the chemoreceptors of the 
pericardium in the decerebrate cat.  
a,b, c)Ini t ial  ref lexes;  d) injection of streptomycin (1000 units); e, g) depression 
d reflexes from chemoreceptors after injection of streptomycin ~ f) reflex from 
mechanoreceptors (in contrast to the reflexes from the chemoreceptors this is tin- 
changed). Interpretation of the curves as in Fig. 1. Experiment No. 437 dated 
Se'ptembet ~ ,  1955. Cat weighing 3.5 kg. 

Consecgaently, from our observatiom the selective depressive action on reflexes from chemoreceptors Is con- 
nected with the action of streptomycin on the central section of the afferent part of the interoceptive reflex arc. 

I n  an attempt to localize this section, in the first place we excluded the cortical end of the internal analysor 
since the majority of the experiments were conducted on animals under narcosis. 

Previnu.~ly publi~ed experiments [2] showed that section of the brain at the level of the corpora quadragemina 
does not affect this described depressive action of streptomycin. This sugge~Ls that the point of action of strepto- 
mycin Is situated either in the pons and medttlla or in the spinal cord. The results of the fourth series of experiments 
made it posdble to define precisely the section of the central nervous system. 

Experiments were pedormed on cats, whose brains were sectioned under ether narcosis at a level between the 
anterior and posterior corpora quadragemina. Using the method described earlier reflexes were produced from the 
pericardium of these animaIs, from the chemoreceptors (to nicotine) and from the mechaaoreceprors (to the rapid 
Introduction of rearm physidogica/saline into the pericardia/cavity).  To judge the effect we recorded the blood 
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Fteuute and respiration (of 19 animals undergoing this form of operation, 6 survived), Streptomycin was l~ected 
intravenously In a dose of 90,000-100,000 units, 

In 4 experiments the Influence of streptomycin was studied on the reflex produced by nicotine in a diIutlon 
of 1 �9 10 "4. In three of these, under the action of the antibiotic the reflex completely disappeared, while In one 
experiment it was diminished by 75 %. The reflex to nicotine in a dilutinn of 1 ,  10 "s was completely suppressed 
In two out of 4 experiments, in the third it was reduced by 8,5 % and in the fourth, by 83 ~L 

In contrast to the experiments on Intact animals, in this series of experiments the reflexes from the mecha- 
noreceptors were diminished in 5 out of 8 experiments under the influence of streptomycin, in two by 20 ~ tn 
two more by 30-33 % and in one by 50 o/~ in only one experiment were these reflexes unchanged. However in 
experiments on decerebrated animals also it was cleariy shown that the resistance of the reflexes from the chemo- 
receptors of the pericardium to the action of streptomycin was incomparably smaUer than the resistance of the mo 
flexes from the mechanoreceptors of the pericardium (Fig. 2). 

The experimems described above exclude the possible action of the antibiotic on the region of the spfn~ 
cord since the afferent conducting pathways from the pericardium for the most part pass through the spinal cord 
directly into the medulla [4, 9, 10, 11]. 

The  following observations, made previously [5, 6, 7, 8] lead us to the same conclusinn: the ant~iotie(in 
experiments on narcotized animals) suppresses equally the reflexes from the chemoreceptors of the kidneys, spleen. 
intestine and hind limbs, the afferent pathways from which lead through the spinal cord, and the reflexes from the 
chemoreceptors of the pericardium, the lesser cimclation and the carotid sinus, the afferent pathways from which 
for the most part pass directly to the medulla, passing through the spinal cord. 

F-O: . . . . . . . . . .  @ 
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Fig. 3. The influence of exclusion by streptomycin of the 
chemoreceptors of the spleen on the excitability of the 
chemoreceptors of the small intestine. 
a) Initial reflex from the chemoreceptors of the spleen; 
b) total suppression of excitability Of the chemoreceptors 
of the spleen resulting from peffusion with a solution con- 
mining streptomycin (1000 units/rain); c) initial reflex 
from the chemoreceptors of the small intestine; d) reflex 
from the chemoreceptors of the intestine at the moment of 
suppression of the chemoreceptors of the spleen (not dimi-  
nished in size). Interpretation of the curves as in Fig. 1 
and 2. Experiment No. 241 dated November 25th, 1954. 
Cat weighing 2.0 kg. 

It therefore follows from our experimems that streptomycin, injected parenrerally, depresses reflexes from 
chemoreceptors by means of a blockading action in the bulbar intermediate centers of the conducting part of the 
internal chemical analysor. More accurate determination of the point of action of streptomycin in the interocep- 
rive reflex arc was found to be impossible by experimental methods available to us. 

In connection with the conclusions which we reached, the question arose of the nature of the influence shown 
by streptomycin on the above mentioned section Of the inreroccprive reflex arc. This could be a side effect, brought 
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:about by the depressive action of the drug on the tissue receptors with which the antibiodc came into contact dar- 
Ing parenteral Injection Into the animal (earlter the possibility of streptomycin lowering the excitability of the 
chemoreceptors by direct contact with the drag was shown ~ 3, 5, 6). However~ against this view was first of al l  
the h c t  that In experiments to study the Influence of streptomycin (by pa~enteral Injection) on rel'lexes from chemo- 
receptors of the same or other *test organs" conditions could not po~i~ly arise for an essential lowertng of the ex- 
citability of all the'chemoreceptors of the internal environment of the animal (with the doses of streptomycin uaed 
the maximum concentration of antibiotic In the blood did not exceed 50-250 units/rulo and for depression of chemo- 
receptors by direct action of the drug on them a concentration of 400-1666 units/ml Is required). 

order to check this possible side action of  streptomycin we performed a fifth series of experiments on 19 
eats In which we simultaneously perfused (by the usual method) two reFlexogenic zones (the Intestine and spleen), 
A11 forms of receptor In one of these zones were excluded (by novocain) or else only the chemoreceptors (by direct 
action of streptomycin on them), and we watched to see whether this resulted in any inhibition of reflexes from 
the chemoreceptors of the other reFlexogenic zone, not subjected to the action of streptomycin. IY exclusion 
the receptors of one of the perfused organs did in fact cause reflex Inhibition of the central elements of the internal 
chemical analysor, then the blood pressure and respLtadon reactions in response to stimulation of the second reflexo- 
genie zone would be considerably reduced, but this did not occur in the majority of our experiments (Fig. 3). Nor 
was the threshold of excitation of the chemoreceptors of the second organ altered, not subjected to the action of 
the antibiotic; only in a very small number of experiments (less than one third) was there any reduction in the 
magnitude of the reflexes from the chemoreceptors of the second reFlexogeulc zone. 

Finally, experiments in wMch minimal doses of the antibiotic were Injected suboccipitally, l~ublished earlier 
by us [8], excluding the factor which we have discussed, enabled us finally to discount the Idea of a side action of 
meptomycin on reflexes from chemoreceptors. 

Cousequently, an experimental analysis of the mechanism of depres~fon by streptomycin of the reflexes from 
the chemoreceptors had enabled us to prove that on parenteral injection, the drug shows a direct blockading effect 
on the bnlbar intermediate center of the conducting section of the internal chemical analysor. 

S U M M A R Y  

It  was established in acute experiments on cats that streptomycin has practically no sympatholytic adrenolytic 
or parasympathoIytic effect in doses which depress the reflexes from chemoceptors. It was, likewise demonstrated 
that streptomycin distuzbs the transmission of the impulse by the nerve only in high concentration. If chemoceptors 
of one zone are excluded by streptomycin (in its direct Contact with receptors of this zone), excitability of chemo- 
eeptors of the other zone, as a rule, remain normal. "Finally, it was shown that in parenteral administration strepto- 
mycin depresses the reflexes from the chemoceptors of the pericardium in brain section at the level of corpora qua- 
drtgemina. These observations, together with the data which were published in previous reports and evidence ob- 
tained from literature on the paths of transmission from the receptors of various reFfexogenic zones of intemaI organs 
l~rmft  the following conclustou-- the places of application of depressing effect of streptomycin In chemoceptor 
reflex arc are the bulbar tntermr centers of the transmissive portion of the ~ interocepdve chemical analysor. 
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