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In "the earl ietT~blicat ions from this laboratory [1, 2~ 3, 4] it was shown that sueptomycin, gfven parenteral- 
ly, had the ability r~ cause profound depression of reflexes from the small intestine and carotid sinus chemo- 
receptors, On the o ~ e r  hand, reflexes arising upon stimulation of the urinary bladder mechanoreceptors and 
those of the centrat~ ~ '~do~  of  the tibial nerve proved to be very resistant to the inhibitory effect of the anti- 
biotic. 

The present c ~ u n i c a t i o n  presents data of further studies on the effect of streptomycin on interoceptive 
reflexes from the sp~l~en, kidney and the hind limb. 

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

Experiments wv~,e performed on cats under urethane anesthesia. Stimulation of the spleen, kidney and 
hind l imb c h e m o r e c ~ r s  was achieved in the following way. The organ was subjected to vascular isolation by 
the V. N. C h e r n i g o v ~ "  technique; the organ then derived its nutrition from oxygenated Tyrode solution. T h e  
Isolated organ prescribed its connection with the organism only by means of its nerves. Acetylcholine or carbon 
dioxide was then a d ~ d  to the perfusion fluid, thus achieving stimulation of the chemoreceptors. 

In some of thc~: r the tibial nerve was simultaneously exposed in the lower third of the shank (in experi- 
ments with perfusioez ~ f  the lower l imb the nerve was exposed off the side of vascular isolation) Which was then 
subjected to inducff~ ,current  slimulation. 

Streptomycin ( ~ e  sulfate or calcium chloride complex) was injected intramuscularly or intravenously 
after the initial b a c k ~ d  of chemoreceptor excitability had been established. At different intervals after 
injection of the antibi~r~c the reflexes from chemoreceptors were again reproduced, and i n a  number of cases 
this applied also to r ~ e x e s  arising from stimulation of the tibial nerve. 

E X P E R I M E N T A L  RESULTS 

Effect O f s t r e ~ y c i n  on reflexes from spleen chemoreceptors, In 7 control experiments it was established 
that the excitability' ~Ir ~hemoreceptors in perfused spleen with respect to the stimuli used was sufficiently high 
and that it was m a i r r ~ n e d  without appreciable changes for as long as li/z-3 hours during which observations 
were made. 

The effect of  s ~ p t o m y c i n  on reflexes from the spleen chemoreceptors was studied in 17. experiments, 
The antibiotic was g ~  intramuscularly: in 3 experiments in doses of 250,000 units, in 9 experiments in doses 
of 350,000 units and ~n t ~ o  experiments in doses .of 500,000 units. In  9 experiments streptomycin was injected 
into the femoral ve~:~ ~n donee of 36,000, 60,000 and 100,000 units. 



Fig. 1. Effect of streptomycin on reflexes from chemoreceptors in perfused spleen and tibial 
n e r v e .  

a), b), e), d), e) Initial reflexes from the tibial nerve and spleen chemoreceptors (to various 
stimuli);.f), g), h), j), k), 1), m), o), p) reflexes from the spleen chemoreceptors after 
administration of streptomycin (injected at 12 : 25 intramuscularly in the dose of ,350,000 
units and at 2 :45  intravenously in the dose of 100,000 units); i), n) reflex from the 'tibial 
nerve after administration of streptomycin (increased by 48 and 63%). Records from above 
down; respiration, blood pressure, base line, stimulus mark, time marker (5 seconds);q - 
stimulation of the tibial nerve; ~ - acetylcholine injection. Experiment 189, May 20, 
1954. Cat weighing 3.2 kg. 

In all the experiments the magnitude of the reflex from spleen chemoreceptors to acetylcholine in dilution 
1 x 10 -4 (1 ml) was diminished under the influence of streptomycin. In most cases (9 out of 13) the reflex to 
aeetylcholine proved to be either completely inhibited or inverted, i .e . ;  depressor instead of pressor; the reflex 
was reduced by 87% in one case, by 33-44% in three cases. 

The excitability of the spleen chemoreceptors with respect to acetylcholine (1 • 10 "4) proved to be 
reduced in most experiments as soon as 10-40 minutes after administration of the antibiotic; this was observed 
In 11 out of 13 cases. Maximal inhibition of the reflex to acetylcholine in the majority of experiments (9 out 
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of 13) occurred within the first hour following intramuscular injection of the antibiotic. Intravenous injection of 
the antibiotic inhibited the reflexes more rapidly. In these caser the described effect appeared when minimal 

doses of streptomycin (60,000-100,000 units per cat) were used. 

The effect of streptomycin on reflexes elicited by acetylcholine in 1 x 10 "s dilution (1 ml) was studied 
in 15 experiments. The reflex to acetylch01ine was reduced in most cases (13 out of 15) under the influence of 
streptomycin. In 6 experiments it disappeared completely, in 2 it was reduced by 75-76%, in another 2 by 50-58% 
and in 3 by 40-45~ Maximal inhibition of the reflex to acetylcholine (1 x 10 "3) following intramuscular 
administration of the antibiotic occurred in most cases within the first or second hour, and in the course of 2-21/2 
hours in the remainder. 

In 1S other experiments a study was made of the effect of streptomycin on reflexes from the spleen 
chemoreceptors to carbon dioxide. In 9 cases the reflex disappeared completely or underwent inversion on 
injection of the antibiotic, decreased considerably in 4 (by 52-73a]0), decreased by only 13~7o in one and was 
unchanged in one case only. Maximal inhibition of the reflex to carbon dioxide following intramuscular in- 
jection of the antibiotic was observed during the first or second hour in 9 experiments. Inhibition of the reflex 
was more rapid when the preparation was injected intravenously. 

Finally. in 7 experiments of this series a parallel study was made of the excitability of the spleen chemo- 
receptors to oneor anoth~ stimtdt~ and of reflexes elicited by electric current stimulation of the fibial nerve. In 
4 experiments the reflex from the tibial nerve was decreased, but only slightly, under the influence of strepto- 
mycin. Maximal reduction of the reflex was by 6.14 and 20%, and only in a single case did it reach 60%. In 
3 experiments the reflex was, on the contrary, increased (by 19, 42 and 63%). 

Parenterally administered streptomycin thus exerts a marked inhibitory effect on reflexes from the chemo- 
receptors of perfused spleen connected with the organism by nerves only. Unlike the spleen chemoreceptor re- 
flexes, those from the tibial nerve either increased or decreased, although usually to a considerably lesser extent, 
under the influence of streptomycin (Fig. 1). It follows from these data that the tibial nerve reflex is more re- 
sistant to the action of the antibiotic than the reflexes from the spleen chemoreceptors. Detailed analysis of the 
data obtained revealed that reflexes from chemoreceptors were inhibited to a much greater degree ~I~an reflexes 
from the nerve; this held true for those cases in which the initial magnitude of these reflexes was the same. 

Stimulation of the spleen chemoreceptors led, in a number of cases, to changes in respiration. Strepto- 
mycin as a rule inhibited not only the vasomotor but also the respiratory component of the reflex from these 
chemoreceptors. 

The effect of streptomycin on reflexes from kidneychemorecep .tgrs, This effect was studied in 9 experi- 
menu. The antibiotic was given intramuscularly in 2 cases in doses of 300,000 -400,000 units, intravenously 
in seven in doses of 70,000-200,000 units. 

In 2 experiments nicotine in 1 ,x 10 "6 dilution served as stimulus for renal chemoreceptors. Under the 
influence of streptomycin the reflex diminished by 75% in one case and was c0mpletely inhibited in the second. 

In 4. experiments nicotine in 1 x 10 -'~ dilution was used as stimulus for renal chemoreceptors. Under 
the influence of streptomycin the reflex to nicotine diminished by 50~ in one case, by 80% in another and in 
the remainder it was completely suppressed. 

The effect of streptomycin on reflexes from renal chemoreceptors to nicotine in 1 • 10 -4 dilution was 
studied in 2 experiments. In one case the reflex was reduced by.88%, in the other it disappeared completely. 

The effect of streptomycin on reflexes elicited by 1 x 10 "~ dilution of nicotine was studied in 3 experi- 
menu. In 2 cases the reflexes disappeared completely under the influence of the antibiotic and in one case 
there was 92% reduction. 

Maximal inhibition of reflexes from renal chemoreceptors to the stimuli mentioned above appeared within 
40 minutes-  lX/2 hours when streptomycin was given intramuscularly and after 20-40 minutes when it was given 
intravenously. 

In 2 experiments the threshold of the vascular reflex to stimulation of the tibial nerve was determined during 
the period of inhibition of reflexes from the renal chemoreceptors; the threshold proved to be equal to 16 cm in 



Fig. 2. Effect of  s t reptomycin on reflexes from perfused kidre 2, 

a) In i t ia l  reflex; b), c), d), f) after administrat ion of strepto:TC;.<in (intravenous inject ion 

at  11 : 36 in the dose of 100,000 units); g) reflex to s t i m u l a ~ m  of  t ibial  nerve. Records 
from above down: respiration, blood pressure, base l ine,  t i ~  marker (5 seconds), 

stimulus mark. ~ - s t imulat ion of t ibial  nerve; ~ - acetyldh~2tne inject ion.  

Experiment 419, September 2, 1955. Cat  weighing 2.8 kg. 

one exper iment  and 15 cm in another (in control experiments  the thresholk] ~a~ t 4  and 17 cm respect iveiy) .  These 
data indicate  preservation of high exc i t ab i l i ty  of the vasomotor center  a g k i ~  the background of depression of 
reflexes from renal  chemoreceptors  (Fig. 2). 

The respiratory reflex arising from st imulat ion of chemoreceptors  wz~ d~res sed  to the same extent  as the 
vasomotor reflex under the influence of s t reptomycin.  

Effect of s t reptomycin on reflexes from tissue ch_____emoreceptors of the ~L-~ff limb._ It was established in 5 pre-  
l iminary  Control exper iments  that the magnitude and character  of reflexes ~ m  tissue chemoreceptors  of the l imb 
remained substantial ly unaltered throughout 2-4  hours of observation when ~ were subjected to repeated act ion 
of  the st imuli  used (ace ty lchol ine  and tuberculin); the same was true for re~fL~es from the t ib ia l  nerve. 

The effect  of s t reptomycin on reflexes from the chemoreceptors  of xh~ ~ b  e l i c i t ed  by ace ty lchol ine  in 
1 x 10 "s and 1 x 10 -4 dilution was studied in 13 experiments .  In al l  expefiTe_e~ats without except ion the effect  
of  the ant ib iot ic  was to depress the reflexes to ace ty lchol ine  (by an average ~f79.5%).  In 4 experiments  the 
reflex to a c e t y l c h o l i n e  disappeared ent i re ly  or was inverted;  in 5, depression eg ~eflexes by more than 75% was 
observed, in two, by 50% and over, in two others by 40 and a6%. Depression <~,:reflexes to acety lchol ine  became 
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maximally apparent during the first hour in 6 cases and 
during the second hour following administration of the 
antibiotic in the remainder. 

In all the 13 experiments the effect of streptomycin 
on the magnitude of reflexes from the tibial nerve of the 
perfused limb was also studied. In 4 experiments the reflex 
from the nerve diminished by 20-30~ in 3 by 36-40%, 
in 5 by 41-76%;in one experiment the reflex increased. 
Maximal depression of the reflex from the tibial nerve was 
noted after 20-60 minutes in 4 experiments, in the re- 
mainder after 1-2 hours following administration of the 
antibiotic. It must, however, be pointed out that the reflex 
from the tibial nerve was not depressed by streptomycin 
consistently and far from every time the stimulus was 
applied. The reflex referred to was diminished in 29 out 
of 44 tests. In seven o f these observations the diminution 
of the reflex was extremely slight (less than 15%). Unlike 
this, the reflex from the limb chemoreceptors to acetyl- 
choline after administration of streptomycin proved to 
be diminished in the overwhelming majority of cases (46 
out of 49), slight diminution (less than 15%) being noted 
in only 7 of 46 cases. 

It must also be pointed out that in 7 out of 13 experi- 
menu with perfusion of the limb, no changes in the reflexes 
from the tibial nerve were noted during the first phhse of 
the antibiotic's action while in the remainder the reflex 
even showed an increase of 5-39~ a phenomenon not 
observed in the study of reflexes elicited by acetylcholine. 

Finally, comparison of the effect of streptomycin on 
reflexes from the tibial nerve and to sr2mulation of chemo- 
receptors by acetylcholine applied to eachexperiment 
showed that reflexes from chemoreceptors were depressed 
much more rapidly and to an immensely larger extent 
(Fig. 3). Analysis of the whole material revealed that 
in the main only during the late stages of streptomycin's 
action, especially when large doses of the antibiotic were 
used, the profound depression of reflexes to acetylcholine 
was associated with depression of reflexes from the tibial 
nerve as well, which did not, however, in a single experi- 
ment reach the same level as that observed for chemorecep- 
tors. 

The data obtained thus showed that parenteral ad- 

ministration of streptomycin in most cases caused marked 

weakening or complete depression of reflexes from the 

chemoreceptors of the spleen, kidney and hind limb. This 

effect occurred more rapidly when the antibiotic was given 

intravenously than intramuscularly. 

The depression of reflexes from chemoreceptors was 
persistent and remained for 11~-2 hours when streptomycin 
was given intramuscularly; the reflexes began to recover 
gradually after this period of time. The effect was rather 
more short-lived when the antibiotic wa~ injected intra- 
venously. 
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Streptomycin depressed both the vasomotor and the respirator, ~ f t e x ~  arising t o m  stimulation of chemo- 
receptors. 

Unlike the chemoreceptor reflcxes, reflexes arising from s t i t ~  of  a somatic afferent nerve (tibial) 
tended to increase or remaincd unchanged under the influence of "~t~e4~vz~mycir~ In some cases these reflexes 
were diminished. Thc latter was observed during later periods and ffr :~, ,~ession of these reflexes was less 
marked, being relatively transient and appearing when large doses of=.~:~e~:ptomycin were used. These data indi- 
cated that the excitability of the vasomotor and respiratory centers te~ffc~rent impulses from a peripheral somatic 
nerve did not, in most cases, decrease significantly under the influenc~, of  the antibiotic. It must also Ix stressed 
that under the experimental conditions employed the antibiotic did nc~z=~re/me into direct contact with the tissue 
chemoreceptors of the spleen, kidneys and the limb from which reflexes; ro chemical  stimuli were elicited. 
Consequently, both the receptors themselves and the efferent part of the ~ tqex  arc were not subjected to the action 
of streptomycin. It follows from this that the depressing effect of the a ~ i o t i c  on reflexes from chemoreceptors 
is associated with its blocking influence on that portion of the afferent r ~ :  of the reflex arc which is situated 
Within the central nervous system. 

S U M M A R Y  

Short-term experiments on cats under urethane anesthesia were ~r~efformed. The effect of streptomycin 
introduced parenterally was studied on reflexes from chemoreceptors of  ~ spleen, kidney and hind limb. 
Chemoreceptors were stimulated by acetylcholine, nicotine and carbo~ 6 { ~ i d e  which were introduced into the 
fluid perfusing these organs, isolated from the general circulation but c r162 to the organism by the nerves. 
It was established that streptomycin in a dose of 60,000 to200,000 unitsc.~mpletety eliminates or markedly depressc~ 
the reflexes from chemoreceptors when introduced intramuscularly; the ~r~,:~:rdmal effect of the antibiotic is most 
frequently seen at the end of the first hour or during the second followir~:~ ~ e  intramuscular injection, and during 
the first hour after intravenous injection. However, the reflexes which ~F~-~ared in stimulation of the central portion 
of the large tibial nerve by induction current in the same experimental ,a~dii ions were different from the reflexes 
coming from chemoreceptors. They either did not change at all, or sho~e:~e3 only slight increase or decrease. 
Sometimes these reflexes were subjected to pronounced depression. H o ~ e ~ r ,  this occurred only when large 
doses of the antibiotic were used at the late stages of its action and to ,~ ~ r  degree than the reflexes from rile 
daemdreceptors. The authors comes to the conclusion that streptomycir~. ~ a marked neurotropic effect, which 
is manifested in depression of file part of the chemoreceptor reflex are !~c~tcd in the central nervous system. 
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