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The present study was undertaken to investigate the effects of kanamycin (KM),
bekanamycin (AKM) and ribostamycin (RSM), aminoglycoside antibiotics, on the con-
tractile response of isolated guinea pig vas deferens. The contractile response of isolated
vas deferens induced by electrical stimulation with rectangular pulses (50 volt, 5 Hz) of
0.5 msec duration for a beriod of 5 sec was abolished by guanethidine and tetrodotoxin, but
was not affected by hexamethonium. Therefore, the intramural nerves supplying the vas
deferens are undoubtly the postganglionic sympathetic nerves, and the above-mentioned
contractile response may be due to a stimulus effect of the electrical current on the
intramural nerves of the vas deferens (electrical nerve stimulation). Further, the contrac-
tile response of isolated vas deferens induced by electrical stimulation with rectangular
pulses (50 volt, 5 Hz) of 50 msec duration for a period of 5sec in the presence of
tetrodotoxin may be due to a stimulus effect of the electrical current on the muscle of the
vas deferens (electrical muscle stimulation). It has been proposed, moreover, that nora-
drenaline and adenosine triphosphate are simultaneously released from sympathetic nerves
in the vas deferens, and act as co-transmitters, while the isolated vas deferens evoked a
contractile response by exogenously added noradrenaline as well as exogenously added
adenosine triphosphate. KM (1X107°g/ml—1x10-%g/ml), AKM (5x10~¢g/ml—1x103
g/ml) and RSM (5%107°g/ml—1X107* g/ml) reduced the amplitude of the contractile
response induced by electrical nerve stimulation in a concentration-dependent manner.
KM, AKM and RSM, each at a concentration of 5% 10™* g/ml, reduced, with much approxi-
mation, the amplitudes of contractile responses induced by the three treatments, that is,
electrical muscle stimulation, exogenously added noradrenaline and exogenously added
adenosine triphosphate. However, each of these antibiotics at the concentration mentioned
was exceedingly potent in reducing the effect on the amplitude of the contractile response
induced by electrical nerve stimulation. All these findings may bring about a conclusion
that KM, AKM and RSM affect both intramural sympathetic nerves and muscle of the vas
deferens. It also seems possible that the effects of these antibiotics are greater on the
former than they are on the latter.
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INTRODUCTION these antibiotics on organs with smooth muscle

In general, aminoglycoside antibiotics are not have suggested that they act directly on muscle to
metabolized in the body and are excreted intact in  reduce its contractile response?~. We investigated
urine"). Several reports concerning the effects of  the effects of aminoglycoside antibiotics on the
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smooth muscle of the guinea pig urinary bladder,
which is under the control of parasympathetic
nerves, and suggested that the aminoglycoside anti-
biotics may affect the intramural cholinergic nerves
of the urinary bladder as well as its muscle?. We
have not found any report concerning the effects of
these antibiotics on organs with smooth muscle
under the control of the sympathetic nerves., We,
therefore, investigated the effects of aminoglycoside
antibiotics (kanamycin, bekanamycin and rebos-
tamycin) on the guinea pig vas deferens, which has
smooth muscle that is under the control of sympa-
thetic nerves.
MATERIALS AND METHODS

Guinea pigs (300—500 g) were stunned and exan-
guinated, and the vasa deferentia were excised,
stripped of connective tissue and desheathed. Each
segment from the midportion of the vasa deferentia,
approximately 12—15 mm in length, was used as an
experimental preparation. Each preparation was
immersed in an organ bath containing Krebs solu-
tion maintained at 28°C and gassed with 95% O, and
5% CO, (pH. 7.3). The composition of the Krebs
solution (mM) was as follows:133.5NaCl, 4.7
KCl, 2.5CaCl;, 0.1 MgCl,, 1.4 NaH,PO,, 16.3
NaHCO; and 7.8 glucose. The end near the testis
side of each preparation was fixed with pins and the
other end was connected by silk thread to a force
displacement transducer. The mechanical response
of each preparation induced by electrical stimula-
tion, exogenously added noradrenaline and exoge-
nously added adenosine triphosphate was recorded
isometrically under a load of 1g. Two platinum
plates (5 mmX5mm) were used as stimulus elec-
trodes. The electrodes were placed near the pins
that fixed the preparation. That is to say, the prepa-
ration was placed between two electrodes which
were set parallel and face to face with each other.
The space between the preparation and one elec-
trode was approximately 2 mm. The other electrode
was placed very close to the preparation, nearly
touching it. The preparation was electrically stimu-
lated with rectangular pulses (50 volt, 5Hz) of
durations ranging from 0.5—50 msec for a period of
5 sec.

The drugs used were adenosine 5’-triphosphate

disodium salt, guanethidine sulfate, hexamethonium
chloride, (x)-noradrenaline hydrochloride, tetro-
dotoxin, kanamycin sulfate, bekanamycin sulfate
and ribostamycin sulfate.

The concentrations of drugs used were the final
values in the organ bath; these are given in the
Results section. Each concentration of kanamycin
(KM), bekanamycin (AKM) and ribostamycin
(RSM) in the organ bath indicates the value which
was converted to the potency of the antibiotic. The
potencies of KM, AKM and RSM used in this exper-
iment were 673 ug/mg, 714 ug/mg and 686 ug/mg,
respectively.

The results are expressed as means+SD, and
Student’s t-test was used to evaluate the signifi-
cance of differences.

RESULTS

1. Effects of pharmacological antagonists on
the contractile response induced by electrical
stimulation

As shown in Fig. 1, electrical stimulation with
rectangular pulses (50 volt, 5 Hz) of 0.5 msec dura-
tion for a period of 5sec evoked a contractile
response. We then observed the effects of phar-
macological antagonists on these contractile re-
sponses. Guanethidine (5X107®* M) almost abol-
ished the contractile response (Fig. 1-1). Guaneth-
idine (1X10-%M) abolished it (data not shown),
as did tetrodotoxin (3x10-?M) (Fig.1-2). Hex-
amethonium (1X107* M) did not affect the con-
tractile response (Fig. 1-3).

2. Effects of KM, AKM and RSM on the con-
tractile response induced by electrical stimulation

We observed the effects of KM, AKM and RSM
on the contractile response induced by rectangular
pulses (50 volt, 5 Hz) of 0.5 msec duration for a
period of 5sec at intervals of 5min. As shown in
Fig. 2, KM, AKM and RSM all immediately reduced
the amplitude of the contractile response. That is to
say, the reduction of its amplitude reached the
maximum level 4 min after the addition of each
antibiotic and remained on the same level there-
after. This reducing effect was observed at any
concentration of antibiotic which produced a reduc-
tion in the contractile response (data not shown).
KM (1x10-°g/ml—1Xx10~*g/ml), AKM (5%10~°
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Fig. 1. Effects of pharmacological antagonists
on the contractile response induced by electri-
cal stimulation.

Electrical stimulation was given with rec-
tangular pulses (50 volt, 5Hz) of 0.5msec
duration for a period of 5 sec at intervals of 5
min. 1: Effect of guanethidine (Gua), 5X107°
M. 2: Effect of tetrodotoxin (TTX), 3x1077
M. 3:Effect of hexamethonium (Hexa), 1X
10-* M. Electrical stimulation was applied at
the triangular dots. Each agent was given at
the arrow mark.

g/ml—1x10~*g/ml) and RSM (5%10~% g/ml—1X
10~ g/ml) significantly reduced the amplitude of
the contractile response in a concentration-depend-
ent manner (Table 1). The reducing effects of these
antibiotics were restored by washing with normal
Krebs solution for approximately 30 min (Fig.2).
As shown in Table 1, the reducing effect on the
amplitude of the contractile response was in the
following order: AKM>KM >RSM.

3. Effects of KM, AKM and RSM on the con-
tractile response induced by electrical stimulation
in the presence of tetrodotoxin

First of all, the preparation, in the presence of
tetrodotoxin (3X10~7 M), was electrically stimulat-
ed with rectangular pulses (50 volt, 5 Hz) of dura-

mycin (AKM) and ribostamycin (RSM) on
the contractile response induced by electrical
stimulation.

Electrical stimulation was given with rec-
tangular pulses (50 volt, 5Hz) of 0.5msec
duration for a period of 5 sec at intervals of 5
min. Electrical stimulation was applied at the
triangular dots. 1: Effect of KM, 5X10~* g/ml.
2: Effect of AKM, 5X%107*g/ml. 3: Effect of
RSM, 5%10~*g/ml. Each agent (KM, AKM
or RSM) was given at the arrow mark. The
right side shows the contractile response ob-
served 30—40 min after washing with normal
Krebs solution.

tions of 0.5 msec, 5 msec and 50 msec for a period of
5sec. The preparation showed no response to the
stimulation with rectangular pulses -of (.5 msec
duration, while it showed a very weak contractile
response to the stimulation with rectangular pulses
of 5 msec duration (Fig. 3). The preparation, more-
over, showed a remarkable contractile response to
stimulation with rectangular pulses of 50 msec dura-
tion (Fig.3). Then we observed the effects of KM,
AKM and RSM at a concentration of 5x107* g/ml
on the contractile response induced by rectangular
pulses (50 volt, 5 Hz) of 50 msec duration for a
period of 5 sec in the presence of tetrodotoxin (3X
107 M). At this concentration, each antibiotic
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Table 1, Effect of kanamycin, bekanamycin and ribostamycin on the contractile
response induced by electrical stimulation

Amplitude of
Agent Concentration N contractile response
(g/ml) (% of control)
Kanamycin 5x10-* 6 100£2
1x10-* 6 94+3°°
5x10-* 8 8713%°
1x10-¢ 8 80t4°°*
5x10-¢ 9 4718°°*
1x10-? 6 1513
Bekanamycin 1x10-* 6 1002
5x10-° 6 96t 2°
1x10-* 6 8713°°*
5x10-t 6 77+3°°*°
1x10-¢ 9 6518
5x10-¢ 8 16+3°°°
1x10-* 5 0
Ribostamycin 1x10-* 6 100+3
5x10-* 6 94+4°
1x10-¢ 7 82+2°°°
5X10-¢ 7 615
1x10-? 7 4514°°°

The preparation was stimulated with rectangular pulses (50 volt, 5 Hz) of 0.5
msec duration for a period of 5 sec. N indicates the number of preparations
used. Each value represents the mean *+ SD of the amplitudes of contractile
responses observed 14 min after the addition of an agent. *, * %, and * * %
indicate significance differences from the value before the addition of an agent,
namely, from the control, at P<0.05, P<0.01 and P<0.001, respectively.

reduced the amplitude of the contractile response
(Fig. 3 and Table 2-A). The reducing effects of the
antibiotics were restored by washing with Krebs
solution containing tetrodotoxin (3107 M) for
approximately 30 min (Fig. 3). The reducing effect
on the amplitude of the contractile response was in
the following order: AKM>KM>RSM (Table 2-
A).

4. Effects of KM, AKM and RSM on the con-
tractile response induced by exogenously added
noradrenaline

As shown in Fig. 4, the preparation showed a
contractile response to exogenously added nora-
drenaline (1x10~%M). KM, AKM and RSM, each
at a concentration of 5%107*g/ml, reduced its
amplitude (Fig.4 and Table 2-B). The reducing

effects of these antibiotics were restored by washing
with normal Krebs solution for approximately 30
min (Fig. 4). The reducing effect on the amplitude
of the contractile response was in the following
order: AKM>KM>RSM (Table 2-B).

5. Effects of KM, AKM and RSM on the con-
tractile response induced by exogenously added
adenosine triphosphate

As shown in Fig.5, the preparation showed a
contractile response to exogenously added adeno-
sine triphosphate (5xX10-°*M). KM, AKM and
RSM, each at a concentration of 5X107*g/ml,
reduced its amplitude (Fig.5 and Table 2-C). The
reducing effects of these antibiotics were restored
by washing with normal Krebs solution for approxi-
mately 30 min (Fig.5). The reducing effect on the
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mycin (AKM) and ribostamycin (RSM) on
the contractile response induced by electrical
stimulation in the presence of tetrodotoxin.
1: The preparation, in the presence of tetro-
dotoxin (3x1077 M), was stimulated with
rectangular pulses (50 volt, 5Hz) of dura-
tions of 0.5, 5, and 50 msec (ms) at the tri-
angular dot, as indicated, for a period of 5 sec.
2—4: The preparation, in the presence of tetro-
dotoxin (3X10~7M), was stimulated with
rectangular pulses (50 volt, 5 Hz) of 50 msec
duration at the triangular dots for a period of
5 sec. 2: Effect of KM, 5%107* g/ml. 3: Effect
of AKM, 5%10~* g/ml. 4: Effect of RSM, 5X
10-*g/ml. The left side in 2—4 shows the
contractile response in the absence of an agent
(KM, AKM or RSM), namely, the control.
The middle in 2—4 shows the contractile
response in the presence of an agent. Each
agent was given 14 min before electrical stim-
ulation (at the arrow mark). The right side in
2—4 shows the contractile response observed
30—40 min after washing with Krebs solution
containing tetrodotoxin (3X10-7 M).

amplitude of the contractile response was in the
following order: AKM>KM>RSM (Table 2-C).
DISCUSSION
Electrical stimulation with rectangular pulses of
0.5 msec duration evoked a contractile response.

mycin (AKM) and ribostamycin (RSM) on
the contractile response induced by exoge-
nously added noradrenaline.

1: Effect of KM, 5%107*g/ml. 2: Effect of
AKM, 5x10~* g/ml. 3: Effect of RSM, 5x10~*
g/ml. In all experiments, noradrenaline (1x
10~ M) was given at the triangular dot. Each
agent (KM, AKM or RSM) was given 14 min
before the addition of noradrenaline (at the
arrow mark). The left side in 1—3 shows the
contractile response in the absence of an
agent, namely, the control. The middle in 1—
3 shows the contractile response in the pres-
ence of an agent. The right side in 1—3 shows
the contractile response observed 30 min after
washing with normal Krebs solution.

The contractile response is adrenergic in nature,
since it is abolished by guanethidine, an adrenergic
neuron blocking agent, and tetrodotoxin, a neuron
blocker. Hexamethonium, a ganglionic blocker, did
not affect the amplitude of the contractile response
induced by the electrical stimulation (Fig.1).
Therefore, the contractile response may be due to
the release of transmitter from intramural postgan-
glionic sympathetic nerve endings of the prepara-
tion as a result of a stimulus effect of the electrical
current on the intramural nerves of the preparation
(electrical nerve stimulation). On the other hand,
electrical stimulation with rectangular pulses of 50
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Table 2. Effects of kanamycin, bekanamycin and ribostamycin on the contractile

response induced by electrical stimulation, exogenously added
noradrenaline and exogenously added adenosine triphosphate

Amplitude of
Agent Concentration N Contractile response
(g/ml) (% of control)

kanamycin 5x10-* 7 851 4°°*°

A bekanamycin 5%10-4 7 71t10°°
ribostamycin 5X10-* 7 95t 6
kanamycin 5X10-¢ 8 85+ 5°°*

B bekanamycin 5x10-¢ 8 81+12¢*°*
ribostamycin 5x10-¢ 8 891 4°*
kanamycin 5x10-¢ 73+ 5°°°

C bekanamycin 5X10-* 6 71+ 3°*°°
ribostamycin 5%10-* 6 85+ 5°**

A: Effect of each agent on the amplitude of contractile response induced by
electrical stimulation. The preparation, in the presence of tetrodotoxin (3Xx10-’
M), was stimulated with rectangular pulses (50 volt, 5 Hz) of 50 msec duration
for a period of 5 sec. B: Effect of each agent on the amplitude of contractile
response induced by exogenously added noradrenaline (1Xx10-* M). C: Effect of
each agent on the amplitude of contractile response induced by exogenously
added adenosine triphosphate (5X10-* M). N indicates the number of
preparations used. Each value represents the mean +SD of the amplitudes of
contractile responses observed 14 min after the addition of an agent. * * and
* * * indicate significance differences from the value before the addition of an

agent, namely, from the control, at P<0.01 and P <0.001, respectively.

msec duration in the presence of tetrodotoxin, a
neuron blocker, evoked a contractile response (Fig.
3). This result suggests that the contractile response
is not mediated by a stimulus effect of the electrical
current on the intramural nerves of the preparation,
but is mediated by a direct stimulus effect of the
electrical current on the muscle of the preparation
(electrical muscle stimulation). It has been pro-
posed, moreover, that noradrenaline and adenosine
triphosphate are simultaneously released from sym-
pathetic nerves in the tissue, and act as co-transmit-
ters’~®. Exogenously added noradrenaline and ade-
noshine triphosphate have been shown to act, re-
spectively, at a,-adrenoceptor and P,-purinoceptor
of the muscle in the vas deferens wall, and to
mediate the contractile response of the muscle’~®.
That is to say, they act directly on the muscle in the
vas deferens wall.

We then observed the effects of KM, AKM and

RSM on the contractile response of the preparation
induced by electrical nerve stimulation, electrical
muscle stimulation, exogenously added noradren-
aline and exogenously added adenosine triphos-
phate. The highest concentration of KM, AKM and
RSM in the blood is in the range of about 1.9x107°
g/ml to 8 X10° g/ml, as already known, when these
antibiotics are intramuscularly administrated to a
man at the clinical dose!’~'®. However, we have not
found any report from clinical point of view
concerning the effects of these antibiotics on organs
with smooth muscle under the control of the sympa-
thetic nerves. KM (1X107°g/ml—1x10"2g/ml),
AKM (5%X10°®g/ml —1x107%®g/ml) and RSM
(5X10~°g/ml —1X10%g/ml) each reduced the
amplitude of the contractile response induced by
electrical nerve stimulation in a concentration-
dependent manner (Table 1). KM, AKM and RSM,
each at a concentration of 5X%107* g/ml, reduced,
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Fig. 5. Effects of kanamycin (KM), bekana-
mycin (AKM) and ribostamycin (RSM) on
the contractile response induced by exoge-
nously added adenosine triphosphate.

1: Effect of KM, 5x10~* g/ml. 2: Effect of
AKM, 5x107* g/ml. 3: Effect of RSM, 5x10~*
g/ml. In all experiments, adenosine triphos-
phate (5X10°*M) was given at the triangu-
lar dot. Each agent (KM, AKM or RSM) was
given 14 min before the addition of adenosine
triphosphate (at the arrow mark). The left
side in 1—3 shows the contractile response in
the absence of an agent, namely, the control.
The middle in 1—3 shows the contractile
response in the presence of each agent. The
right side in 1—3 shows the contractile re-
sponse observed 30 min after washing with
normal Krebs solution.

with much approximation, the amplitudes of con-
tractile responses induced by the three treatments,
that is, electrical muscle stimulation, exogenously
added noradrenaline and exogenously added
adenosine triphosphate (Figs.3~5 and Table 2).
However, each of these antibiotics at a concentra-
tion of 5X107*g/ml was exceedingly potent in
reducing the amplitude of the contractile response
induced by electrical nerve stimulation (Table1).
From the above-described results, two possible
mechanisms might explain the effects of KM, AKM
and RSM in reducing the contractile response. One

of the two possible mechanisms is supposed to be
that these antibiotics directly act on the muscle and
reduce its contractile response, since each one of
these antibiotics reduced the amplitude of the con.
tractile responses induced by the above three treat-
ments with much approximation. This mechanism is
the same as that reported previously concerning the
effect of such antibiotics on the organs with smooth
muscle?~*. The other possibility is that KM, AKM
and RSM act on the intramural sympathetic nerves
of the vas deferens and reduce the contractile
response of the tissue mediated by the release of
transmitter from its nerve endings, since all of these
antibiotics were exceedingly potent in reducing the
amplitude of the contractile response induced by
electrical nerve stimulation, even at the lower con-
centration than 5X10~‘g/ml, reduced such ampli-
tude significantly (Table 1). It also seems possible
that the effects of these antibiotics are greater on
the intramural sympathetic nerves than they are on
the muscle of the vas deferens. In addition, as shown
in Tables 1 and 2, the reduction in the amplitude of
the contractile response was in the following order:
AKM>KM>RSM.

All these findings may bring about a conclusion
that KM, AKM and RSM affect both intramural
sympathetic nerves and muscle of the vas deferens.
It also seems possible that the effects of these antibi-
otics are greater on the former than they are on the
latter.
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EIEY MIE OIMERIEIC 8 & 12T aminoglycoside antibiotics D

H H E %
TR | MWK L E Y FRE

VN - ]
FRAA SR LML RE

Aminoglycoside antibiotics iz /& 3~ % kanamycin (KM), bekanamycin (AKM) 8 &
U rebostamycin (RSM) DiHENVE Y M MMEDONKERIGK 8 & I2TEEC OV TH
RS, MEKIBH (50 volt, 0.5 msec DEKHIZT, 5Hz DHE T 5sec MIBIM) &b
B2 2B OINRERIG 12, guanethidine % tetrodotoxin iz & D fHIE S 728, hex-
amethonium OEWEBIF R o7, LicttoT, MABCHHL T 3 BAME TSR
HEOMEMETD S Z L iIR»THY, LRONMRIEIR, £OMEICHT 2RHAOH
R (BROHEFN) cEEL T3, %7, tetrodotoxin FHET T, MANM (50
volt, 50 msec DEFEIZ T, 5Hz OHBET 5sec MHIB) i & EE 3 h 3 BRI,
BHOMMES IO 2 HERMYR (BANHHE cERBL T3, &5, nora-
drenaline L adenosine triphosphate (X, MiE ORXEFEDL S FRFICHE & h, RO
#HiZ co-transmitter £ UL TYEAT 5 Z EBAIS N TV 503, ¥4I noradrenaline % i
ZTH, 4% adenosine triphosphate 21X TH, WHERERIERGERL 12,
KM(1x107° g/ml~1X10"* g/ml), AKM (5X10°g/ml~1x10"*g/ml) ¥ X U* RSM
(5X107° g/ml~1X10"g/ml) i3, &%, AEKFHCRINAERNRCIIBEREIIS
INEREDOIMEE 2 HEBT S B, 5X107*g/ml O & E D KM, AKM & X *RSM i3,
£2, BRAHRIE, 4RSS X7z noradrenaline 8 & U443 ic 5 % 7z adenosine tri-
phosphate ® 3 DDALB I & D BRI N 3 UBRICOPNER = ZIZRBE KB I,
LHL, AEOEYTIEHR, KM, AKM 8 X U RSM i, &4, EXNMERNBICIVE
BIN2ERICOPFER LT, XVHL»RBBHRER L, LROEELY,
KM, AKM 8 X UFRSM iz, MiMEOBRALZRBRMELHOME cHHNEEEBLIZT
EMNTFREINT, TOMEINEEL, HELD LRHFCHLTATHo 7

* SR E X A T 50-1



