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In mammalians the uterus is at rest during pregnancy 
until near birth. Local, maternal, mechanical or fetal 
stimuli cause the myometrium, which is at rest, to 
contract during birth. The frequency and amplitude of 
these contractions are high until the birth is completed 
(38). The molecular mechanisms including myome-
trial contractions and birth control in species such as 
humans, goats, and cows have been explained com-
prehensively in previous studies (15, 38). The control 
of myometrial contractions is critical not only for the 
management and understanding of regular birth, but 
also for early response to and the understanding of post-

partum uterus involution. The cattle myometrium has 
the ability to contract spontaneously, as it consists of 
smooth muscles (10-12). Known as myogenic activity, 
this contraction is basically managed by the hormonal 
(9) and neural systems (13, 36).

There are many studies on the effects of antibiotics 
on the contractions of smooth muscles, including the 
uterus (2, 8, 31). It has been reported that rifaximin 
stimulates uterus contractions in nonpregnant cows 
(32) and that ceftiofur has an additive effect on the 
strength of contractile activity of the myometrium, 
as shown in an in vitro study on nonpregnant heifers 
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Summary

The aim of the present study is to examine the effects of gentamicin sulphate on spontaneous, oxytocin and 
PGF2α induced in vitro contractions of myometrium isolated from pregnant cows.

Myometrial strips were obtained from healthy pregnant cows and suspended in a covered organ bath 
filled with Krebs’ solution at 37°C (pH 7.4) continuously bubbled with 95% oxygen and 5% carbon dioxide: 
isometric contractions were recorded using an isometric force displacement transducer. After the stabilization 
of spontaneous contractile activity during a 90-minute equilibration period, contractions were recorded for 
20 minutes (control). Gentamicin sulphate was then added to the tissue bath cumulatively and the responses 
were recorded every 20-minutes for each consecutive dose of gentamicin. In agonist-induced contractions, 
oxytocin or PGF2α was added to the tissue bath at the end of the equilibration period and the same protocol 
was followed to investigate the effects gentamicin on these agonist-induced contractions.

Gentamicin decreased the frequency and inhibited the amplitude of the spontaneous contractions in a dose 
dependent manner (p < 0.05). The mean frequency and amplitude of oxytocin-induced contractions was 
significantly inhibited by the application of gentamicin (p < 0.05). Gentamicin also inhibited the contractions 
induced by PGF2α in a dose dependent manner (p < 0.05). This study showed gentamicin inhibited, depending 
on the dosage, oxytocin and PGF2α induced contractions of myometrium isolated from pregnant cows. Upon 
clinically examining the findings obtained by the study, gentamicin can be used as an antibacterial in septic 
abort and chorioamniotis in order to prevent premature birth, abortion and early uterus contractions. Further 
studies are necessary to test whether the same effect will take place in vivo and to examine the effects of long-
term use of gentamicin on offsprings.
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and cows (31). In another study, it was reported that 
amoxicillin inhibits uterus contractions, enrofloxacin 
increases contraction and rifaximin increases contrac-
tion in the follicular phase and causes relaxation in the 
luteal phase (29). It has been determined that erythro-
mycin inhibits oxytocin and carbacol-induced uterus 
contractions in pregnant rats (8), and that it also inhibits 
PGF2α-induced uterus contractions in nonpregnant rats 
(2). It has also been shown that clarithromycin inhibits 
human uterus contractions (1), and that pre-treatment 
with fosfomycin and amoxicillin improves the oxytocin 
sensitivity of the pregnant rat uterus, while doxycycline 
does not affect this mechanism (3).

Gentamicin, which belongs to the aminoglycoside 
antibiotic group, has bactericidal effects, and it is 
commonly used in the treatment of serious infections 
induced by gram negative aerobic bacteria, including 
Pseudomonas aeruginosa, several gram positive bacte-
ria, as well as Mycoplasma and Staphylococcus species 
(4, 19). Gentamicin has autotoxic effects, but its main 
toxic effect is nephrotoxicosis. Nowadays, high dos-
age and once-daily dosing are recommended in most 
treatment protocols in order to improve antimicrobial 
activity of gentamicin and to reduce its nephrotoxic 
effect to the minimum. If bacteriological examination 
and antibiogram results show that an aminoglycoside is 
required, gentamicin should be preferred first as there 
is more knowledge on its usage during pregnancy (4). 
It has been reported that in pregnant mares in which 
placentitis have developed, gentamicin accumulates in 
adequate amounts in amniotic fluid when used alone 
or with other antibiotics (17), and that the treatment is 
successful, therefore, early birth is prevented, allowing 
healthier births to take place (16).

It has been reported that the aminoglycoside group 
of antibiotics, including gentamicin, inhibit spontane-
ous rat myometrium contractions, but do not affect 
contractions induced by oxytocin and PGF2α (25, 26). 
It was also shown in an in vitro study that gentamicin 
inhibits spontaneous and agonist-induced contractions 
in nonpregnant cows (22). In another in vitro study,  
it was shown that it inhibits KCI-induced contractions 
in both pregnant and nonpregnant cows (23).

Although there are various studies on the effects of 
antibiotics, including gentamicin, on different types of 
uterus contractions, no study has been carried out on 
the effects of gentamicin on spontaneous and agonist-
induced contractions of pregnant cow myometrium.

The purpose of this study was to examine the effects 
of gentamicin sulphate on spontaneous, oxytocin and 
PGF2α induced in vitro contractions of myometrium 
isolated from pregnant cows.

Material and methods
Myometrial strips used in this study were obtained from 

healthy cows slaughtered at the local abattoir. Immediately 
after the slaughter, uterus and ovaries were visually exam-

ined to determine pathologic conditions of the genital tract, 
and myometrial samples were dissected only from cows that 
were diagnosed to have a healthy genital tract and found to 
be pregnant for at least six months.

The time between the slaughter of cows and the col-
lection of uterus and ovaries was about 20 min. A single  
25 × 5 mm full-thickness uterus sample from the larger horn 
near the uterine body was removed and rapidly transferred 
(the average transportation time was about 15 min) from 
the abattoir to the laboratory, placed in a test tube contain-
ing Krebs’ solution. Experiments started within 30 to 120 
minutes of the removal of the tissue samples. The tissue 
samples remained viable in this condition for the first 6 to 
12 hours of the experiment, as judged by the stability of 
the amplitude of spontaneous, oxytocin and PGF2α-induced 
contractions.

Small strips (15 mm lengths and 5 mm width, relaxed) 
consisting of the longitudinal fiber layer of the myometrium 
were cut from the uterus samples. Only one strip from 
each animal was used for the same experiment protocol. 
These strips were immediately placed in a covered organ 
bath containing 20 ml of Krebs’ solution (NaCl 6.9 g; KCl 
0.35 g; MgCl 2 × 6H2O 0.24 g; NaHCO3 1.99 g; KH2PO4 
0.16 g; Dextrose 0.99 g and CaCl2 × 2H2O 0.368 g per liter) 
at 37°C continuously bubbled with 95% oxygen and 5% 
carbon dioxide. To measure isometric tension, the distal 
end of the muscle strips was tied to a fixed glass hook and 
the proximal end to an isometric force displacement trans-
ducer (Harvard Apparatus Limited, Kent, England). The 
contractile activities of strips were recorded using a Har-
vard Universal Oscillograph (Harvard Apparatus Limited, 
Kent, England).

The myometrial strips were initially placed under 2.0 g 
tension and they were left for equilibration for 90-min 
before the start of each experiment. In our previous studies 
on cow myometrium, 2.0 g of tension was determined to be 
optimal (22, 23). Most of the strips developed spontaneous 
contractions within 30 to 90 minute and the strips with no 
regular spontaneous activity in this equilibration period 
were removed. Eight, 10 and 9 myometrial strips were 
used in the analysis of spontaneous, oxytocin-induced and 
PGF2α-induced contractions respectively.

The following experiment protocol was performed after 
the stabilization of spontaneous contractile activity during 
the 90-minute equilibration period. The contractions were 
recorded for 20 minutes in order to monitor their status. 
Cumulative doses of gentamicin sulphate were then added 
over a concentration range of 150 µM-300 µM for sponta-
neous contraction and 300 µM-600 µM for oxytocin and 
PGF2α-induced contractions at 20 min intervals, respec-
tively. The responses were recorded for another 20 minutes. 
Thus, each gentamicin concentration had its own control 
phase (22). In agonist-induced contractions, oxytocin  
(2.5 mIU/ml bath fluid) or PGF2α (1 µM) was added to the 
tissue bath at the end of the equilibration period and the 
same protocol was performed in order to investigate the 
effects gentamicin on these agonist-induced contractions. 
These amounts of agonists were chosen as they were known 
to elicit a response in cow myometrium (15).
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The effects of gentamicin on the amplitude (reported 
in grams) and the frequency of contractions (number of 
contractions/20 minute-period) were analyzed for every 
20 min. The mean amplitude and frequency of contractions 
were compared.

The drug used in the present study was gentamicin 
sulphate (Gentasol, Eczacibasi, Istanbul, Turkey), PGF2α 
(Sigma, Deisenhofen, Germany) and oxytocin (Synpitan iv, 
5 IU/ml, Deva, Istanbul, Turkey). All the chemicals used in 
the preparation of the Krebs’ solution were obtained from 
Sigma (Sigma, Deisenhofen, Germany) and medical grade 
chemicals.

All values are expressed as means ± SEM. Statistical 
analyses were calculated by SPSS release 22 for Windows 
(SPSS Inc, Illanos, CA). Wilcoxon signed rank test was used 
for the calculation of amplitude and frequency differences 
between control and drug periods. Statistical significance 
was assumed as 5%.

Results and discussion
The tissue samples were allowed to equilibrate under 

2 g of resting tension, and spontaneous contractions 
were established in 27 out of the 35 tissue samples 
studied; the remaining 5 strips without spontaneous 
contractions in the equilibration period and the 3 strips 
with irregular spontaneous contractions were excluded 
from the study.

Gentamicin decreased the frequency (number/ 
20 minute period) and inhibited the amplitude of the 
spontaneous contractions in a dose dependent man-
ner (Fig. 1). The mean frequency of spontaneous 
contractions was 10.59 ± 1.02 (n = 8) under control 
conditions, which were significantly inhibited to  
7.17 ± 1.19 (n = 8, p < 0.05) and 3.5 ± 1.26 (n = 8,  
p < 0.05) after the incremental application of 150 and 
300 µM gentamicin, respectively (Fig. 1). Gentamicin 
also inhibited the amplitude of spontaneous contrac-
tions, but not as strongly as it inhibited the frequency. 
The mean peak amplitude of contractions was  
3.3 ± 0.23 g (n = 8) under control conditions, and 2.58 
± 0.29 g (n = 8, p > 0.05) and 1.28 ± 0.43 g (n = 8,  
p < 0.05) after the incremental application of 150 and 
300 µM gentamicin, respectively (Fig. 2).

The mean frequency (number/20 minute period) of 
oxytocin-induced (2.5 mIU) contractions was signifi-
cantly inhibited from the control values of 18.4 ± 2.05 
(n = 10) to 10 ± 1.92 (n = 10, p < 0.05) and 4.0 ± 1.41 
(n = 10, p < 0.05) after the application of 300 and 600 
µM gentamicin, respectively (Fig. 1). Gentamicin also 
inhibited the amplitude of oxytocin-induced contrac-
tions. The amplitude of oxytocin-induced contractions 
was 3.30 ± 0.20 g (n = 10) under control conditions 
and 2.71 ± 0.15 g (n = 10, p < 0.05) and 1.50 ± 0.39 g  
(n = 10, p < 0.05) after application of 300 and 600 µM 
gentamicin, respectively (Fig. 2).

Gentamicin also inhibited the contractions induced 
by PGF2α (1 µM) in a dose dependent manner. The fre-
quency (number/20 minute period) of PGF2α-induced 

contractions was 14.3 ± 0.3 (n = 9) under control con-
ditions and, 7.0 ± 0.87 (n = 9, p < 0.05) and 3.0 ± 0.9  
(n = 9, p < 0.05) after the application of 300 and 
600 µM gentamicin, respectively (Fig. 1). Application 
of 300 µM and 600 µM gentamicin significantly inhib-
ited the mean amplitude of PGF2α-induced contractions 
from control values of 3.01 ± 0.39 g (n = 9) to 1.65 
± 0.45 g (n = 9, p < 0.05), and 1.02 ± 0.35 g (n = 9,  
p < 0.05), respectively (Fig. 2).

The result of this in vitro study has shown that gen-
tamicin sulphate has inhibitory effects on both spon-
taneous and induced contractions of the myometrium 
tissue obtained from pregnant cows.

Previous studies have shown that various antibiot-
ics not included in the aminoglycoside group, such as 
clarythromicin (1), erythromicin (37), rifaximin (28, 
29, 32), fosfomycin, amoxicillin and doxycyline (3), 
ceftiofur (31), enrofloxacin (24, 28, 29) and amoxicillin 

Fig. 2. Effects of gentamicin sulphate (Gen) on mean amplitude 
of spontaneous, oxytocin and PGF2alpha-induced contraction

Fig. 1. Effects of gentamicin sulphate (Gen) on mean frequency 
of spontaneous, oxytocin and PGF2alpha-induced contraction
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(28, 29), have different effects on uterus contractions. 
It has been reported that some antibiotics stimulate 
(28, 29, 31, 32) while some other suppress myometrial 
contractions (1, 24, 37). Previous in vitro studies have 
shown that gentamicin inhibits spontaneous contrac-
tions of the isolated uterus in nonpregnant rats (25) 
and cows (22). However, it has been established that 
aminoglycoside group antibiotics, including gentami-
cin, are not effective on oxytocin and prostaglandine 
induced contractions in the rat uterus (26), but they 
act as an inhibitory on KCI-induced contractions in 
pregnant and nonpregnant cow myometrium (23). In 
other studies, it has been determined that gentamicin 
act as a suppressive on oxytocin-induced contractions 
in cat myometrium (33) and in nonpregnant cattle 
myometrium (34); however, in a different study by the 
same researchers on rat uterus (35) it was found that 
gentamicin has inhibitory effects on both spontaneous 
and oxytocin-induced contractions.

In our study, 27 of 35 muscle samples showed regu-
lar spontaneous contractions, and as has been the case 
in previous studies (7, 20, 22, 27, 34) oxytocin and 
PGF2α increased the spontaneous contractions of myo-
metrium tissue obtained from pregnant cows. Unlike 
the results of Paradelis et al. (26), gentamicin also 
inhibited, depending on dosage, oxytocin and PGF2α 
induced contractions in uterus isolated from pregnant 
cows. Difference in species can be the cause of this 
variance in the effect of gentamicin. Nonetheless, the 
dosage of gentamicin used in this study was higher 
than that which was used on isolated rat uterus. Our 
findings obtained were similar to the results obtained 
by Ocal et al. (23) and Servi and Kara (33-35).

Although the current study did not examine the inhi-
bition mechanism of gentamicin sulfate on contractions 
in cow myometrium, it was reported that when the 
inhibitory effect of gentamicin is exerted calcium (data 
not shown) added to the organ bath have significantly 
enabled the contractions to repeat, as in previous stud-
ies (25, 26). This suggests a possible intervention in the 
inhibitory effect of gentamicin sulfate on its inhibition 
of membrane calcium channels during myometrial 
contractions. This finding can be considered as an 
indication for that the inhibitory effect of gentamicin 
sulfate on the contractions of isolated pregnant cow 
myometrium takes place without damaging tissue  
viability or contraction mechanism.

Vesce et al. (37) showed in their studies that genta-
micin inhibited amniotic PGE oscillation induced by 
both basal and arachidonic and oxytocin. In the in vitro 
study conducted by Escoubet et al. (6), it was shown 
that gentamicin apparently and alternately inhibited the 
synthesis of prostaglandins produced by the vascular 
structures of inner ear. In light of the mentioned infor-
mation, it can be suggested that the inhibition of local 
prostaglandin synthesis is at least partially responsible 
for the inhibition stimulated by gentamicin sulfate on 
isolated cow myometrial tissue.

In the studies on pony mares, it was reported that 
when a bacterial infection causes the formation of 
a disease, premature birth occurs not as a result of 
fetal inflammation but as a result of secondary chorion 
inflammation (14, 18). These inflammatory processes 
are a result of the production of prostaglandins (PGE2 
and PGF2α) and the stimulation of myometrial con-
tractions, leading to premature birth (5, 16, 30). In the 
study by Murchie et al. (21), it has been established 
that the allantoic fluid concentration of gentamicin is at 
adequate levels so as to be effective against E. coli or 
K. pneumoniae. In another study, it has been reported 
that the use of gentamicin with antiinflammatories 
on mares with placentitis can contribute positively to 
the continuation of pregnancy (16). It has also been 
suggested that urinary organ infections, including 
incurable pyelonephritis in humans, can cause serious 
issues, such as premature birth, low birth weight, and 
sepsis (39).

Upon clinically examining the findings obtained by 
the study and the mentioned information, gentamicin 
can be used as an antibacterial in septic abort, chorio-
amniotis, pyelonephritis, and septic shock cases, in 
order to prevent premature birth, abortion and early 
uterus contractions (25). In conclusion, it has been 
determined that gentamicin inhibits both spontane-
ous and oxytocin and PGF2α induced contractions in 
isolated cow uterus. Further studies are necessary to 
test whether the same effect will take place in vivo and 
to examine the effects of long-term use of gentamicin 
on offspring.
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