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NAS, T., BARUN, S., ÖZTÜRK, G.S., VURAL, I.M., ERCAN, Z.S. and SARIOĞLU, Y.  
Nicotine Potentiates the Electrical Field Stimulation-Evoked Contraction of Non-Pregnant 
Rabbit Myometrium.  Tohoku J. Exp. Med., 2007, 211 (2), 187-193 ── The women who 
smoke have lower fertility rates which might be due to harmful effects of nicotine on tubal 
function and menstrual cycle.  Although the uterine contractility of the non-pregnant uterus 
plays an important role in the human reproduction process, the influence of nicotine on the 
contractile responses in uterus is not known.  Nicotine increases the release of neurotrans-
mitters following nerve stimulation both in the central and peripheral nervous system 
through acting on nicotinic acetylcholine receptors (nAchRs).  The aim of this study was 
to examine whether the electrical field stimulation (EFS)-evoked contraction is altered in 
rabbit myometrium strips in the presence of nicotine to evaluate the changes in contractili-
ty.  EFS-evoked contractile responses were recorded from myometrium strips obtained 
from non-pregnant rabbits in the absence and presence of nicotine.  Nicotine led to the 
increase in the amplitudes of the EFS-evoked contractile responses in a dose-dependent 
manner.  Therefore, the effects of hexamethonium, cadmium, indomethacin, atropine, and 
Nω-Nitro-L-arginine methyl ester hydrochloride were tested on the EFS-evoked contrac-
tions in the absence or presence of nicotine to clarify the mechanisms of nicotine-induced 
potentiation in EFS-evoked contractile responses.  Indomethacin, a non-selective cycloox-
ygenase inhibitor, and hexamethonium, a ganglionic blocker, inhibited nicotine-induced 
increase in EFS-evoked responses, whereas other chemicals produced no effect.  These 
results suggest that nicotine-induced potentiation may be mediated by nAchRs and prosta-
glandins.  In conclusion, failure of quiescence in the uterus due to increased contractility 
by nicotine might be one of the factors contributing to infertility in female smokers. 
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Epidemiologic studies have indicated that 
the women who smoke have significantly lower 
fertility rates (Zavos 1989).  It has been suggested 
that harmful effects of the smoking might be on 

the tubal function, embryo transfer, development 
and viability of ovocyte (Zavos 1989; Pattinson et 
al. 1991).  Nicotine and the other constituents of 
tobacco may contribute to infertility in a direct or 
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were performed in agreement with the ethical standards 
in Helsinki Declaration, and this study was approved by 
University Ethics Committee for Animals.  Non-pregnant 
rabbits were killed by exsanguination and the uterus was 
rapidly excised, opened lengthwise, and emptied.  
Adherent fat and gross connective tissues were removed 
and uniform longitudinal strips (30 × 4 × natural thick-
ness) were prepared from the antimesometrial surface.  
Each strip was mounted isometrically at 2 g resting ten-
sion in the organ bath containing 15 ml modified Krebs’ 
solution (composition in mmol/l: NaCl 125, KCl 2.4, 
CaCl2-2H2O 1.8, MgCl2-6H2O 0.5, NaHCO3 23.9, and 
glucose 11.0.  The pH of the solution was 7.4 after being 
bubbled with the gas mixture of 95% O2 and 5% CO2 and 
the solution was maintained at 37°C.  Tissues were 
allowed to equilibrate for at least 30 min prior to experi-
mental procedures.

Isometric contractions were evoked by EFS through 
a pair of platinum electrodes, with 4 Hz trains of impuls-
es of 1 msec duration for 10-sec delivered every 2 min.  
Pulses of 1 msec duration with a voltage of 60 V were 
delivered by a stimulator (S48, Grass Instruments, 
Quincy, MA, USA).  EFS-evoked responses were 
recorded via Grass isometric force displacement trans-
ducers (FT 03, Grass Instruments) connected to an ink 
writing oscillograph (Grass 79 E) via a preamplifier.  
Following 30 min after the EFS-evoked responses 
reached steady state, nicotine was applied to preparations 
and after 5 contractions EFS was ceased and the prepara-
tion was washed four times every 10 min for 30 min.  
EFS was delivered to the tissue after washing and the 
same experimental procedure was repeated 2-3 times in 
the same tissue.  Nicotine at varying concentrations (3 × 
10-5 M, 1x 10-4 M, 3 × 10-4 M) was applied to each prepa-
ration.  To test the contribution of adrenergic and cholin-
ergic components to the EFS-evoked responses, the 
tissue was treated with α 1 or α 2 adrenergic receptor 
blockers, prazosin (1x 10-5 M) or yohimbine (1x 10-6 M 
and 1x 10-5 M), respectively and a muscarinic receptor 
blocker, atropine (1x 10-6 M), for 30 min before EFS and 
the same experimental procedure was repeated in the 
presence of these chemicals.  Effects of cadmium (Cd2+) 
(1x 10-5 M, 3 × 10-5 M and 1x 10-4 M), indomethacin, a 
non-selective cyclooxygenase inhibitor, (1x 10-5 M), 
L-NAME (1x 10-4 M) and hexamethonium, a ganglionic 
blocker, (1x 10-5 M), each of which was applied 30 min 
before nicotine treatment, were also tested on the EFS-
evoked responses.  Effect of nicotine was examined on 
the preparations in the organ bath at 2 g resting tension.

indirect manner in female smokers (Shiverick and 
Salafia 1999).

Nicotine, which is the principal chemical in 
tobacco, modulates the neurotransmitter release 
both in the central and peripheral nervous system 
(Todorov et al. 1991; McGehee et al. 1995).  It 
has been shown that nicotine increases the release 
of neurotransmitters following nerve stimulation 
(Nedergaard and Schrold 1977; Todorov et al. 
1991).

The presynaptic nicotinic acetylcholine 
receptors (nAchRs) have been shown to play a 
role  in the modulat ion of  the release of  
neurotransmitters (Collier and Katz 1975).  The 
ganglionic nAchRs have also been reported to be 
involved in the release of neurotransmitters 
because nicotine-induced release of Ach from the 
myenteric plexus (Torocsik et al. 1991) or nico-
tine-induced release of dopamine from the rat 
striatum (Marshall et al. 1996) was abolished by 
tetrodotoxin (TTX) which is a blocker of sodium 
channels.  On the other hand, nicotine acts on 
nAchRs located in nerve terminals, resulting in 
transmitter release (Digges 1982).

Although there is evidence indicating the 
contribution of conractile activity of the non-
pregnant uterus to reproduction process (Franchin 
et al. 2002; Mueller et al. 2006a), there are no 
data available on the effect of smoking or nicotine 
itself on the uterus contraction.  Therefore, this 
study was designed to investigate the effect of 
nicotine, the principal chemical in tobacco, on 
electrical field stimulation (EFS)-evoked contrac-
tile responses in rabbit myometrium to clarify 
whether nicotine leads to a change in the contrac-
tility.

MATERIALS AND METHODS

The following reagents were obtained from Sigma 
(St.Louis, MO, USA): atropine, cadmium chloride-1-
hydrate, hexametonium, indomethacin, L-NAME 
(Nω-Nitro-L-arginine methyl ester hydrochloride) prazo-
sin and yohimbine.  All drugs were dissolved in distilled 
water except indomethacin and prazosin which were 
dissolved in 1% Na2CO3.

A total of 20 New Zealand white rabbits weighing 
2.5 to 3 kg were used for the experiments.  Experiments 



Nicotine and Non-Pregnant Rabbit Myometrium 189

Statistics
Experimental values were expressed as mean ± S.E.M.  

Groups were compared statistically using general linear 
models of ANOVA followed by Bonferroni test.  Values 
of p < 0.05 were considered to be significant statistically.

RESULTS

In the present experiments, EFS evoked 
contractile responses in rabbit myometrium in the 
absence or presence of nicotine (Fig. 1A).

Nicotine led to increase in the amplitudes of 
the EFS-evoked contractile responses (Fig. 1A).  
This effect was concentration dependent (3 × 10-5 
M, 1x 10-4 M, 3 × 10-4 M) (n = 7) (Fig. 1B).

TTX (1x 10-6 M, n = 2), Cd2+ (1x 10-5 M, 
n = 6), indomethacin (1x 10-5 M, n = 8), prazosin 
(1x 10-5 M, n = 6) and yohimbine (1x 10-6 M and 
1x 10-5 M, n = 6) significantly decreased EFS-
evoked contractile responses, while atropine 
(1x 10-6 M, n = 8) and L-NAME (1x 10-4 M, n = 7) 
had no effect (Fig. 2).

Indomethacin and hexamethomium inhibited 
nicotine-induced increase in EFS-evoked respons-
es (Fig. 3A, 3C), whereas other chemicals pro-
duced no effect (Fig. 3B, 3D).  Nicotine had no 
effect, per se, on quiescent preparations which 
were not applied electrical field stimulation (data 
not shown).

DISCUSSION

Myometrium is supplied with both the cho-
linergic and adrenergic nerves.  Cholinergic activ-
ity produces contraction of the myometrium while 
the adrenergic stimulation leads to the contraction 
and relaxation through the α - (excitatory) and β 2- 
(inhibitory) aderenoceptors (Marshall 1970; Bulat 
et al. 1989).  Nerve stimulation studies have pro-
vided evidence in support of intraspecies differ-
ences in functional innervation of the uterus.  
Adrenergic nerves are dominant in the guinea pig 
and rabbit uterus, whereas cholinergic nerves are 
dominant in the rat (Hollingsworth 1975; Elmer et 
al. 1980; Hoffmann et al. 1981).

In the present experiments, atropine did not 
antagonize EFS-evoked contractile responses, 
indicating the lack of cholinergic activity in rabbit 
myometrium.  To evaluate the involvement of 

A
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Fig. 1.  Typical tracing showing the effect of 
nicotine on the EFS-evoked responses in non-
pregnant rabbit myometrium (A) and effects of 
the different concentrations of nicotine on the 
EFS-evoked responses (B).  Each point is 
expressed as a percentage of the control and is 
given as the mean ± S.E.M. (*p < 0.05).

Fig. 2.  Effects of TTX, atropine, Cd+2, yohimbine 
and prazosin on the EFS-evoked contractile 
responses.  Each point is expressed as a per-
centage of the control and is given as the mean 
± S.E.M. (*p < 0.05).
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adrenoceptor activation in EFS-evoked contrac-
tions, prazosin and yohimbine, were used to block 
α 1 and α 2 adrenoceptors, respectively.  These 
antagonists inhibited the EFS-induced contractile 
responses, indicating that adrenergic system is 
prominent in rabbit myometrium as it has been 
shown previously (Elmer et al. 1980).  In support 
of these findings, both α 1 and α 2 have been 
reported to be excitatory α -adrenoceptors in the 
uterus (Ko et al. 1980; Berg et al. 1986; Marnet et 
al. 1987; Kaulenas et al. 1991; Clarke and Ruben 
1996).

Pharmacological analysis of EFS induced 
mechanical responses in isolated smooth muscle 
strips is a useful in vitro technique for clarifying 
autonomic innervation and contractility.  In the 
present experiments, nicotine-induced potentia-
tion of EFS-evoked contractions was character-
ized by a rapid onset and an initial, transitory 
peak.  The potentiation was reversible and no 
tachyphylaxis developed.  Although nicotine has 
been shown to have a facilitatory effect on neu-
rotransmitter release through acting on nAChRs, 

little is known about the exact mechanisms of this 
action (Rose et al. 1999; Wang et al. 2000).  In 
consistent with the previous studies, hexametho-
nium prevented the potentiation caused by 
nicotine, showing that nAChRs are responsible 
for the effect of nicotine (Ritchie 1979; McGehee 
et al. 1995).  On the other hand, the results 
obtained from another study showing the inhibi-
tory effect of nicotine on EFS-evoked contrac-
tions due to predominance of β -receptors and 
more responsiveness in the mouse are important 
for clarifying the differential effect of nicotine 
between species (Medina et al. 1992).

TTX, a blocker of Na+ channels, abolished 
the EFS-evoked responses.  This result supports 
the involvement ganglionic nAChRs in nicotine-
induced release of neurotransmitters as it has been 
reported in another study (Koley et al. 1987; 
Torocsik et al. 1991; Marshall et al. 1996).

The effect of Cd2+ which blocks all known 
voltage-gated calcium (VGCC) channels involved 
in the EFS-evoked responses, was tested.  
Contractions elicited by EFS were abolished by 

A
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Fig. 3.  Effects of the hexametonium (A), Cd+ (B), indomethacin (C), L-NAME (D) on the 3 × 10-4 M 
nicotine induced increase in EFS-evoked contractile responses.  Each point is expressed as a 
percentage of the control and the average of the five EFS-evoked contractile responses and all the 
points are given as the mean ± S.E.M. (*p < 0.05).
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Cd2+, showing that VGCC are required for the 
excitatory neuro-effector transmission in the 
rabbit myometrium.  Lack of effect of Cd2+ on 
nicotine-induced increase suggest that voltage 
activated Ca2+ channels do not play a role in the 
enhancement of EFS-evoked contractions.  
Possible direct interaction of nicotine with sarco-
lemmal Ca2+ channels resulting in increased influx 
of Ca2+ has been reported (Dolezal et al. 1995).  
Moreover, nicotine increases resting Ca2+ concen-
tration via activation of nAChRs, leading to an 
effect on the transmitter release (Zucker 1989; 
Brain et al. 2001; Shoop et al. 2001).  Thus, it is 
likely that nicotine enhances EFS-evoked 
responses by facilitating NA release by a mecha-
nism independent from the influx of Ca2+ via 
VGCC.  However, it is also probable that follow-
ing the nAChRs activation, Ca2+ influx occurs via 

ligand gated channels and causes Ca2+-induced 
Ca2+-release (CICR), leading to increase in trans-
mitter release (Mulle et al. 1992; Sharma and 
Vijayaraghavan 2001).  In consistent with this 
view, it has been suggested that activation of 
nAChRs may lead to sufficient Ca2+ influx via the 
nicotinic channel itself to promote exocytosis 
independently of VGCC (Senior et al. 1991).

EFS-evoked responses and nicotine-induced 
increase in contractions were dimished signifi-
cantly in the presence of indomethacin suggesting 
that prostaglandin (PG) release from myometrial 
cells makes contribution to the responses elicited 
by EFS in the presence or absence of nicotine.  
Although it is known that PGs have influence on 
uterine contractility, different PGs show different 
contractility patterns (Senior et al. 1992, 1993; 
Sawdy et al. 1998; Mueller et al. 2006b).  On the 
other hand, receptor expressions for different PGs 
and myometrial sensitivity has been shown to 
changed during labour and pregnancy although 
there is still no data for non-pregnant uterus (Astle 
et al. 2005).  Since limited data are available, fur-
ther investigation is needed to clarify the contri-
bution of different PGs.  Another explanation for 
the inhibitory effect of indomethacin may be that 
the blockade of the Ca2+ channel current by indo-
methacin in myometrium may have contributed to 
this inhibition (Mirabile et al. 2000).

Inability of L-NAME to antagonize the EFS-
evoked contractile responses and nicotine-induce 
increase suggests that nitric oxide release is not 
involved.  In favor of this study, it has been sug-
gested that nitric oxide does not play a physiolog-
ic role in the regulation of uterine non-pregnant or 
pregnant contractility (Barlett et al. 1999).  
However, data on the function of NO in the con-
tractility of non-pregnant uterus still controversial 
(Nakanishi et al. 1996).

This is the first study showing the potentia-
tion of EFS-evoked contractions by nicotine in 
the non-pregnant rabbit myometrium.  On the 
other hand, this study seems important from the 
clinical point of view since nicotine might con-
tribute to increased rate of infertility which has 
been shown in women who smoke (Pattinson et 
al. 1991; Rosevear et al. 1992).  Contractile activ-
ity of the nonpregnant uterus plays an important 
role in the human reproduction process (Franchin 
et al. 2002; Mueller et al. 2006b).  Mainstream 
and sidestream smoking has been shown to cause 
a significant decrease in the ability of embryos to 
implant and/or maintain a pregnancy when com-
pared to non-smokers despite being no difference 
in morphological appearance and development 
rate of preimplantation embryos from smokers 
(Neal et al. 2005).  Taken together, it seems possi-
ble to speculate that failure of quiescence due to 
increased contractility by nicotine might be one of 
the factors impairing implantation and contribut-
ing to infertility in female smokers as well as its 
other effects such as impairing oocyte function 
and viability effect (Zenzes et al. 2000).

In conclusion, nicotine leads to nAchRs-
mediated increase in the EFS-evoked contractile 
responses in rabbit myometrium.  PGs make con-
tribution to this effect.  Although the mechanisms 
by which nicotine exerts its effects are not known 
completely, these results provide us with a clue 
which may have a role in the mechanisms of 
infertility in female smokers.
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