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Abstract

Objectives Pregnancy is associated with many functional changes of the urinary bladder. It was reported that most of healthy
women complain from urinary symptoms during pregnancy. The parasympathetic system is mainly mediating bladder emp-
tying. The aim of the study is to investigate the cholinergic effect and the role of acetylcholinesterase in the bladder during
pregnancy.

Methods Sixteen rats were used in the present study as control group (non-pregnant) and pregnant group (18-20 days
pregnant). Isolated urinary smooth muscle strips were suspended in organ baths filled with Krebs’ solution for isometric
tension recording.

Results Electric field stimulation (EFS), (0.1-40 Hz), of the control and pregnant bladder preparations produced frequency-
dependent contractions. Atropine (1 pM) inhibited EFS-induced contractions in the two groups by 65% and 50% respectively
indicating the response of cholinergic innervation. Neostigmine significantly enhanced EFS responses, confirming its selectiv-
ity for inhibiting acetylcholinesterase which is responsible for termination of acetylcholine. Concentration-response curves
for acetylcholine were reduced in pregnant group than control. Concentration—response curves for ATP were increased in
pregnant group than control. Neostigmine augmented concentration—response curves for acetylcholine in control and preg-
nant groups. The effect of neostigmine on acetylcholine contractile responses in pregnancy group was higher than in control.
Conclusions Urinary bladder dysfunction during pregnancy might be due to augmentation of acetylcholinesterase effect.
This will lead to the decrease in response to cholinergic stimuli. New pharmaceutical drugs specifically affecting the enzyme
in the bladder can help in avoiding the unpleasant urinary symptoms during pregnancy.
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Introduction

The lower urinary tract has two main functions: store urine
without leakage for a suitable period and rapidly expel the
urine during micturition. The urinary bladder smooth mus-
cle has to relax and elongate during filling. Force generation
and shortening must be initiated fast, be synchronized, and
occur over a large length range during micturition. These
relaxation and contraction activities require regulation. The
autonomic nervous systems controlling the bladder func-
tion. The rat bladder receives a dual excitatory innervation;
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acetylcholine (ACh) and adenosine triphosphate (ATP) are
co-released from parasympathetic nerves [1, 2]. The para-
sympathetic system with the activation of muscarinic cho-
linergic receptors and purinergic receptors in various animal
species are mediated bladder emptying, causing contraction
of the detrusor muscle and relaxation of the sphincter [3, 4].

Acetylcholinesterase is an enzyme that cleaves acetyl-
choline to acetate and choline, so terminates its actions. It
is located both pre- and post-synaptically in the nerve ter-
minal where anticholinesterase can provoke its response.
It has a role in regulating the free acetylcholine concen-
tration. It is quit specific for acetylcholine and closely
related esters. Acetylcholinesterase inhibitors prolonged
the cholinergic action by preventing the degradation of
acetylcholine. This leads to accumulation of acetylcholine
in the synaptic space. Therefore, it can provoke a response
at muscarinic receptors. Neostigmine is a synthetic
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compound, and it reversibly inhibits acetylcholinester-
ase leading to enhancement of acetylcholine activity. It is
therapeutically used to contract the bladder [5].

Pregnancy is associated with functional changes of the
urinary bladder. It was reported that most of healthy women
have urinary symptoms during pregnancy [6]. Urinary fre-
quency, increased residual volume and stress incontinence
are the major complain [7]. It was reported that the response
of the bladder to cholinergic stimulation was reduced due
to decreased muscarinic receptor density during pregnancy
[7-10]. Since cholinergic response is the main contributor
for contraction, the aim of this study was to investigate the
effect of cholinergic innervation, and the role of acetylcho-
linesterase in the reduction of cholinergic response in the
bladder during pregnancy.

Materials and methods
Animals

Sixteen adult female Sprague—Dawley rats weighing approx-
imately 200-250 g and matched by date of birth and were
divided into two groups, control group (non-pregnant rats)
and pregnant group (18-20 days pregnancy). The rats were
housed on a 12 h light/dark cycle. The rats had free access
to standard laboratory tap water and food and the room tem-
perature was kept at 21 °C. The study was done in accord-
ance with guidelines agreed by the Institutional Animal Care
and Use Committee of Kuwait University.

Preparation of bladder strips

Each rat was sacrificed, and the urinary bladder was
removed and placed in Petri dish containing Krebs’ solu-
tion of the following composition (mM): NaCl 118, KC1
5.9,KH,PO, 1.2, MgSO, 1.2, NaHCO; 26, CaCl, 2, glucose
11.1, at pH 7.4. The bladder was cut longitudinally into two
equal strips from control rats, and pregnant rats. They were
suspended in 10 ml organ baths containing Krebs’ solu-
tion, maintained at 37 “C and aerated with 95% O, and 5%
CO,. Isometric tension was recorded using a computerized,
automated transducer system (Schuler organ bath type 809;
Hugo Sachs Electronik) which was connected to a Gould
recorder. Each preparation was allowed to equilibrate under
a resting tension of 1 g for 60 min, during which the bath
fluid was changed twice. At the end of each experiment, the
muscle was dried by a filter paper and weighed. Contractile
responses were calculated as milligrams per milligram tissue
weight or the responses were calculated as % to maximum
response.
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Electric field stimulation studies (EFS)

The bladder strips were passed through a pair of plati-
num ring electrodes to perform EFS experiments. The
electrodes were connected to a Grass S8800 stimulator,
delivering square wave pulses. 50 V, 0.5 ms for 10 s using
frequency ranging from 0.1 to 40 Hz, were previously
determined as optimum electrical stimulations param-
eters, were used in the present study. Frequency-response
curves were done using the previous parameters every
3 min. Subsequently after resting period of 20 min, fre-
quency-response curves were repeated in the presence of
different drugs.

Drugs

Acetylcholine hydrochloride, neostigmine bromide, tet-
rodotoxin (TTX), adenosine triphosphate (ATP), and
atropine sulfate were obtained from Sigma Chemicals, St.
Louis, MO. All drugs were dissolved in distilled water.

Calculation

Data are presented as mean + SEM of (n) experiments.
Differences between two mean values were compared
using Student’s ¢ test paired. The difference was assumed
to be significant at P < 0.05.

Results
Electric field stimulation-induced contraction

EFS (0.1-40 Hz) of the control and pregnant bladder prep-
arations produced frequency-dependent contractions. The
contractions were rapid in onset and stopped immediately
when stimulation ceased. There is no difference between
control and pregnant group in EFS responses as shown in
Fig. l1a. These contractions were sensitive and abolished
by TTX (1 uM) confirming that they were neurogenically
mediated. Incubation of the bladder strips for 30 min with
atropine (1 uM), inhibited EFS-induced contractions in
the two groups by 65% and 50% respectively as shown in
Fig. 1b, c. The inhibition of the control group was more
than pregnant group indicating that cholinergic effect is
more pronounced in the bladder of the control rat than
during pregnancy. This result confirming that mainly
the excitatory innervation of rat bladder smooth muscle
is cholinergic in origin. EFS-induced contractions last
10 s, while in the presence of atropine they last 4 s. The
peak of contraction reached after 10 s and the contraction
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Fig. 1 a Frequency-induced contraction to electrical field stimula- »

tion (50 V, 0.5 ms, 10 s) of urinary bladder strips from (filled cir-
cle) control and (open circle) pregnant rats. Each point represents
the mean+ SEM of four rats. Significant difference between normal
and pregnant groups (*P<0.05). b Effect of atropine (1 pM) on
frequency-induced contraction to electrical field stimulation (50 V,
0.5 ms, 10 s) of urinary bladder strips (filled circle) control; and
(open circle) after atropine. Each point represents the mean+SEM of
four rats. Significant difference between normal and pregnant groups
(*P<0.05). ¢ Effect of atropine (1 uM) on frequency-induced con-
traction to electrical field stimulation (50 V, 0.5 ms, 10 s) of urinary
bladder strips (filled circle) pregnant; and (open circle) after atropine.
Each point represents the mean+SEM of four rats. Significant differ-
ence between normal and pregnant groups (*P <0.05)

only stopped when the stimulation was ceased. No relax-
ant responses to EFS were observed in the presence of
atropine.

Effect of neostigmine on EFS

Neostigmine, acetylcholinesterase inhibitor, (10 pM)
induced contraction of bladder strips. The incubation of
the bladder strips with neostigmine resulted in significantly
greater contractile EFS responses, confirming its selectivity
for inhibiting acetylcholinesterase which is responsible for
termination of acetylcholine as shown in Fig. 2.

Effect of cholinergic agonist on bladder strips

Acetylcholine (0.1 uM-1 mM) induced concentration-
dependent contractions of bladder strips as shown in Fig. 3.
Dose-response curves for acetylcholine for control and
pregnant groups were obtained. The effect was significantly
inhibited in pregnant group than control.

Effect of ATP on bladder strips

ATP (0.1 uM-1 mM) induced concentration-dependent
contractions of bladder strips as shown in Fig. 4. Concen-
tration-response curves for ATP for control and pregnant
groups were obtained. The effect was significantly increased
in pregnant group than control.

Effect of neostigmine on acetylcholine-induced
contraction

Neostigmine (10 uM) induced contraction of bladder strips.
Pretreatment of the bladder strips with neostigmine aug-
mented concentration—response curves for acetylcholine in
control and pregnant groups as shown in Fig. 5a, b. The
enhancement of neostigmine on acetylcholine contractile
effects in pregnancy group was greater than that in control
bladder strips. The results indicated that acetylcholinesterase
was stronger during pregnancy than normal situations.
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Fig.2 Frequency-induced contraction to electrical field stimulation
(50 V, 0.5 ms, 10 s) of urinary bladder strips (filled circle) control and
(filled square) after neostigmine (10 uM). Each point represents the
mean +SEM of four rats. Significant difference between before and
after neostigmine (*P <0.05)
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Fig.3 Acetylcholine-induced contractions of urinary bladder (filled
circle) control; and (open circle) pregnant rats. Each point represents
the mean+ SEM of four rats. Significant difference between normal
and pregnant groups (*P <0.05)
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Fig.4 ATP-induced contractions of urinary bladder (filled circle)
control; and (open circle) pregnant rats. Each point represents the
mean +SEM of four rats. Significant difference between normal and
pregnant groups (*P <0.05)

Discussion

The function of urinary bladder organ is to collect and store
urine at low pressure, and then to expel the urine via a highly
coordinated contraction. It is known that the control of
bladder function is through the autonomic nervous system.
The parasympathetic system is mediated bladder emptying
with the activation of muscarinic cholinergic receptors and
purinergic receptors [10]. During voiding the bladder, the
parasympathetic system is eliciting contraction of the det-
rusor and relaxation of sphincter. Excitatory postganglionic
parasympathetic neuromuscular transmission is a mixture of
cholinergic and purinergic transmission, with acetylcholine
and ATP, acting probably as co-transmitters. In the blad-
der, inhibitory transmission is predominantly postganglionic
adrenergic innervation. Many other neurotransmitters have
putative physiological roles not as neurotransmitters but
as neuromodulators, potentiating or inhibiting adrenergic,
cholinergic or purinergic activity [11], resulting in urine
retention or overflow incontinence. Pregnancy alter differ-
ent responses on urinary bladder [12]. The present study
confirmed that cholinergic innervation is the major com-
ponent in the contractile system in the rat urinary bladder.
It is known that stimulation of muscarinic receptors raises
intracellular inositol triphosphate (IP5) levels and releases
intracellular calcium in the initiation of contraction [13, 14].
The cholinergic innervation effect is more pronounced in the
control group than in pregnant group. In addition, the effect
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Fig.5 a Effect of neostigmine (10 pM) on acetylcholine concentra-
tion-contraction curves of rat urinary bladder strips (filled circle)
control; and (open circle) after neostigmine. Each point represents
the mean+SEM of four rats. Significant difference between before
and after neostigmine (*P <0.05). b Effect of neostigmine (10 pM)
on acetylcholine concentration—contraction curves of urinary bladder
strips from (filled circle) pregnant; and (open circle) after neostig-
mine. Each point represents the mean + SEM of four rats. Significant
difference between before and after neostigmine (*P <0.05)

of exogenous acetylcholine was reduced during pregnancy.
While exogenous ATP showed increase in its contractile
response during pregnancy, which acts through P, recep-
tors [15—17]. The bladder response to ATP is mediated by

activation of a ligand-gated cation channel (P,X receptor)
that leads the influx of extracellular Ca®*, whereas uridine
triphosphate and adenosine 5-O-(2-thiodiphosphate) might
act through G protein-coupled receptors (P,Y, or P,Y,) to
cause smooth muscle contractions via a phospholipase C/
IP; signaling pathway [18] and release of intracellular Ca*t.
This study showed that there is no difference in the contrac-
tile response between control and pregnant groups due to
EFS. But, this is not mean that the cholinergic responses are
equal in control and pregnant groups. Atropine significantly
inhibited the contractile response in control group than preg-
nant group. Exogenous acetylcholine confirmed the result.
This indicates the decrease in endogenous cholinergic effect
during pregnancy. While exogenous ATP evoked significant
contractile effect in pregnant group than control, which can
be considered a compensatory effect to the decrease in cho-
linergic effect. Acetylcholine is inactivated very rapidly
within about 1 ms in the synaptic cleft by acetylcholinester-
ase. Neostigmine is a reversible acetylcholinesterase inhibi-
tor, increases the time for terminations to minutes, and there-
fore it enhances the effect of acetylcholine. Acetylcholine
induced contraction of isolated bladder which increased by
cholinesterase inhibitors and abolished by atropine, which
mediated by stimulation of muscarinic receptors. Neostig-
mine is used therapeutically to treat bladder under several
situations [19, 20]. The present study showed that acetyl-
cholinesterase inhibitors augmented the effect of choliner-
gic innervation. Acetylcholinesterase is more potent during
pregnancy since neostigmine enhances the contractile effect
of acetylcholine in pregnant group than control. This result
is compatible with our previous study, Mustafa and Ismael
[21], which proved that diabetes mellitus increased the pres-
ence or activity of cholinesterase in urinary bladder leading
to urinary bladder problems. The increase of acetylcholinest-
erase effect during pregnancy seems to be transient and it
gets back to normal after delivery. This can raise a question
of the effect of hormonal changes during pregnancy and the
enzyme.

We conclude that urinary bladder dysfunction during
pregnancy might be due to augmentation of acetylcho-
linesterase’ effect which will decrease the response to
cholinergic stimuli. New specific drugs working on the
enzyme can help avoiding the complain from the annoying
urinary symptoms during pregnancy.
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