www.ijpsonline.com

Inhibitory Effect of Curcumin on the Contractility of
Isolated Caprine Detrusor Muscle
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Curcumin is a naturally occurring compound which has been used in traditional medicine in India for a long
time. This study investigated the ability of curcumin to inhibit the contractility of isolated caprine (goat) detrusor
muscle. The ability of three concentrations of curcumin (30, 100 and 300 pM) to inhibit the 100 pM acetylcholine-
induced contractility of the isolated caprine urinary bladder detrusor muscle was investigated. The effect of raising
the concentration of acetylcholine from 100, 200 and 400 pM to overcome the curcumin-induced inhibition of
detrusor contractility and the effects of the reversal agents tetraethylammonium, a potassium channel blocker (100
pM), glibenclamide, an ATP-sensitive potassium channel blocker (10 pM), and propranolol, a beta adrenergic
receptor blocker (1 pM), on the inhibitory effect of detrusor contractility was also studied. Curcumin caused a
concentration-dependent inhibition of acetylcholine-induced contractility of the isolated detrusor muscle which was
statistically significant at all three concentrations of curcumin used. This inhibition was partially overcome by raising
the concentration of ACh to 200 and 400 pM. The inhibition was overcome by the concurrent administration of
tetraethylammonium. Glibenclamide reversed the inhibitory effect of 100 pM curcumin, but not that of 300 pM
curcumin. Propranolol reversed the inhibitory effect of 100 pM curcumin but not that of 300 pM curcumin. These
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results suggest that curcumin inhibited the contractions of the isolated detrusor muscle. The results further suggest that
the inhibitory effect is mediated by various mechanisms: stimulation of beta adrenergic receptors; an anticholinergic
effect; and the opening of ATP-sensitive potassium channels.
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Curcumin (diferuloylmethane) is obtained from
the plant Curcuma longa, but is also available in
the synthetic form. It is an orange colored powder
with a molecular weight of 368.38. It is insoluble
in water but soluble in a number of solvents like
ethanol, acetone, and methanol. Curcumin has
been used in traditional medicine in India for
hundreds of years for the treatment of ailments like
diarrhoea and asthma. Indeed, it has a wide range
of pharmacological effects in animals and humans.
One of the pharmacological actions of curcumin
is to inhibit the contractility of smooth muscles.
It has been shown to inhibit the contractions of
isolated rat aortal'l, guinea pig ileum', rat uterus?,
rabbit jejunum®’ and rabbit tracheal’!. Curcumin
has also been shown to inhibit the contractility of
isolated urinary bladder, but in only two studies*.
Overactive bladder (OAB) is an increasingly
common clinical problem which is treated with drugs
that relax the detrusor muscle. At present the drug
therapy of OAB mainly comprises anticholinergics!®.
The presently used drugs for OAB are not always
effective and frequently produce adverse effects!®.
Hence, new drugs that could be used to treat OAB
with good efficacy and safety will be useful in
clinical practice. In this context, we studied the
inhibitory effect of curcumin on isolated caprine
(goat) detrusor using a methodology reported earlier
for studying the effect of drugs on the isolated
detrusor!”. Caprine detrusor muscle was used in this
study because of easy availability and similarity in
sizes of the goat and human urinary bladders.

Ten fresh goat bladders were obtained from the local
slaughter house and transported to the pharmacology
laboratory in Krebs solution. The composition of
Krebs solution was in mM, NaCl: 118, KCI: 4.7,
CaCl,: 2.5, MgSO,: 1.2, NaHCO,: 25, KH,PO,:
1.2, and glucose: 5.55. In the laboratory, ten strips
of detrusor muscle measuring 10x3 mm were
cut from the urinary bladder. The detrusor strips
were mounted vertically in a 20 ml organ bath
containing adequately oxygenated Krebs solution
maintained at 37°. A tension of 2 g was applied and
an equilibration period of 90 min was allowed. The
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study was approved by the Institutional Animal Ethics
Committee (file number: 7110, dated 10 March 2010).

Acetylcholine (ACh; Sigma Aldrich, St Louis, MO,
USA) was dissolved in distilled water to obtain
a stock solution of 7 mg/ml. Curcumin (Sigma
Aldrich, St Louis, MO, USA) was dissolved in
ethanol to produce stock solutions of 3.75 mg/ml
and 6.33 mg/ml. Propranolol (Samarth Life Sciences,
Mumbai, India) was dissolved in distilled water to
make a stock solution of 0.1 mg/ml. Glibenclamide
(Sigma Aldrich, St Louis, MO, USA) was dissolved
in distilled water to make a stock solution of
1 mg/ml. Methylene blue (Fisher Scientific, Mumbai,
India) was dissolved in distilled water to make a
stock solution of 5 mg/ml.

After an equilibration period of 90 min, the tension
was readjusted to 2 g. The response of the detrusor to
the administration of 100 pM ACh was then studied
followed by the response after the administration
of 100 uM ACh and the test drug curcumin. This
concentration of ACh was based on previous studies
that had used the same concentration!®’). Three
concentrations of curcumin were used, 30, 100, and
300 uM. Next, the experiments were repeated using
first 200 uM ACh, and then 400 uM ACh. During
each tracing, after the drug administration, a contact
time of 90 s was given after which the tissue was
washed till the baseline was reached.

In order to determine the mechanism of inhibition
of curcumin on ACh-induced detrusor contractility,
the following inhibitory agents were added along
with 100 pM and 300 pM curcumin after the
addition of 100 uM and 300 pM ACh: 100 pM
TEA, 1 uM propranolol, and 10 uM glibenclamide.
The concentrations of these antagonists used were
those that have been used in previous in vitro
studies® .

Contractility was quantified by the maximum
height of contraction and the area under the
contractile curve (AUCC), a method which has been
standardized in our laboratory™!. These parameters
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were determined by scanning the tracings after each
experiment. The scanned tracings were analyzed
with the software Image Tool (University of Texas
Health Sciences Center at San Antanio, Texas,
USA). Statistical evaluation was made by comparing
the values of these parameters of the control data
(after the administration of ACh alone) and the
values of the test data (after the administration of
the test drug with ACh). The nonparametric test,
Wilcoxon sign rank test, was employed because
the sample size used was 10 and hence, the study
data might not have had a normal (Gaussian)
distribution.

The results of the effect of curcumin on ACh-induced
contractility of isolated caprine detrusor muscle are
shown in Table 1. As shown, curcumin produced a
concentration-dependent inhibitory effect of ACh-induced
detrusor contractility which was statistically significant
at all 3 concentrations of curcumin used. This inhibitory
effect of curcumin on ACh-induced detrusor contractility
was partially overcome by raising the concentration of
ACh. Table 2 shows the effects of the reversal agents
on the inhibition by curcumin of ACh-induced detrusor
contractility. As shown, TEA reversed the inhibition of
100 and 300 uM curcumin. Propranolol reversed the
inhibition due to 100 uM curcumin but not that due to
300 uM curcumin. Glibenclamide partially reversed the
inhibition due to 100 and 300 pM curcumin. Sample
tracings of the inhibitory effect of curcumin on ACh-
induced contractility of the detrusor and the reversal of
the inhibitory effect by TEA are shown in fig 1.

This study found that curcumin produced a
concentration-dependent inhibition of ACh-induced
detrusor contractility (Tables 1 and 2; fig. 1).
These results suggest that curcumin relaxes the
isolated detrusor and support the study of Patacchini
et al." which found that in isolated rat urinary

bladder curcumin at concentrations of 10 to 300
uM was effective in desensitizing the bladder to
the contractile effects of capsaicin although in that
study the antagonistic effect could have at least
partly been due to a mechanical effect of undissolved
curcumin on the rat urinary bladder muscle. Our
results also support studies that have reported a
relaxant effect of curcumin on other types of isolated
smooth musclel'l. Since the inhibitory effect of
curcumin on detrusor contractility was reversed by
glibenclamide, our results also suggest that curcumin
relaxes the isolated detrusor muscle by opening
ATP-sensitive potassium channels. Glibenclamide, a
second generation sulphonylurea oral hypoglycaemic
agent, is well known to act by blocking ATP-sensitive
potassium channels. Although the ability of curcumin
to open ATP-sensitive channels has not been shown
in smooth muscle, curcumin has been shown to
exert an antinociceptive effect in Wistar rats by
opening ATP-sensitive channels!'?. The inhibitory
effect of curcumin on ACh-induced contractility of
the isolated detrusor could be partially overcome by
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Fig. 1: Effect of curcumin on ACh-induced contractility under various
experimental conditions.

Examples of traces showing the effect of curcumin on ACh-induced
contractility of isolated caprine detrusor. (a) Contractile effect of
100 uM ACh before (left side) and after (right side) addition of 100
uM curcumin. (b) Contractile effect of 100 uM ACh before (left side)
and after (right side) addition of 100 uM tetraethylammonium (TEA)
and 100 uM curcumin.

TABLE 1: PERCENT INHIBITION OF ACETYLCHOLINE (ACH)-INDUCED CONTRACTILITY OF ISOLATED CAPRINE

DETRUSOR MUSCLE BY CURCUMIN

Drug administration Height Area under contractile curve

Median (IQR) P value Median (IQR) P value
100 yM ACh+30 pM curcumin 5.75 (2.18,12.56) 0.037* 22.14 (14.95,30.27) 0.017*
100 M ACh+100 pM curcumin 22.48 (10.88,34.49) 0.005* 47.54 (35.08,53.59) 0.005*
100 M ACh+300 pM curcumin 43.91 (30.16,55.26) 0.005* 69.57 (48.26,77.59) 0.005*
200 pM ACh+100 pM curcumin 17.18 (-15.08,24.57) 0.114 26.01 (12.30,49.81) 0.013*
200 pM ACh+300 pM curcumin 18.78 (8.03,50.34) 0.022* 28.72 (16.77,55.00) 0.005*
400 pM ACh+100 pM curcumin 17.2 (9.51,27.34) 0.005* 24.5 (20.73,32.09) 0.005*
400 pM ACh+300 pM curcumin 22.04 (12.02,51.22) 0.007* 45.60 (-28.60,56.25) 0.074

Percent inhibition was obtained by comparing the values of height and area under the contractile curve due to administration of ACh and curcumin with the values

after administration of ACh only. *P<0.05, N=10 for each drug administration
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TABLE 2: PERCENT INHIBITION OF ACH-INDUCED CONTRACTILITY OF ISOLATED CAPRINE DETRUSOR AFTER

ADMINISTRATION OF REVERSAL AGENTS WITH CURCUMIN

Drug Administration Height Area under contractile curve
Median (IQR) P value Median (IQR) P value
100 M ACh+100 pM TEA+100 pM curcumin -37.52 (-63.4, 0.47) 0.036* -16.74 (-59.36, 37.87) 0.401
100 pM ACh+100 pM TEA+300 pM curcumin -20.53 (-50.59, 0.06) 0.069 -17.99 (-40.46, 20.33) 0.401
100 uM ACh+1 puM propranolol+100 pM curcumin 24.0 (1.38, 33.47) 0.114 40.29 (-2.97, 61.19) 0.241
100 uM ACh+1 puM propranolol+300 pM curcumin 54.89 (11.12, 63.68) 0.007* 52.85 (30.79, 73.27) 0.005*
100 pM ACh+10 pM glibenclamide+100 pM curcumin 18.95 (-0.82, 36.07) 0.139 42.2 (31.68, 57.68) 0.007*
100 M ACh+10 pM glibenclamide+300 pM curcumin 61.49 (33.05, 84.89) 0.047* 72.44 (48.86, 88.92) 0.074

Percent inhibition was obtained by comparing the values of height and area under the contractile curve after administration of the reversal agent, curcumin
and ACh with the values obtained after administration of ACh alone. Some values of percent inhibition are negative because of increased contractility compared
with that produced by ACh only. *P<0.05. *Percent inhibition was so markedly negative that it became statistically significant. N=10 for each drug administration

raising the concentration of ACh (Table 1). Hence,
curcumin could have exerted an anticholinergic effect
leading to detrusor muscle relaxation. The inhibitory
effect of 100 uM curcumin could also be reversed
by the beta adrenergic receptor blocker propranolol
(Table 2). Hence, curcumin could have also had
an agonistic effect at beta adrenergic receptors in
the detrusor muscle. There are close similarities
between the structure of curcumin and the structure
of noradrenaline!'*!; and a previous study on cheek
pouch tissue exteriorized in anaesthetized male
hamsters found that curcumin mediated both dilation
and constriction of peripheral arterioles by stimulating
alpha and beta adrenergic receptors!'*. Unlike in
our study, the study by Cheng et al.¥ found that
curcumin in a concentration-dependent manner caused
increased contractility of the isolated rat urinary
bladder. However, their methodology was different
from that of our study in that they measured isometric
tension in muscle strips using strain gauges and chart
software. Moreover, they had anaesthetized the rats
with injection pentobarbital at a dose of 50 mg/Kg.
It must also be noted that Cheng et al.® found that
curcumin at the same concentrations that they used on
rat urinary bladder, did not modify the muscle tone of
urinary bladder isolated from mice.

In conclusion, the present study has shown that
curcumin inhibits the contractility of the isolated
caprine detrusor. The results suggest that this effect is
due to an anticholinergic effect, an agonistic effect on
beta adrenergic receptors, as well as the opening of
ATP-sensitive potassium channels. The results suggest
that further studies on the effect of curcumin on the
detrusor muscle are warranted. If the inhibitory effect
of curcumin on the detrusor is confirmed, it could be
evaluated for the management of clinical conditions
like OAB which could benefit from the relaxant effect
on the detrusor muscle.
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