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Abstract

Curcuminoids, a yellow constituent isolated from Curcuma longa Linn. rhizomes was studied
for its antispasmodic activity in isolated guinea-pig ileum and rat uterus. Curcuminoids at the con-
centration of 12 pg/ml significantly inhibited the ileum pre-contracted with acetylcholine (ACh) 5 x 107
M and histamine 5 x 107 M. (Force of contraction was 62.84 + 4.66% and 75.60 + 4.66% respectively)
and the effects were prominently observed when the concentration of curcuminoids was increased to
36 pg/ml. (Force of contraction was 44.93 + 4.33% and 42.79 + 1.98%) In potassium depolarizing
Tyrode solution, curcuminoids 4 pg/ml and 20 pug/ml reduced the contraction induced by calcium chlo-
ride (CaCl,) 1.8 mM. (The contraction was 63.31 + 1.80% and 36.87 + 3.25%) In rat uterus smooth
muscle preparation, curcuminoids 8 pg/ml and 16 pg/ml significantly reduced force and frequency of
contraction induced by oxytocin 1 x 102IU/ml. Curcuminoids 8 ug/ml produced 54.68 + 3.34 per cent
force of contraction and 79.09 + 2.29 per cent frequency of contraction. Curcuminoids 16 pg/ml caused
more relaxation of rat uterus smooth muscle. (Force of c'ontraction; was 43.38 + 3.56%, frequency of
contraction was 49.96 + 5.20%). Curcuminoids 8 and 16 pg/ml significantly reduced force of contrac-
tion induced by KC1 50 mM. (Force of contraction was 54.10  4.92% and 36.60 + 2.99%). The results
obtained from this study concluded that curcuminoids produced a smooth muscle. relaxation effect on
isolated guinea-pig ileum and rat uterus by receptor-dependent and independent mechanism.. -
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Turmeric rhizomes (Curcuma longa Linn
Family Zingiberaceae) is known very well as "Kamin"
in Thailand. It is widely used as a spice, coloring
agent -in several kinds of foods, such as curry and
mustard. Insect-repellant, cosmatic and medical pur-
poses are other uses of it(1-4), In Thai folk remedies
(5), Kamin is employed as a carminative, an anti-
inflammatory substance. It is also used in the treat-
ment of menstrual difficulty, hepatic disorder as well
as biliary disorder. Active constituents of turmeric
compose of curcuminoids which are yellow pigment
accumulated in the parenchymal cells of cortex in
turmeric rhizomes. There are 3 principle components
in curcuminoids from turmeric: curcumin, demethoxy-
curcumin and bisdemethoxycurcumin as demonstrated
in Fig. 1.

In vivo and in vitro evaluation of Curcuma
longa L. revealed a variety of pharmacological actions
including : scavenging of reactive oxygen species(6
7), cancer chemoprevention(8-10), anti-inflammation
(11,12), antiprotozoal activity(13,14), antibacterial
activity(15), anti HIV effect(16) and antipeptic ulcer
agents(17,18),

Even though advanced research of curcu-
min is evident, it is still essential to elucidate some
important pharmacological aspects of this substance
since it is commonly used in daily food. The pre-
sent study aimed at evaluating the antispasmodic and
relaxant effects of curcuminoids on isolated guinea-
pig ileum and rat uterus.

MATERIAL AND METHOD
Plant material

The dried rhizome of turmeric (Curcuma
longa Linn) was collected in Nakhon Pathom pro-
vince. A voucher specimen of the plant material was
deposited at the herbarium of the Faculty of Pharma-
ceutical Science, Chulalongkorn University, Bangkok
Thailand.

Animals

Female wistar rats (200 g) and both sexes
of guinea pigs were purchased from the National
Laboratory Center, Salaya, Mahidol University,
Nakhon Pathom province. All animals were kept in
an air conditioned room at the Animal Facility Center
of the Faculty. They were acclimatized for at least 1
week before beginning the experiment and fed with
a standard diet (Zuellig Co). Water was allowed ad
libitum.
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Chemicals

Acetylcholine hydrochloride, histamine base,
ethylene glycol bis (B-aminoethylether)-N,N,N’,N’-
tetraacetic acid (EGTA) were obtained from Sigma
Chemical Co, St.Louis USA. Oxytocin (syntocinon®)
was purchased from Sandoz, Switzerland, Estradiol
valerate (Progynon Depot®) was from Schering
Germany. Others were from E. Merck, Darmstadt,
Germany.

Apparatus

Organ bath for smooth muscle preparation
with isometric transducer and recording system for
physiograph. (Narcobiosystem USA)

Method
Plant preparation

The dried rhizome was ground into powder
and the extraction process started with separation of
volatile substance and fat compound from the powder
by distillation in soxhlet apparatus for 6-8 h using
petroleum ether as an extraction solvent, then the
powder was macerated in 95 per cent ethanol for 48 h.
The ethanolic extract was concentrated under reduced
pressure to a semisolid mass. The compound was
further purified using column chromatography con-
taining silica gel as the stationary phase and eluted
with chloroform. Yellow fraction of curcuminoids
were collected, crystallization and drying. Identifica-
tion of curcuminoids substance was performed for
comparison with standard curcuminoids by thin layer
chromatography (TLC) (Fig. 2). Appropriate concen-

Rl,R2 = OCH3 ; Curcumin
Rl = OCH3, R2 =H ; Demethoxycurcumin
R1, R2 = H ; Bisdemethoxycurcumin

Fig. 1. Chemical structures of curcuminoids from

turmeric rhizomes.
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Crystallization and identification of curcuminoids compound

Fig. 2.
Curcuma longa Linn (turmeric).

tration of the extracts were prepared in 95 per cent
ethanol and used in the experiment. The volume of
30 u! was added for each study concentration.

Antispasmodic activity of curcuminoids on hista-
mine, acetylcholine and CaCl, induced contractile
response of guinea-pig isolated ileum

After overnight fasting, the guinea pig was
killed by a blow to the base of the skull and cervical
dislocation, a piece of ileum (1 cm length) was sus-
pended in an organ bath containing Tyrode solution
(composition in g/L : NaCl 8.00, KC1 0.20, NaHCO4
1.00, MgCl, 0.21, NaH,PO4 0.05, CaCly 0.26, glu-
cose 1.00) at 37°C gassed with 95 per cent CO, and
5 per cent O,. The tissue was allowed to equilibrate
for 45 min (the physiological medium was changed
every 20 min). The guinea-pig ileum was pre-con-
tracted with acetylcholine 5 x 10-7 M or histamine
5 x 10-7 M (submaximal concentration which causes
60- 70 per cent of maximum contraction) for 15
min. When the contractile response was completely
obtained, the guinea-pig ileum was rinsed with Tyrode

Diagram demonstrates the extraction and purification process of curcuminoids compound from

solution every 20 min until tension returned to the
baseline level. Then it was incubated in 95 per cent
ethanol (curcuminoids dissolving solvent or curcu-
minoids 12 pg/ml or 36 ug/ml) for 5 min. The tissue
was contracted again with acetylchciine 5 x 10-7 M
or histamine 5 x 10-7 M. Comparison of ileal contrac-
tion was performed before and after exposure to 95
per cent ethanol, curcuminoids 12 and 36 pg/ml in a
tissue bath.

CaCl, 1.8 mM induced ileal contration was
performed in potassium depolarizing Tyrode solu-
tion for 30 min then curcuminoids 4, 20 ug/ml or
solvent were added and recorded ileal contraction for
20 min. Relaxation of CaCl, induced-contraction was
calculated after curcuminoids were applied.

Uterine relaxant effect of curcuminoids

Female Wistar rats were pretreated with
estradiol valerate 0.1 mg/kg the body weight sub-
cutaneously 24 h before starting the experiment to
bring rat uterus into the estrous stage. The animal
was sacrificed by a blow to the base of the skull. The
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ACh 5x10” M ACh 5x10" M ACh 5x10"M
10 min
C 36 pg/ml
ethanol +
ACh 5x10” M ACh 5x10” M ACh 5x10” M
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Histamine (H) 5x107 M H 5x107M H 5x10"M
03 g[ 10 min
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* ™
H 5x107M H 5x107 M H 5x107M
Fig. 3. = Relaxation response of isolated guinea-pig ileum pre-contracted with ACh 5 x 10-7 M (A) Histamine 5 x

10-7 M (B) in Tyrode solution elicited by curcuminoids 12 and 36 pg/ml.
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Inhibitory effect of curcuminoids (C) compound 12 and 36 pg/ml on isolated guinea-pig ileum pre-

contracted with ACh 5 x 107 M and histamine 5 x 107 M in Tyrode solution. Each value represents

mean + SE of 7 experiments.

a = p < 0.05 vs ethanol 30 ul
b = p < 0.05 vs curcuminoids 12 pg/ml

abdomen was opened and the intestine was removed
to reveal the uterus. Both horns of the uterus were dis-
sected and transferred them to De Jalon solution (com-
position in g/L. : NaCl 9.0, KC] 0.42, CaCl, 0.06,
NaHCOj 0.5, glucose 0.5) aerated with 95 per cent
CO, and 5 per cent O, and maintained at 37 + 0.05°C.
Each horn of the uterus was cut longitudinally and
divided into four pieces of uterine muscle sheets.
Each piece of uterine sheet was mounted in an organ
bath in the same condition as described and allowed
to equilibrate for 45 min. The medium was changed
every 20 min. A change in isometric tension was mea-
sured with a force transducer. The uterus was pre-
contracted with oxytocin 1 x 10-2 1U/ml (submaximal
contraction which caused 70-80% maximal contrac-
tion). The uterus was washed several times with phy-
siological medium, then 95 per cent ethanol (a solvent
for dissolving curcuminoids), curcuminoids 8, 16
ug/ml were applied for 15 min. The uterus was con-

tradted again with oxytocin 1 x 10-2 [U/mi. Change in
contractile response and frequency of contraction were
measured before and after exposure to 95 per cent
ethanol, curcuminoids 8, 16 pg/ml.

The effect of 95 per cent ethanol, curcumi-
noids 8, 16 ug/ml were also evaluated on acetylcho-
line 1 x 10-5 M, KCl 50 mM pre-contracted uterus.

Statistical analysis

Contractile responses (force) or frequency
of contraction were expressed as percentage of the
maximal contraction (100%) induced by appropriate
contractile stimuli before exposure to solvent or curcu-
minoids (mean + SE)

Statistical differences between the treated
and untreated control (95% ethanol) were analysed
by student’s unpaired ¢-test and one-way analysis of
variance (ANOVA Bonferroni method). A probabi-
lity level of less than 0.05 was regarded as statistical
difference.
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RESULTS
Total curcuminoids (yield) obtained was 11
per cent from this study.

Antispasmodic activity of curcuminoids on hista-
mine, acetylcholine and CaCl, induced contractile
response of guinea-pig isolated ileum

Exposure of the preparation for 5 min to a
given solvent (95% ethanol 30 ul) did not alter the
contraction induced by submaximal concentration of
ACh 5 x 10-7 M, histamine 5 x 10-7 M and CaCl, 1.8
mM. However curcuminoids at the concentration of
12, 36 pg/ml significantly attenuated acetylcholine
induced ileal contraction to 62.84 + 4.66 per cent and
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42.79 + 1.98 per cent. Histamine (5 x 10-7 M) medi-
ated contractile response was decreased significantly
after exposure to curcuminoids 12, 36 pug/ml to 75.60 +
2.77 per cent and 44.93 + 9.33 per cent (Fig. 3, 4).
In potassium depolarizing Tyrode solution (a cal-
cium free medium, a depolarization condition) CaC12
induced ileal tonic contractile response. Curcumi-
noids 4, 20 ug/ml reduced response to CaCly t0 63.31 +
1.80 per cent and 36.87 + 3.25 per cent as shown in
Fig. 5.

Uterine relaxant effect of curcuminoids
Curcuminoids 8 pg/ml significantly inhibited
force and frequency of rat uterine pre-contraction

A lelhanol
b
ICaClz 1.8 mM
10 min
l C 4 pg/ml
TCaCI; i8mM
1 C 20 ug/ml
1 CaCl; 1.8 mM

Fig. 5A. A decrease in sustained contractile response of isolated guinea-pig ileum induced by CaCl, 1.8 mM

30 min in depolarizing Tyrode solution after ethanol 95 per cent or curcuminoid 4 and 20 pug/ml expo-
sure. Each value represents the mean + SE of 7 experiments.

a = p < 0.05 vs ethanol 30 pl
b = p < 0.05 vs curcuminoids 4 pug/ml
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Fig. 5B Relaxant effect of curcuminoids 4 and 20 pg/ml on CaCl, induced guinea-pig ileal contraction. Each
value represents the mean + SE of 7 experiments.

a =p < 0.05 vs ethanol 30 ul
b = p < 0.05 vs curcuminoids 4 pg/ml

produced by oxytocin 1 x 10-2 [U/ml, ACh 2 pg/ml
and the attenuation in force and frequency of con-
traction were more prominent when uterine tissue was
exposed to curcuminoids 16 pwg/ml. Exposure to curcu-
minoids also elicited relaxation of uterine smooth
muscle precontracted with KCI 50 mM. (Table 1, Fig.
6)

DISCUSSION

The result from the present study has shown
that curcuminoids, a yellow compound isolated from
C. longa in the concentration at 12 pg/ml elicited
relaxation of ileum pre-contracted with ACh 5 x 10-7
M and histamine 5 x 10-7 M to 62.84 per cent and
75.60 per cent respectively and these effects were
more clearly found after exposure to curcuminoids
36 pug/ml (42.79% and 44.93%). Control of tension in
gastrointestinal smooth muscle is in large part depen-
dent on the intracellular Ca2+ concentration(20), In
general, there are two types of excitation-contraction
coupling based on the type of mechanism responsible
for change in Ca2+ concentration. Electromechanical
coupling requires changes in membrane potential which
activate voltage-dependent Ca2+ channel to trigger

an influx of Ca2+. The others are pharmacomecha-
nical coupling, in which chemical agents act via
specific receptors and can bring both excitatory and
inhibitory in nature.

Impaired histamine and acetylcholine induced
guinea-pig ileal contraction through H; and Mj
receptor were obtained after curcuminoids exposure
might be the result of inhibition through receptor-
mediated contraction. However, curcuminoids also
provided a non-receptor mediated mechanism for ileal
contraction since its compound (4 and 20 pg/ml)
exerted an inhibitory effect on ileal pre-contracted
with CaCl, 1.8 mM in potassium depolarizing Tyrode
solution (Ca2+ free medium). Curcuminoids impaired
ileal smooth muscle contraction was partly due to
interfering with Ca2+ influx via voltage-sensitive cal-
cium channel(21),

As uterine contraction is triggered by in-
creases in cytosolic Ca2+ concentration which arises
from several mechanisms. Entry through the surface
membrane calcium channel or Ca2+ release from the
sarcoplasmic reticulum (SR) is responsible for its
contraction mechanism(22).-Uterine contractant such
as oxytocin, acetylcholine (through oxytocin and M3
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receptors) increase force and frequency of uterine con-
traction by increasing influx and release from intra-
cellular Ca2+ store secondary to phospholipase C
(PLC) activation(23) curcuminoids 8 pg/ml decreased
force and frequency of uterine contraction after pre-
contraction with oxytocin 1 x 10-2 TU/ml and ACh
2 pg/ml to 54.68 and 73.01 per cent (force) and 79.09
and 76.33 per cent (frequency) respectively. The

80 -
70 -
60 -
50 -
40 -
30 -

% contraction

al. J Med Assoc Thai June 2003

uterine relaxation was more prominent when a higher
concentration of curcuminoids (16 pig/ml) was applied.
Relaxation of the pre-contracted rat uterus with oxy-
tocin and histamine by curcuminoids in the present
study may imply alteration of regulatory phosphoryla-
tion mechanism and produced change in intracellular
Ca2+, KClI (depolarizing stimulant) triggers smooth
muscle contraction by promoting Ca2+ influx through

1 4
20 -

force of contraction
—m— frequency of contraction

10 —o

Control C

110 -
100
90
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% contraction

T 1
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" @ force of contraction
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Fig. 6.

T 1

C 8 ug/mit C 16 pg/ml

Antispasmodic effects of curcuminoids 8 and 16 jig/ml on isolated rat uterus pre-contracted with oxy-

tocin 1 x 10-2 IU/ml (A) ACh 2 ug/ml (B) and KCl 50 mM (C). Each value represents the mean + SE

of 7 experiments

a = p < 0.05 vs ethanol 30 ul
b = p < 0.05 vs curcuminoids 8 pug/ml
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Antispasmodic effects of curcuminoids 8 and 16 pg/ml on isolated rat uterus pre-contracted with oxy-

tocin 1 x 10-2 [U/ml (A) ACh 2 pg/ml (B) and KCl 50 mM (C). Each value represents the mean + SE

of 7 experiments

a = p < 0.05 vs ethanol 30 ul
b = p < 0.05 vs curcuminoids 8 pug/mi

Table 1.

Relaxant effect of curcuminoids 8,16 pug/ml on force and frequency of rat uterine contraction induced

by oxytocin 1 x 10-2 IU/ml, ACh 2 pg/ml, KCI 50 mM. The results have been expressed as the per cent
of maximum response to standard agonist prior exposure to curcuminoids. Values shown are mean +
SE (n = 7) a = significant difference from ethanol 30 ul, b = significant difference from curcuminoids 8

ug/ml treated group. (p < 0.05)

Standard agonist 95% ethanol Curcuminoids Curcuminoids

on uterine smooth 30 ul 8 pg/ml 16 pug/ml

muscle Force of Frequency Force of Frequency Force of Frequency
contraction of contraction contraction of contraction contraction of contraction

Oxytocin

1 x 10-2 [U/ml 102.34 + 3.57 96.35+1.52 54.68 + 3.34a 79.09 +2.292 42.34 + 3.168b 71.18 + 1.89ab

ACh

2 pg/ml 98.40 + 1.97 90.29 + 0.71 73.01 £4.10 76.33 £ 3.942 43.38 + 3.56ab 49.96 + 5.20ab

KCl

50 mM 102.33 £ 0.68 - 57.102 + 4.92 - 36.60 + 2.99ab -

voltage-sensitive calcium channel that are readily
activated by membrane depolarization(24). KCl also
increases intracellular Ca2+ released from the cal-
cium store in sarcoplasmic reticulum(25), Curcumi-
noids 8, 16 pg/ml attenuated KCl 50 mM induced
uterine contraction to 57.10 and 36.60 per cent. There-
fore, extracellular Ca2+ influx through voltage-sen-
sitive calcium channel is thought to be inhibited by

the study compound. Inhibition of uterine pre-con-
tracted with oxytocin 1 x 10-2 IU/ml, ACh 2 pg/ml and
KCl 50 mM suggested that curcuminoids impaired
uterine contraction likely through receptor and voltage
ion channel mechanism.

The ileal and uterine smooth muscle relaxant
effect of curcuminoids from C longa might support
its folk use as a medicinal plant for the treatment of
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some gastrointestinal disorders and menstrual diffi-
culty. It could be beneficial in patients suffering from
a peptic ulcer(17,18),

In summary, the result obtained from the
present study suggested that curcuminoids isolated
from turmeric rhizomes exerted a relaxant effect on
guinea-pig ileum pre-contracted with several contrac-
tile stimuli (ACh 5 x 10-7 M, histamine 5 x 10-7 M

J Med Assoc Thai June 2003

and CaCly 1.8 mM) as well as uterine smooth muscle
pre-contracted with oxytocinl X 10-2 IU/ml, ACh 2
pg/ml and KC1 50 mM through receptor dependent
and independent mechanism.
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minoids 8 pg/mi Miusmasmuasanubasmvasananiy 7301 + 4.10% uaz 7633 + 3.94% wazaly
curcuminoids 16 pPg/mi wsaasuazANNazanawnniudniy 43.38 + 3.56% uar 49.96 + 5.20% dinlams
nszqumMvadau potassium chioride 50 MM WSVARIRARITNVLIAYY curcuminoids TlaFpINA 8 pg/ml
wsmasanaay 57.10 + 492% wazauna 16 pg/mi i 3660 + 299% Fwaminmadnmanaaglanas
curcuminods fianagugamamasinaiiaiisualadnaiu ileum 2BMYALM wazNARLEDIIBUNANYIYE Tag
NAINAENUM TN NUIAISTWAD TRl UM I LB TR
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