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Abstract

Aqueous extracts from eight plant species that are popularly
used as spasmolytics have been evaluated for these pre-
sumed activities. The species included Kalanchoë pinnata
(Lam.) Pers. (Crassulaceae), Cymbopogon citratus Stapf.
(Gramineae), Gossypium barbadense L. (Malvaceae), 
Caesalpinia pulcherrima (L.) Schwartz (Caesalpiniaceae),
Tagetes erecta L. (Compositae), Bixa orellana L. (Bixaceae),
Cassia alata L. (Caesalpiniaceae), and Phyllanthus amarus
Schum. & Thonn. (Euphorbiaceae). Potential spasmolytic
activity of the extracts was judged by their ability to reduce
forces of smooth muscle contraction of a 2-cm-long piece 
of guinea pig ileum induced by EC50 acetylcholine (27 ±
5mg/l) or EC50 histamine (102 ± 13mg/l). The dried extracts
were used at concentrations of 0.01, 0.1, 1, and 10mg/ml.
Incubations were carried out in Tyrode buffer kept at a tem-
perature of 37°C and mixed with 5% CO2 in air and were
monitored for 30s with 60-s intervals. Results (means ± SD;
n ≥ 3) were expressed relatively to forces of contraction due
to EC50 acetylcholine or EC50 histamine alone. The extract
from K. pinnata reduced the force of contraction due to 
histamine but not that due to acetylcholine progressively
(40% to 95%) with concentrations increasing from 0.01 to
10mg/ml. At 10mg/ml, the C. pulcherrima and B. orellana
extracts also counteracted only the histamine-induced force
of contraction (by about 25% and 50%, respectively). The 
C. citratus extract decreased the acetylcholine-induced force
of contraction by 20% to 60% at 0.1 to 10mg/ml and that

induced by histamine by 60% to 90% at 0.01 to 10mg/ml.
On the other hand, the G. barbadense extract potentiated
rather than reduced forces of contraction due to both acetyl-
choline and histamine (1.2- to 2-fold at 0.01 to 10mg/ml).
The T. erecta extract had such an effect only on the 
acetylcholine-induced force of contraction (about 2-fold at
10mg/ml). The use of the former but not the latter sample
alone led to an increase in smooth muscle tone that was not
reversed by atropine or chlorpheniramine. The C. alata and
P. amarus extracts did not significantly modify forces of con-
traction due to either acetylcholine or histamine. Our results
suggest that preparations from K. pinnata, C. citratus, C. 
pulcherrima, and B. orellana, but not from G. barbadense,
T. erecta, C. alata, and P. amarus, may be useful against
smooth muscle spasm. These actions were probably mediated
by distinct mechanisms.

Keywords: Antagonism, guinea pig ileum, H1 histaminergic
receptor, muscarinic receptor, plant-derived spasmolytics,
Surinamese folk medicine.

Introduction

Smooth muscle spasm plays an important role in the 
pathophysiology of diseases affecting hollow organs such 
as airways, intestines, urinary bladder, ureters, and uterus
(Paton & Webster, 1985; Poon, 1991; Attili et al., 1995;
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Bonamico et al., 1995; Lemanske & Busse, 2003). Examples
of such conditions are asthma, diarrhea, irritable bowel syn-
drome, kidney stones, and dysmenorrhea (Paton & Webster,
1985; Poon, 1991; Attili et al., 1995; Bonamico et al., 1995;
Lemanske & Busse, 2003). Although rather common, these
diseases often cause considerable discomfort and disability
that can last from a few hours to several days and may even
lead to death of the patient. Asthma, for instance, has not only
a relatively high incidence throughout the world but also
carries a significant risk of respiratory failure (Lemanske &
Busse, 2003).

Treatment of these conditions usually involves relaxation
of the smooth muscles in the walls of the affected organs.
Physiologically, smooth muscle contraction can occur upon
stimulation of plasma membrane–associated muscarinic or
H1 histaminergic receptors or through depolarization of the
plasma membrane (Paton & Webster, 1985; Caulfield, 1993).
Pharmacological interference with either of these processes
will prevent the intracellular cascade of biochemical reac-
tions that initiate smooth muscle contraction (Berridge,
1993; Wilson et al., 2002). The result is a decrease of muscle
tone and relief of the disabling condition.

The group of drugs used to accomplish these antagonis-
tic processes – spasmolytic or antispasmodic agents –
includes, among others, butylscopolamine, papaverine,
chlorpheniramine, and ipratropium bromide (Maitai 
et al., 1985; Milovanovic et al., 1997; Thirstrup, 2000;
Giamberardino et al., 2001). Given the discomfort and dis-
ability resulting from colics, cramps, and airway constriction,
it is not surprising that these drugs are in high demand.
Butylscopolamine and ipratropium bromide, for instance,
were in recent years among the 10 bestselling drugs, together
accounting for worldwide annual sales of several hundred
millions Euros (Krebs, 2002).

Today, many developing countries still rely almost entirely
on plant products for their primary health care (De Smet,
1997). Because smooth muscle spasm is, as mentioned
above, relatively common and often associated with con-
siderable pain, plant-derived ethnopharmacological sub-
stances with spasmolytic properties, not surprisingly, also
compose in these societies an important part of the medici-
nal armamentarium (De Smet, 1997; Hoareau & DaSilva,
1999). Unfortunately, there is in many cases no hard scien-
tific evidence to support the therapeutic usefulness of such
traditional preparations.

For these reasons, we decided to assess a series of plant-
derived preparations that are popularly used as spasmolytics
in various parts of the world (Titjari, 1985; Heyde, 1992;
Sedoc, 1992; Raghoenandan, 1994) for such an activity.
Thus, aqueous extracts were prepared from (parts of) these
plant species and evaluated for their capacity to reduce forces
of smooth muscle contraction of an isolated guinea pig ileum
induced by acetylcholine or histamine. The results obtained
are discussed against the background of available pharma-
cological, biochemical, and clinical information about the
plants studied.

Materials and Methods

Plant-derived materials

The plant species Kalanchoë pinnata (Lam.) Pers. (Crassu-
laceae), Cymbopogon citratus Stapf. (Gramineae), Gos-
sypium barbadense L. (Malvaceae), Caesalpinia
pulcherrima (L.) Schwartz (Caesalpiniaceae), Tagetes erecta
L. (Compositae), Bixa orellana L. (Bixaceae), Cassia alata
L. (Caesalpiniaceae), and Phyllanthus amarus Schum. &
Thonn (Euphorbiaceae) were collected in rural areas outside
Paramaribo, the capital of the Republic of Suriname. The col-
lection areas had been free of herbicides or pesticides for at
least 6 months prior to collection. The plant species have
been authenticated by Ms. S. Bipat from the Department of
Agricultural Sciences of the Anton de Kom University, 
Paramaribo, Suriname. Amounts of 500g of either whole
plants or certain plant parts were collected, extracted with
distilled water, evaporated to dryness under reduced pres-
sure, and stored at -20°C until testing. Information about the
plant species collected for this study, the plant parts used, the
extraction temperature applied, the periods of time of extrac-
tion, and their folk medicinal uses are given in Table 1.

Drugs and chemicals

The muscarinic receptor agonist acetylcholine, the specific
muscarinic receptor antagonist atropine, the H1 receptor
agonist histamine, and the specific H1 receptor antagonist
chlorpheniramine were from Sigma Chemical Co (St. Louis,
MO, USA). Shortly before experiments, the drugs were 
dissolved in and diluted with Tyrode buffer to the desired
concentrations. All other chemicals used were from our lab-
oratory stock and were of the highest grade available.

The isolated guinea pig ileum

Adult guinea pigs were obtained from the Animal Facility 
of our university. The animals were housed under standard
conditions, food and water being available ad libitum. For
experiments, they were anesthetized with chloroform, and
the ileum was removed, cleaned, and left to stabilize
overnight in Tyrode buffer at a temperature of 4 °C. The next
day, a piece of ileum of about 2-cm length was placed in a
glass tube containing 40ml of Tyrode buffer that was kept at
a temperature of 37°C and mixed with 5% CO2 in air.

Incubations

The ileum was exposed to acetylcholine, histamine, atropine,
chlorpheniramine, or one of the extracts, either alone or at
certain combinations. The resulting forces of smooth muscle
contraction were detected by a FT-100 sensor (CB-Sciences,
Dover, NH, USA) connected to the ileum, processed by an
ETH-260 Bio Amplifier (CB-Sciences) and a Powerlab 
400 E series digital/analog converter (ADInstruments, Castle
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Hill, Australia) to yield values in milligrams and were 
monitored for 30s using the Chart 4.2 for Windows software
(ADInstruments). Prior to each determination, the ileum was
allowed to recover for 60 s in fresh, prewarmed Tyrode buffer
alone.

Assessment of responses

Potential spasmolytic effects of the extracts were determined
from their capacity to reduce forces of smooth muscle con-
traction of the ileum induced by acetylcholine and/or hista-
mine at EC50 concentrations (effective drug concentrations
causing 50% of the maximum achievable force of smooth
muscle contraction). The extracts were used at the concen-
trations of 0.01, 0.1, 1, and 10mg/ml. The EC50 values 
of acetylcholine and histamine were derived from dose-
response curves, which were constructed by plotting forces
of smooth muscle contraction against eight corresponding
serial dilutions of the drugs between 2 and 500 mg/l. The
antagonizing effects of atropine 1mg/l and chlorpheniramine
0.4mg/l (Paton & Webster, 1985; Caulfield, 1993) were taken
to validate the usefulness of the ileum preparation to carry
out the above-mentioned evaluations. In all cases, forces of
smooth muscle contraction were corrected for basal tone
(readings in the presence of Tyrode buffer alone).

Statistical analysis

Data presented are mean ± SD of at least three independent
experiments performed in duplicate or triplicate, and p values
< 0.05 were taken to indicate statistically significant differ-
ences according to analysis of variance (ANOVA).

Results

Responses of the guinea pig ileum to agonists and
antagonists of smooth muscle contraction

Eight aqueous extracts from plant species that are popularly
used as spasmolytics have been evaluated for such an 
activity using the isolated guinea pig ileum. To this end, the
extracts were assessed for their ability to reduce forces of
smooth muscle contraction of the ileum induced by EC50

acetylcholine or EC50 histamine.
Figures 1a and 1b show the plots of forces of smooth

muscle contraction versus corresponding concentrations of
acetylcholine or histamine. The EC50 values derived from
these curves were 27 ± 5mg/l for acetylcholine and 102 ±
13mg/l for histamine (Table 2). At these concentrations,
forces of smooth muscle contraction were 1735 ± 220 and
1181 ± 229mg, respectively. The addition of either atropine

Table 1. Relevant information about the plant species used in the present study.

Plant part(s)
Scientific name (extraction period Folk medicinal uses
(Popular name) Family and temperature) (literature references)

Kalanchoë pinnata (Lam.) Pers. Crassulaceae Leaves Bronchospams (Titjari, 1985; Heyde, 1992; Sedoc, 1992;
(Mother of thousands) (60 min, 45°C) Raghoenandan, 1994); uterus cramps (Raghoenandan, 1994)

Cymbopogon citratus Stapf. Gramineae Leaves Bronchospams (Titjari, 1985; Heyde, 1992; Sedoc, 1992;
(Lemon grass) (30 min, 100°C) Raghoenandan, 1994); uterus cramps (Titjari, 1985); urinary

bladder spasms (Heyde, 1992); kidney colics (Heyde, 1992)

Gossypium barbadense L. Malvaceae Leaves Uterus cramps (Heyde, 1992; Sedoc, 1992; Raghoenandan, 
(Sea island cotton) (30 min, 100°C) 1994); intestinal cramps (Titjari, 1985; Heyde, 1992); 

urinary bladder spasms (Titjari, 1985); kidney colics 
(Sedoc, 1992)

Caesalpinia pulcherrima (L.) Caesalpiniaceae Leaves Intestinal cramps (Heyde, 1992); kidney colics (Heyde, 
Schwartz (Bird of paradise, (30 min, 100°C) 1992; Sedoc, 1992; Raghoenandan, 1994); kidney stones 
peacock flower) (Heyde, 1992; Sedoc, 1992; Raghoenandan, 1994)

Tagetes erecta L. Asteraceae Leaves Kidney stones (Raghoenandan, 1994)
(African marigold) (60 min, 45°C)

Phyllanthus amarus Schun. Euphorbiaceae Whole plant Uterus cramps (Heyde, 1992; Sedoc, 1992; Raghoenandan, 
et Thom (Black catnip) (60 min, 45°C) 1994); intestinal cramps (Titjari, 1985; Heyde, 1992; Sedoc,

1992); kidney colics (Titjari, 1985; Heyde, 1992; Sedoc, 
1992)

Cassia alata L. Caesalpiniaceae Roots Uterus cramps (Titjari, 1985; Heyde, 1992)
(Ringworm cassia) (60 min, 100°C)

Bixa orellana L. Bixaceae Leaves Uterus cramps (Titjari, 1985; Heyde, 1992)
(Annato) (30 min, 100°C)
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1mg/l or chlorpheniramine 0.4 mg/l reduced these values by
approximately 60% (Table 2). Of note, at these concentra-
tions, neither atropine nor chlorpheniramine elicited signifi-
cant effects on smooth muscle tone. These observations are
in agreement with expectations (Paton & Webster, 1985;
Berridge, 1993; Caulfield, 1993; Wilson et al., 2002) and
validate the suitability of the model to assess the plant
extracts for their potential spasmolytic activity.

Effects of plant extracts on the force of smooth muscle
contraction induced by acetylcholine

Subsequently, forces of smooth muscle contraction induced
by EC50 acetylcholine in the presence of the extracts were
determined and compared to those caused by EC50 acetyl-
choline alone. Data have been expressed relative to those
found for the latter compound and are summarized in 
Table 3.

The K. pinnata extract did not significantly alter the
acetylcholine-induced force of muscle contraction at 0.01 to
1mg/ml but eradicated this effect almost completely at 
10mg/ml. Forces of muscle contraction found with the

simultaneous use of EC50 acetylcholine and the C. citratus
extract at 0.01mg/l also did not differ significantly from that
recorded for the former alone. However, the use of this
extract at 0.1, 1, and 10mg/ml led to a reduction in forces of
muscle contraction to approximately 80%, 75%, and 40%,
respectively, of that noted for EC50 acetylcholine alone. These
findings indicated that the K. pinnata and C. citratus pre-
parations can diminish contractions generated by stimulation
of the muscarinic receptor.

The addition of the G. barbadense or T. erecta extracts to
EC50 acetylcholine led to an increase (of about 2-fold) rather
than a decrease in the force of muscle contraction caused by
EC50 acetylcholine. The potentiating effect of the G. bar-
badense sample was already noticeable at 0.01mg/ml and
quite evident at higher concentrations. Furthermore, the use
of this sample alone led to an appreciable increase in smooth
muscle tone that did not respond to atropine (see footnote to
Table 3). Thus, this sample seemed to act spasmogenic rather
than spasmolytic through a mechanism that did not likely
involve direct stimulation of the muscarinic receptor. The
potentiating effect of the T. erecta extract was observed at 
10mg/ml, but this sample did not affect smooth muscle tone 
by itself (see footnote to Table 3), indicating that it lacked
significant intrinsic spasmogenic properties.

Forces of smooth muscle contraction caused by EC50

acetylcholine simultaneously with the C. pulcherrima, P.
amarus, C. alata, or B. orellana extracts were not signifi-
cantly different from that due to EC50 acetylcholine alone.

Effects of plant extracts on smooth muscle contraction
induced by histamine

Next, the samples were evaluated for their effects on the force
of smooth muscle contractions induced by EC50 histamine.
The results from these experiments have been expressed with
respect to those found for EC50 histamine alone and are given
in Table 4.
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Figure 1. Effects of (a) acetylcholine and (b) histamine at concentrations of 2 to 500 mg/l on forces of smooth muscle contraction of the 
isolated guinea pig ileum. Results are means (data points) ± SDs (vertical bars) of at least three independent experiments performed in 
triplicate or duplicate.

Table 2. Forces of smooth muscle contraction (mg) of an isolated
guinea pig ileum induced by EC50 acetylcholine (27 ± 5 mg/l) or
EC50 histamine (102 ± 13 mg/l) in the absence or presence of
atropine (1 mg/l) or chlorpheniramine (0.4 mg/l), respectively. Data
are means ± SDs of at least three independent determinations per-
formed in duplicate or triplicate.

Forces of smooth muscle
Drug(s) contraction (mg)

Acetylcholine alone 1735 ± 220
Acetylcholine + atropine 689 ± 379
Histamine alone 1181 ± 229
Histamine + chlorpheniramine 454 ± 158



426 D.R.A. Mans et al.

The combination of EC50 histamine with the K. pinnata
extract led to a progressive decrease in forces of smooth
muscle contraction (from 59 ± 13% to 3 ± 1% of that induced
by EC50 histamine) with extract concentrations increasing
from 0.01 to 10mg/ml. As this extract opposed the acetyl-
choline-mediated contractions only at 10mg/ml (Table 3), 
its apparent antispasmodic activity might mainly involve
antagonism of the H1 receptor.

Forces of smooth muscle contraction produced by the
simultaneous use of EC50 histamine and the C. citratus
extract at 0.01–1mg/ml on the one hand, and at 10mg/ml on
the other hand, were approximately 60% and 10%, respec-
tively, of that determined for EC50 histamine alone. Because
the use of this sample also led to a significant decrease in the
force of muscle contraction caused by EC50 acetylcholine
(Table 3), it may have the potential to counteract spasms

Table 3. Forces of smooth muscle contraction of the isolated guinea pig ileum induced by
EC50 acetylcholine (27 ± 5 mg/l) in the presence of plant extracts, relative to that found for EC50

acetylcholine alone. The latter value was set at 100%. Data are expressed in %, and are means
± SDs of at least three independent experiments performed in duplicate or triplicate.

Relative forces of smooth muscle contraction 
at extract concentrations of:

0.01 mg/ml 0.1 mg/ml 1 mg/l 10 mg/ml

K. pinnata 101 ± 4 108 ± 8 113 ± 7 4 ± 11

C. citratus 84 ± 23 83 ± 13 75 ± 11 41 ± 241

G. barbadense2 125 ± 41 162 ± 301 183 ± 331 190 ± 471

C. pulcherrima 122 ± 25 118 ± 19 107 ± 5 114 ± 9
T. erecta3 117 ± 28 132 ± 34 134 ± 35 183 ± 471

P. amarus 101 ± 9 113 ± 7 109 ± 22 100 ± 17
C. alata 117 ± 13 120 ± 12 127 ± 10 155 ± 64
B. orellana 107 ± 12 111 ± 3 106 ± 7 103 ± 8

1 Significantly different from the force of smooth muscle contraction due to EC50 acetylcholine
alone (P < 0.05, ANOVA).
2 The force of smooth muscle contraction caused by the G. barbadense extract itself at 10 mg/ml
was 2976 ± 943 mg. In the presence of atropine 1 mg/l, this value was 2754 ± 858 mg.
3 The force of smooth muscle contraction recorded for the T. erecta extract itself at 10 mg/ml
was 40 ± 5 mg.

Table 4. Forces of smooth muscle contraction of the isolated guinea pig ileum induced by
EC50 histamine (102 ± 13 mg/l) in the presence of plant extracts, relative to that found for EC50

histamine alone. The latter value was set at 100%. Data are expressed in %, and are means ±
SDs of at least three independent experiments performed in duplicate or triplicate.

Forces of smooth muscle contraction 
at extract concentrations of:

0.01 mg/l 0.1 mg/l 1.0 mg/l 10.0 mg/l

K. pinnata 59 ± 131 19 ± 01 6 ± 31 3 ± 11

C. citratus 64 ± 191 63 ± 191 60 ± 41 13 ± 11

G. barbadense2 157 ± 551 200 ± 291 206 ± 311 216 ± 381

C. pulcherrima 102 ± 4 108 ± 6 111 ± 12 73 ± 181

T. erecta 102 ± 10 104 ± 18 102 ± 17 102 ± 5
P. amarus 86 ± 19 115 ± 6 112 ± 14 91 ± 41
C. alata 97 ± 23 102 ± 30 93 ± 34 94 ± 32
B. orellana 99 ± 9 110 ± 9 102 ± 6 46 ± 271

1 Significantly different from the force of smooth muscle contraction due to EC50 histamine
alone (P < 0.05, ANOVA).
2 The force of smooth muscle contraction caused by the G. barbadense extract itself at 10 mg/ml
was 3066 ± 1200 mg. In the presence of chlorpheniramine 0.4 mg/l, this value was 3052 ±
1251 mg.
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induced by stimulation of either the muscarinic or the H1

receptor.
The use of the C. pulcherrima and B. orellana extracts at

10mg/ml also led to reductions (of approximately 25% and
50%, respectively) in the histamine-induced force of muscle
contraction. Because these samples did not affect the acetyl-
choline-induced force of muscle contraction (Table 3), their
relaxant effects might thus be attributed to H1 receptor 
antagonism.

On the other hand, the addition of the G. barbadense
extract to EC50 histamine led, as found for its combination
with EC50 acetylcholine (Table 3), to approximately a 2-fold
increase in the force of smooth muscle contraction when
compared to that induced by EC50 histamine alone. Further-
more, the increase in smooth muscle tone caused by this
extract itself was not opposed by chlorpheniramine 0.1 mg/l
(see footnote to Table 4). Because this phenomenon also did
not respond to atropine (see footnote to Table 3), the spas-
mogenic action of this extract did not seem related to a direct
interaction with either the muscarinic or the H1 receptor.

The concomitant use of EC50 histamine and the T. erecta,
P. amarus, or C. alata extracts did not yield forces of smooth
muscle contraction that differed significantly from that
induced by EC50 histamine alone (see footnote to Table 4).
Thus, while the T. erecta sample intensified acetylcholine-
generated smooth muscle contractions (Table 3), it did not
affect those triggered by histamine. The P. amarus and C.
alata extracts, on the other hand, did not exert detectable
effects on smooth muscle contractions induced by either
acetylcholine or histamine.

Discussion

To date, a significant number of plant species are popularly
used for medicinal purposes throughout the world (De Smet,
1997; Hoareau & DaSilva, 1999), often without sufficient
scientific proof of therapeutic efficacy. In this study, the
aqueous extracts from (parts of) eight such species (K.
pinnata, C. citratus, C. pulcherrima, B. orellana, G. bar-
badense, T. erecta, C. alata, and P. amarus) have been 
evaluated for their presumed antispasmodic activity. Using
the isolated guinea pig ileum, our results support such an
activity for the former four plant species.

The apparent spasmolytic activity of the K. pinnata
extract was in accordance with previous data reporting 
that the leaf juice from this plant species had smooth
muscle–relaxing activity in the isolated guinea pig ileum
(Nassis et al., 1992). Furthermore, this sample appeared 
to protect laboratory animals from vascular permeability
responses to and asphyxia by histamine (Nassis et al., 1992).
The activity had been localized to a flavonoid-containing
fraction (Nassis et al., 1992), which was consistent with the
identification of flavonoid glycosides in water extracts from
K. pinnata leaves (Gaind & Gupta, 1971). However, whereas
the spasmolytic activity had solely been ascribed to com-

petitive interaction with the H1 receptor (Nassis et al., 1992),
the current results suggest that antagonism of the muscarinic
receptor may also play a role in this phenomenon. The latter
effect was observed at the relatively high concentration of 
10mg/ml extract (Table 3). This may explain why it might
have been overlooked in the earlier study with the leaf juice
(Nassis et al., 1992), which likely contained lower amounts
of the active ingredient(s) than the concentrated leaf extract
used in the current study.

That the C. citratus leaf extract also may have useful anti-
spasmodic activity was immediately clear from its counter-
acting effects on smooth muscle contractions caused by 
both acetylcholine and histamine. Such an activity is in line
with the opposing effect of a C. citratus extract on castor
oil–induced diarrhea in rats (Sadraei et al., 2003); its decreas-
ing effect on the intestinal transit of a charcoal meal in mice
and defecation scores of rats (Carlini et al., 1986); as well as
the identification in the extract of flavonoids and terpenoids
with suggested antispasmodic activity (Carlini et al., 1986).
The partial reversal of the acetylcholine- as well as the 
histamine-induced contractions by the C. citratus extract may
be attributed to interference with the muscarinic as well the
H1 receptor, as established for various first-generation anti-
histamines (Simons & Simons, 1994). This dual effect may
be also explained by perturbation of biochemical processes
common to both receptor types, for instance, transmembrane
ion fluxes involved in plasma membrane depolarization
(Paton & Webster, 1985; Caulfield, 1993). In this respect, a
water extract from C. citratus leaves reportedly reversed the
contractions of an isolated rat ileum induced by KCl (Sadraei
et al., 2003). A third tentative explanation for our observa-
tions might be provided by the presence in C. citratus leaves
of essential oils with potent analgesic properties such as
citral, b-myrcene, and geraniol (Seth et al., 1976). The appre-
ciable smooth muscle relaxant activity of these substances
has been suggested to be mediated by a mechanism compa-
rable to that established for certain opioids (Milovanovic 
et al., 1997). Whether, and which of these hypotheses holds
true remains to be established.

The C. pulcherrima and B. orellana extracts had relatively
modest, but significant, reducing effects on smooth muscle
contractions caused by histamine, but not on those induced
by acetylcholine. This suggests that the actions of these
samples might be attributed to H1 receptor antagonism, but
this assumption needs to be confirmed in additional studies.
Nevertheless, their apparent antispasmodic activities are in
line with the presence in C. pulcherrima leaves of flavonoids
that might be efficacious against gastrointestinal and 
genitourinary disorders (Haslam, 1996), as well as with the
smooth muscle–relaxing activity of aqueous extracts from B.
orellana roots and leaves observed in laboratory animals
(Evans, 2000).

Unlike the above-mentioned extracts, that from G. bar-
badense leaves potentiated rather than counteracted smooth
muscle contractions induced by both acetylcholine and 
histamine. Furthermore, this sample itself exhibited potent
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spasmogenic activity that was not affected by atropine or
chlorpheniramine, signifying that its apparent spasmogenic
activity was not directly mediated by either the muscarinic
or the H1 receptor. Of note, in pilot experiments (data not
shown), the use of papaverine 10mg/ml (Maitai et al., 1985;
Milovanovic et al., 1997; Thirstrup, 2000; Giamberardino et
al., 2001) was also without a significant effect on the extract-
induced smooth muscle contractions, which suggests that 
it also did not interfere with biochemical processes occur-
ring immediately downstream from the receptors (Berridge,
1993; Wilson et al., 2002). At present, our observations
cannot be satisfactorily explained. However, they are more
consistent with the popular use of G. barbadense prepara-
tions to increase vaginal muscle tone postpartum or as an
abortifacient (Heyde, 1992; Raghoenandan, 1994) than as an
antispasmodic.

The extract from T. erecta leaves also augmented the force
of smooth muscle contraction of the ileum induced by acetyl-
choline but not that caused by histamine. However, the fact
that this extract failed to induce smooth muscle contractions
on its own suggested that it did not have meaningful spas-
mogenic activity as found for the G. barbadense extract.
These observations may tentatively be explained by those
from a previous study (Bose et al., 1979), in which the con-
tractions of an isolated guinea pig trachea induced by a T.
erecta extract were not reversed by conventional blocking
agents but by adrenaline (Bose et al., 1979). Thus, the extract
might possess sympathicolytic rather than parasympa-
thicomimetic properties, implying that its use may decrease
sympathetic tone and intensify acetylcholine-induced
smooth muscle contractions, as observed in the current study
(Table 3). Obviously, this supposition must be verified in
future studies.

Several studies support the ethnopharmacological uses of
preparations from parts of C. alata and P. amarus against
smooth muscle spasms. For instance, the results from a clini-
cal study suggested that a water extract from C. alata leaves
could effectively relieve constipation (Elujoba et al., 1989),
presumably due to several anthraquinones with potent 
laxative properties (Thamlikitkul et al., 1990). Furthermore,
water extracts from the leaves of P. amarus were observed to
control frequent menstruation as well as kidney and urinary
bladder disturbances (Calixto et al., 1999), which might be
attributed to the interference of certain bioactive substances
with key enzymes involved in the pathophysiology of these
disorders (Calixto et al., 1999; Campos & Schor, 1998).
Notwithstanding, the C. alata and P. amarus extracts did 
not elicit significant smooth muscle relaxant activity in 
the current study. These discrepancies cannot readily be
explained but may be ascribed to differences in time of
harvest, genotype, chemotype, geographical origin, and/or
environmental and agronomic conditions (Svoboda et al.,
1995).

Taken together, the results from this study combined with
those from others (Carlini et al., 1986; Nassis et al., 1992;
Haslam, 1996; Evans, 2000; Sadraei et al., 2003) speak in

favor of the traditional uses of K. pinnata, C. citratus, C. pul-
cherrima, and B. orellana preparations as antispasmodics.
Thus, these natural products may represent attractive alter-
natives for the treatment of bronchospams, uterus cramps,
urinary bladder spasms, kidney colics, and intestinal cramps.
Our data suggest further that these samples elicit their anti-
spasmodic actions through distinct mechanisms. The chal-
lenge now is to establish definitely their roles in the treatment
of such disorders through carefully designed animal toxicol-
ogy and pharmacological studies, as well as well-controlled,
double-blind clinical trials.
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