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Abstract: This study investigated the effects of the ethanolic extract from the bark of Combretum 
leprosum (ECL) on intestinal transit and castor-oil induced diarrhea in mice. The oral administration of 
ECL (750 and 1000 mg/kg) slowed intestinal transit (ID50 of 455 mg/kg). The ECL (250-1000 mg/kg) 
reduced castor-oil induced diarrhea, in a time- and dose-dependent manner (p < 0.05). To determine if 
antidiarrheal effect of ECL involves α2-adrenergic or opioid receptor activation, the mice were pretreated 
with antagonists of these receptors, yohimbine or naloxone respectively. None of these drugs inhibited 
the antidiarrheal effect of ECL. To test if antidiarrheal effect of ECL is due to an antisecretory action, we 
realized the enteropooling assay on rats. The ECL increased bowel content and did not inhibit intestinal 
fluid secretion increase induced by misoprostol (100 µg/kg, s.c.). To determine if antimotility effect of ECL 
is due to a reduction on gastric motility, we realized the organ bath assay in the rat fundus stomach. Isotonic 
recordings show that the carbachol /KCl - induced contraction was not reversed by the addition of ECL. 
In conclusion, our results suggest that ECL contains antidiarrheal compounds and these compounds could 
induce a reduction of intestinal tract motility.
Key words: Combretum leprosum, antidiarrheal effect, medicinal plants, polyphenols, intestinal transit, 
enteropooling.

Correspondence to: Suzana Maria Galvão Cavalcanti 
E-mail: smpgalvao@gmail.com 
ORCid: http://orcid.org/0000-0002-1023-4420

INTRODUCTION

In children under 5 years of age, the diarrheal 
disease caused over 700.000 episodes of deaths 
in 2011, despite efforts made all over the world 
to reduce this number (Walker et al. 2013). In 
developing countries, diarrhea is the second leading 

cause of morbidity and mortality in children under 
5 years of age (Liu et al. 2012) and in highly 
developed countries, it is the most common disease 
among travelers, affecting 20 to 50% of people in 
transit (Steffen et al. 2015). Diarrhea is defined as 
a gastrointestinal disorder marked by abnormal 
intestinal motility or an increased fluidity of the 
stool and/or presence of blood and mucus, due to 
an imbalance between the absorptive and secretory 
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forces of the gastrointestinal tract (Field 2003, Petri 
Jr et al. 2008, Wood 2010). People with diarrhea 
may also present nausea, vomit, abdominal cramps 
and, as a result of these symptoms, be compelled to 
change their routine, which may force the affected 
individuals into bed rest until the hydroelectrolytic 
balance is restored through the reposition of the 
water and electrolytes lost.

Combretum leprosum, commonly known as 
“mofumbo”, is a plant from the Combretaceae 
family, which is widely distributed in the Northeast 
region of Brazil. Infusions, decoctions and syrups 
prepared from the leaves, bark and roots of this 
plant are popularly used all over the Northeast of 
Brazil as a natural expectorant, as treatment for 
hemorrhages and the flu (Agra et al. 2008, Matos 
1998). 

Flower, leaf and root phytochemical analyses 
from C. leprosum have led to the isolation and 
identification of pentacyclic triterpenoids and the 
flavonoids 3-0-methylquercetin and quercetrin 
(Facundo et al. 1993). The active constituents found 
in the flowers, leaves and bark of the C. leprosum 
plant are responsible for its varied pharmacological 
effects. An example is the antinociceptive activity 
observed in mice treated with the ethanolic extract 
obtained from the flowers from C. leprosum, and 
subjected to chemical and thermal models of 
nociception (Pietrovski et al. 2006). C. leprosum 
was also able to reverse skin inflammatory and 
hyperproliferative processes, such as those 
provoked by 12-O-tetradecanoylphorbol-13-
acetate (TPA) and ear edema caused by croton oil, 
in classic models of inflammation (Horinouchi 
et al. 2013). The compounds triterpene 3β, 
6β, 16β-trihydroxylup-20(29)-ene (TTHL), 
isolated from the flowers of C. leprosum, as 
well as (-)-epicatechin, originated from the bark 
promoted antinociceptive activity (Pietrovski et 
al. 2006, Lopes et al. 2010). Furthermore, the oral 
administration of the ethanolic extract obtained 
from the flowers of C. leprosum diminished motor 

and molecular changes induced by the toxin 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) and partially reversed dopamine 
deficiency (Moraes et al. 2016), demonstrating the 
extract’s therapeutic potential for the prevention 
and treatment of Parkinson’s disease symptoms.

We have recently shown that the hydroethanolic 
extract from the bark of C. leprosum (ECL) 
exerts an extremely potent (IC50 = 200 ng/mL) 
endothelium-mediated relaxation of precontracted 
arterial rings in different species of animals such 
as mice, rats, guinea pigs, rabbits and pigs (Alves 
Filho et al. 2015). Regarding the pharmacological 
activity of C. leprosum in the gastrointestinal 
tract, our previous work demonstrated that oral 
treatment with C. leprosum completely inhibited 
gastric ulcers induced by ethanol and partially 
reduced lesions induced by indomethacin, besides 
efficiently increasing the pH and reducing gastric 
acid secretion in rats subjected to a pyloric ligature 
model (Nunes et al. 2009). The applicable literature 
did not reveal any studies on the antidiarrheal 
activity of this species, even though this effect has 
been observed in other genera of the Combretaceae 
family (Aniagu et al. 2005, Cock 2015). Thus, the 
present work aims to investigate the antidiarrheal 
activity of the hydroethanolic extract from the 
bark of C. leprosum and the possible mechanisms 
involved in its pharmacological effects.

MATERIALS AND METHODS

DRUGS USED IN THE EXPERIMENTS

Atropine, carbachol, activated vegetable charcoal, 
clonidine, scopolamine, yohimbine, misoprostol, 
morphine, naloxone, castor oil, sodium thiopental 
and verapamil were obtained from Sigma-Aldrich 
Inc. (USA). The drugs were diluted in either saline 
or distilled water.
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were approved by the Ethics Committee for Animal 
Experimentation of the Federal University of Piauí 
(protocol number 065/15 for mice and protocol 
number 008/12 for rats), in accordance with the 
ethical principles as set forth by the National 
Council of Animal Experimentation Control – 
CONCEA.

Small intestinal transit in mice 

In order to evaluate the effect of the stem bark extract 
from C. leprosum on intestinal motility, a model 
of intestinal transit using activated charcoal was 
applied, through which the speed of bowel transit 
was determined by the displacement of this marker, 
a fixed period of time after oral administration. The 
animals were adapted for a period of at least 4 days in 
metabolic cages as to prevent coprophagia, and kept 
in the standard conditions described in item “Animal 
Model”. Food, but not water, was withdrawn 12 
hours before the experiments. Six groups of ten mice 
each were treated orally either with distilled water or 
the hydroethanolic extract of Combretum leprosum 
(ECL 250, 500, 750 and 1000 mg/kg) or morphine 
(10 mg/kg). Thirty minutes after treatment, the 
animals were given an aqueous suspension of 
activated charcoal 2.5% orally (charcoal meal) and 
after another 30 minutes, they were euthanized with 
a lethal dose of sodium thiopental (100 mg/kg, i.p.= 
intraperitoneal). Then, the pylorus and ileocecal 
valve were surgically ligated and the small intestine 
was removed and outstretched on the surface of a 
petri dish. Intestinal transit was evaluated through 
the determination of the total distance traversed by 
the activated charcoal marker until the last portion of 
the bowel, which contained at least one continuous 
centimeter of charcoal, and expressed as a percentage 
in relation to the total length of the small intestine 
(Gurgel et al. 2001).

Castor oil-induced diarrhea in mice

The method used to evaluate the antidiarrheal 
effect of the extract of stem bark from C. leprosum 
was the same used by Awouters et al. (1978) with 

PLANT MATERIAL  

The stem bark from Combretum leprosum were 
collected on July 15th, 2013 in the Center of 
Agricultural Sciences of the Federal University of 
the state of Piauí (CCA/ UFPI), located in the capital 
Teresina. Voucher specimens of the plant (number 
10.557) were deposited on the Graziela Barroso 
herbarium at the Center of Natural Sciences of the 
aforementioned institution.

EXTRACT PREPARATION

The stem barks were dried in greenhouses at 40 ± 
1 οC and posteriorly crushed in an electric knife 
mill. Thereafter, the powder obtained underwent 
a process of five subsequent extractions and 
maceration with a 70% ethanol solution, in room 
temperature, every 3 to 4 days. The resulting extract 
was then concentrated using a rotary evaporator 
at 40 ºC, followed by dilution in demineralized 
water (50 mL of the extract in 410 mL of water), 
homogenization in a magnetic stirrer along with the 
drying-adjuvant colloidal silicon dioxide (aerosil) 
and drying using the spray drying technique 
(Oliveira and Petrovick 2010). Finally, the dried 
residue was allocated in amber glass bottles and 
kept in room temperature.

ANIMAL MODEL 

Swiss mice weighing 25 to 35 g and Wistar female 
rats from Central Vivarium/UFPI were used in 
the experiments after an adaptation phase to the 
research laboratory’s conditions before being 
subjected to the experiment at the Biophysics and 
Physiology Laboratory at UFPI. The animals were 
fed with the standard commercial brand of food for 
rodents (Purina Chow) and had access to water ad 
libitum. They were kept under standard conditions 
with a 12h light/dark cycle, 44 to 56% humidity 
and a temperature of 24 ± 2 °C. The animals were 
randomly divided into control and treatment groups 
of 10 animals per group. Experimental protocols 
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slight modifications. The animals were given 
at least 4 days to adapt to the conditions of the 
environment, housed in metabolic cages as to 
prevent coprophagia, and kept under the standard 
conditions described in item “Animal Model”. 
Food, but not water, was withdrawn 12 hours before 
the experiments and the animals were divided into 
seven groups of ten animals each. The animals from 
the first and second groups received the vehicle 
(distilled water 10 mL/kg, p.o. = per oral), while the 
animals from the third to the sixth group received 
the hydroethanolic extract from C. leprosum (ECL) 
at the doses of 250, 500, 750 and 1000 mg/kg 
(p.o./ gavage) respectively. The seventh group was 
injected subcutaneously with morphine at the dose 
of 10 mg/kg. After 60 minutes of each treatment, 
the animals from the first group received distilled 
water orally and all the other groups were given 
castor oil (0.2 ml/animal). Thereafter, the animals 
were individually observed for 4 hours during 
which the number of solid and liquid evacuations 
were quantified, initially every 30, 60, 120, 180 and 
240 minutes after administration, with the purpose 
of assessing the evolution and intensity of castor-
oil induced diarrhea.

Castor oil-induced diarrhea in mice pretreated 
with naloxone

Aiming to investigate the involvement of opioid 
receptors on the antidiarrheal effect of ECL, 5 
groups of animals (10 animals per group) were 
pretreated with naloxone (2 mg/kg, s.c.), followed 
by treatment with ECL (500, 750 or 1000 mg/kg, 
p.o.), distilled water (10 mg/kg, p.o.), or morphine 
(10 mg/kg, s.c = subcutaneous), after which 
diarrhea was induced with castor oil, as described 
above (item Castor oil-induced diarrhea in mice).

Castor oil-induced diarrhea in mice pretreated 
with yohimbine

The participation of α2-adrenergic receptors in the 
antidiarrheal effect of ECL was investigated through 
the pretreatment of 3 groups of animals (7 animals 

per group) with yohimbine (5 mg/kg, s.c.) and then, 
distilled water (10 mL/kg, p.o.), ECL (1000 mg/
kg, p.o.) or clonidine (0.1 mg/kg, p.o.), after which 
diarrhea was induced with castor oil, as described in 
item Castor oil-induced diarrhea in mice.

Effects of ECL on fluid intestinal secretion 
(enteropooling) induced by misoprostol on the 
intestines of rats

The effect of ECL on intestinal secretion 
(enteropooling) induced by misoprostol was 
investigated based on the methodology developed 
by Robert et al. (1976) and Beubler and Lembeck 
(1980). Six groups (n = 6-8 animals / group) of 
female Wistar rats were deprived of solid food for 18 
hours and then divided into two subgroups of three 
groups each. The first three groups were treated with 
distilled water (5 mL/kg), ECL (750 mg/kg p.o.) or 
scopolamine (20 mg/kg p.o.) and after one hour with 
misoprostol (MISO 100 μg/kg s.c., dissolved in 5% 
ethanol). The other three groups were treated with 
water (5 mL/kg), ECL (750 mg/kg) or scopolamine 
(20 mg/kg) and one hour later with 5% ethanol (5 
mL/kg). Half an hour later, all of the animals were 
euthanized and the small intestines were surgically 
removed after ligature of the pylori and of the 
ileocecal valves. The intestines were then weighed 
before and after removal of the intestinal content 
in order to determine intestinal secretion (mass in 
grams). The data were expressed as mean ± standard 
deviation (M ± D.P.). The statistical analysis were 
carried out using ANOVA and Tukey’s multiple 
comparisons test. Statistical significance was 
assumed at p < 0.05.

FUNCTIONAL STUDIES

The Wistar rats (180-220 g) were euthanized with 
a sodium thiopental overdose, followed by the 
extraction of the gastric fundus (Smaili et al. 1998). 
Strips of longitudinal smooth muscle, recorded 
under isotonic conditions, were then prepared and 
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mounted into isolated 10 mL organ baths consisting 
of a Tyrode solution of 136.8 mM of NaCl, 2.7 mM 
of KCl, 1.8 mM of CaCl2, 0.4 mM of NaH2PO4, 11.9 
mM of NaHCO3 and 5.6 mM of glucose (pH 7.4 at 
37 °C), gassed with atmospherical air. A resting 
tension of 1 g was exerted and kept throughout the 
experiment. The tissues were allowed to stabilize 
for one hour during which the tissue was repeatedly 
washed with the Tyrode solution every 10 to 15 
minutes, followed by a test of the viability of the 
preparation through the addition of KCl (40-80 
mM). After the equilibrium period, the preparation 
was once again washed for 30 minutes and either 
carbachol or KCl was added. When the plateau of 
the contractile responses induced by carbachol or 
KCl was reached, ECL (100-300 µg/mL), atropine 
(100-300 nM) or verapamil (1-10 µM) were added 
to the preparation.

STATISTICAL ANALYSIS

The results are presented as mean ± standard 
deviation (M ± D.P.). The value for the ID50 
(dose for semi-maximum inhibition response) 
was calculated using a linear regression test 
(GraphPadPrism® - GraphPad Software, Inc.). The 
groups were compared using the two-way analysis 
of variance (Two-way ANOVA), followed by the 
Duncan post hoc test. Statistical significance was 
assumed at p < 0.05.

RESULTS

EFFECT OF BARK EXTRACT FROM THE STEM OF 
Combretum leprosum IN MICE BOWEL TRANSIT

The investigation of the effect of bark extract from 
the stem of Combretum leprosum in the normal 
bowel transit of mice (Table I), revealed that the 
groups treated with ECL (750 and 1.000 mg/kg, 
p.o.) presented a significantly shortened intestinal 
transit time (p ≤ 0.05) when compared to the 
control group. The calculated ID50 was 455 mg/kg. 
The subcutaneous administration of a single dose 
of morphine (10 mg/kg), used as a positive control, 
significantly inhibited normal intestinal transit in 
mice (Table I). 

EFFECT OF BARK EXTRACT FROM THE STEM 
OF Combretum leprosum IN AN INTESTINAL 
HYPERMOTILITY MODEL INDUCED BY CASTOR OIL 

The extract’s antidiarrheal effect on castor-oil 
induced diarrhea was evaluated through the 
quantification of liquid stool eliminated (Figure 1). 
We demonstrated that a dose of 0.2 mL of castor-
oil caused a significant increase in the number 
of diarrheal episodes, as promptly as 60 minutes 
after administration, which persisted for up to 120 
minutes. In contrast, the oral administration of 
ECL (250, 500, 750 and 1000 mg/kg) promoted 
a statistically significant reduction of castor-oil 
induced diarrhea in a dose- and time-dependent 

TABLE I
Effect of the administration of a suspension of the hydroethanolic extract of stem bark of Combretum leprosum (ECL) 

(250, 500, 750 and 1000 mg/kg, p.o.) or morphine (10 mg/kg, s.c.) upon intestinal transit in mice. The values are expressed 
in mean percentages.

Treatment Dose (mg/kg) Intestinal Transit (%) Inhibition (%)
ECL 250 54.5 ± 2.6 # 3.5

500 53.8 ± 3.8 # 4.8
750 45.2 ± 2.1 * # 20.0
1000 17.2 ± 5.5 ** 69.6

Morphine 10 14.2 ± 4.0 ** 74.9
Distilled water - 56.5 ± 3.5 0.0

*p < 0.05 and **p < 0.01. Statistically significant in relation to distilled water (Duncan’s Test). # p < 0.05. Statistically significant 
in relation to morphine (Duncan’s Test).
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manner. Only 60 minutes after treatment, was the 
diarrhea induced by castor oil completely abolished 
in the groups of mice treated with ECL at 500, 750 
and 1000 mg/kg (Figure 1b). However, this effect 
seems to be reversible, given that 180 minutes after 
administration, the number of liquid evacuations, 
although still significantly reduced, was no longer 
abolished (Figure 1d). Combretum leprosum extract 
at the dose of 500 mg/kg, but not at 250 mg/kg, 
significantly decreased castor oil induced diarrhea 
episodes after 60 minutes (Figure 1b).

INVOLVEMENT OF α2-ADRENERGIC RECEPTORS 
ACTIVATION IN THE ANTIDIARRHEAL EFFECT 
OF THE EXTRACT OF BARK FROM THE STEM OF 
Combretum leprosum IN A MODEL OF INTESTINAL 
HYPERMOTILITY INDUCED BY CASTOR OIL

In order to evaluate the involvement of the activation 
of α2-adrenergic receptors on the antidiarrheal 
effect of ECL, we quantified the total number of 
liquid evacuations over a period of 240 minutes. 
Therefore, as illustrated in Figure 2a, ECL at the 
doses of 500, 750 and 1000 mg/kg significantly 
reduced castor-oil induced diarrhea for up to 240 
minutes. Under the experimental conditions of 
the present study, the α2-adrenergic antagonist, 
yohimbine (YOM 5 mg/kg, s.c.), only blocked the 
antidiarrheal effect of the α2- adrenergic agonist 
clonidine (CLO 0.1 mg/kg, p.o.) after 240 minutes 
of inducing diarrhea with castor oil (Figure 2b). 
Considering the same interval, the previous 
administration of yohimbine did not reduce the 
antidiarrheal effect promoted by ECL at the dose 
1000 mg/kg, differently than what was shown for 
clonidine (Figure 2b).

INVOLVEMENT OF OPIOID RECEPTOR 
ACTIVATION IN THE ANTIDIARRHEAL EFFECT 
OF THE EXTRACT OF BARK FROM THE STEM OF 
Combretum leprosum IN A MODEL OF INTESTINAL 
HYPERMOTILITY INDUCED BY CASTOR OIL

In order to evaluate the involvement of the activation 
of opioid receptors on the antidiarrheal effect of the 
ECL, morphine was used as a positive control (MOR 

10 mg/kg, s.c.), administered before castor oil. In this 
experimental protocol, morphine abolished diarrhea 
completely 60 minutes after treatment with castor oil 
(Figure 3b), but not at the end of 120 minutes. Since 
not only the antidiarrheal effect of ECL at the dose 
of 500 mg/kg, but also that of morphine tends to be 
reversed at 120 minutes (Figure 3c), we decided to 
investigate if ECL exerted its antidiarrheal effect 
through the activation of opioid receptors. When 
treated beforehand with naloxone (NLX 2 mg/kg, 
s.c.), a powerful opioid antagonist, the inhibition 
of the antidiarrheal effect of ECL in mice was 
not observed for all tested doses, even though it 
completely antagonized morphine’s effect (Figure 
3b). Furthermore, no additional or synergistic 
antidiarrheal effect was detected by concomitant 
treatment with ECL and morphine. Curiously, the 
group of mice treated only with naloxone presented 
significantly more diarrhea during the first 30 
minutes after administration of castor oil (Figure 
3a). Another intriguing realization was that both the 
administration of ECL at the doses of 500, 750 and 
1000 mg/kg and morphine successfully inhibited the 
intensification of the diarrhea previously observed at 
30 minutes after the administration of castor oil and 
potentialized by naloxone (Figure 3a).

EFFECT OF THE EXTRACT OF BARK FROM THE 
STEM OF Combretum leprosum IN INTESTINAL FLUID 
ACCUMULATION 

Aiming to determine if the antidiarrheal effect 
of ECL was a result of an antisecretory activity 
of intestinal fluid, we conducted a misoprostol-
induced secretory test. As shown on Figure 4, oral 
administration of one antidiarrheal dose of ECL 
(750 mg/kg, p.o.) failed to inhibit the increase in 
fluid induced by misoprostol (MISO 100 µg/Kg, 
s.c.), whereas scopolamine (SCO 20 mg/Kg, p.o.) 
successfully reduced the accumulation of fluid 
under the same circumstances, from 3.27 ± 0.36 
(n=6) to 2.60 ± 0.28 (n=6), p < 0.05. Surprisingly, 
the sole administration of ECL significantly 
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Figure 1 - Mean number of liquid stools (diarrhea) induced by castor oil (CO) in mice groups (n = 
7-16 animals per group) treated orally with acute doses of ECL (250, 500, 750 and 1000 mg/Kg). The 
number of liquid stools was evaluated at 30, 60, 120 and 180 minutes after administration of CO (a-d 
panels). Distilled water was used as vehicle for ECL. The values are expressed as mean (bars) ± standard 
deviation (lines). ###p < 0.01, ##p < 0.05. Statistically significant in relation to distilled water group 
(Duncan’s Test). ***p < 0.01, **p < 0.02 and *p < 0.05. Statistically significant in relation to control group 
(Duncan’s Test). ++p < 0.01, +p < 0.05. Statistically significant in relation to ECL 250 group (Duncan’s 
Test).

increased stool content from 1.00 ± 0.20 g (n = 7) 
to 3.06 ± 0.34 g (n = 6), p ≤ 0.001. An isolated 
administration of scopolamine did not significantly 
alter intestinal content mass (1.67 ±  0.27 g; n=7).

EFFECT OF THE EXTRACT OF BARK FROM THE 
STEM OF Combretum leprosum IN ISOLATED RAT 
GASTRIC FUNDUS PREPARATIONS

Our study showed that the addition of ECL was not 
enough to reverse the sustained tonic contractions 
induced by carbachol (100 nM) or high potassium 
(KCl 40 mM). Nevertheless, atropine (ATR 100 
nM) and verapamil (VER 10 µM), successfully 
reversed the contractile responses induced by 

carbachol (CCh 100 nM) and high potassium (KCl 
40 mM), respectively (Figure 5).

DISCUSSION

The present study has demonstrated and 
characterized the effect of an aqueous suspension 
of the hydroalcoholic extract of bark from the 
plant Combretum lemprosum (ECL) on the 
inhibition of basal intestinal transit and castor oil 
induced diarrhea in mice. Other species from the 
Combretaceae family have already been reported 
to inhibit bowel transit, as well as diarrhea induced 
by castor oil, such as the aqueous extract from 
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the roots of the african plant Guiera senegalensis 
(Aniagu et al. 2005) and from fruit of the 
Chinese plant Terminalia chebula Retz (Sheng 
et al. 2016). However, distinctively from these 
extracts, which inhibit the fluid accumulation in 
the intestinal lumen induced by castor oil, as seen 
in enteropooling assays in rats, ECL did not alter 
misoprostol-induced fluid build-up. Thus, the 
antidiarrheal activity of ECL may result primarily 
from the modulation of intestinal motility instead 
of secretion.

One possibility that might explain the delay in 
intestinal transit time, as well as the antidiarrheal 
activity observed, is the hypothesis that active 
principles within ECL promote effects similar to 
those of atropine, hence, of a muscarinic receptor 
antagonist (Awouters et al. 1983). We observed that 
atropine reverted carbachol-induced contractions 
completely, whereas ECL failed to reverse these 
contractions in the rat gastric fundus strips. 
Therefore, it was discarded that ECL contains 

compounds similar to antimuscarinics. In fact, 
previous works have shown that ECL promotes 
potent and prolonged endothelial-mediated 
vasorelaxation of aortic arterial rings of several 
species of animals. This relaxation does not seem 
to happen through the activation of muscarinic 
receptors, given that atropine (0.1 μM) failed to 
reverse the relaxation promoted by ECL, but did 
reverse that caused by 1µM of acetylcholine (Alves 
Filho et al. 2015). The presence of compounds with 
effects similar to those of voltage-operated channel 
blockers can also be excluded due to the fact that 
the contractions induced by KCl were annulled by 
the addition of verapamil, but not ECL. 

Evidence shows that ATP-sensitive K+ channel 
activators, such as pinacidil and cromakalim, 
promote a delay of intestinal transit time and 
inhibit castor oil induced diarrhea in mice (Poggioli 
et al. 1995). Additionally, it has been asserted that 
in the longitudinal strips of rat gastric fundus, 
the contractions induced by acetylcholine, KCl, 

Figure 2 - Total number of liquid evacuation episodes after 240 min of castor oil (CO) treatment in the mice 
groups (n = 7-16 animals per group) previously treated orally with different acute doses of ECL at absence 
(a, ECL 250, 500, 750 and 1000 mg/Kg) and presence of YOM (b, ECL 1000 mg/Kg). Liquid stools episodes 
were counted during the whole period of 240 minutes after administration of CO. Distilled water was used 
as vehicle for ECL. The values are expressed as mean (bars) ± standard deviation (lines). CLO = clonidine 
and YOM = yohimbine. ###p <0.001. Statistically significant in relation to distilled water group (Duncan's 
Test). ***p < 0.001 and **p < 0.01. Statistically significant in relation to control group (Duncan's Test). ++p 
< 0.05. Statistically significant in relation to CLO group (Duncan's Test).
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serotonin and PGF2α were inhibited by pinacidil 
and/or cromakalim (Buharalioğlu and Akar 2002, 
Lefebvre and Horacek 1992). Given that we did 
not observe any relaxant effects related to ECL in 
these preparations, it’s unlikely that it acts as an 
ATP-sensitive K+ channel activator.

Recently, we have documented that 60% of 
ECL is composed by polyphenols, which react 
similarly to quercetin and gallic acid (Alves Filho 
et al. 2015). Some compounds have already been 
purified and isolated from the ethanolic extracts 
obtained from the roots, stem bark, leaves and 
flowers of Combretum leprosum and the possibility 
that one of these might mediate the antidiarrheal 
effect of ECL will be further discussed here.

Flavonoids are polyphenolic compounds 
capable of promoting antimotility and antidiarrheal 
effects in mice (Di Carlo et al. 1993). The following 
flavonoids have been isolated from Combretum 
leprosum: quercetrin and 3-O-methylquercetin, 
from the roots and leaves, 5,7,3’,4’-tetrahydroxy-
3-methoxyflavone, 5,3’,4’-trihydroxy-3,7-

Figure 3 - Mean number of liquid stools (diarrhea) induced by castor oil (CO) in the mice groups (n=7-16 
animals per group) treated orally with acute doses of ECL (500, 750 and 1000 mg/Kg) or morphine (MOR 
10 mg/kg, s.c.) plus naloxone (NLX 2 mg/Kg, s.c.). The numbers of the liquid stools were evaluated at 30 
(a) and 60 (b) minutes after administration of CO. Distilled water was used as vehicle for ECL. The values 
are expressed as mean (bars) ± standard deviation (lines). #p < 0.02. Statistically significant in relation to 
distilled water group (Duncan’s Test). ***p < 0.01, **p < 0.02 and *p < 0.05. Statistically significant in relation 
to NLX group (Duncan’s Test). +p < 0.05. Statistically significant in relation to MOR group (Duncan’s Test).

Figure 4 - Mean intestinal lumen content weight (g) in 
the mice groups (n=6-7 animals per group) treated acutely 
with misoprostol (MISO 100 µg/Kg, s.c.), misoprostol plus 
ECL 750 (MISO 100 µg/kg, s.c. + ECL 750 mg/Kg, p.o.), 
misoprostol plus scopolamine (MISO 100 µg/Kg s.c. + SCO 
20 mg/Kg, p.o.), and ECL 750 (ECL 750 mg/Kg, p.o.). 
Distilled water administered orally was used as the vehicle for 
both ECL and scopolamine. The values are expressed as mean 
(bars) ± standard deviation of the mean (lines). ***p < 0.001. 
Statistically significant in relation to vehicle (distilled water 
group) (Duncan’s Test). ##p < 0.05. Statistically significant in 
relation to MISO group (Duncan’s Test).
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Figure 5 - Representative isotonic recordings of the 3 experiments realized in the longitudinal strips isolated from smooth muscle 
of the rat stomach fundus. After stabilization period for 1 hour and contractile viability tests with high potassium (KCl, 40 mm), 
the muscle was contracted by carbachol (CCh, 100 nM) and ECL (300 µg/mL) was added.  Subsequently after 40-60 min of the 
washout (W), the preparation was contracted by high potassium (KCl, 40 mM) and ECL (300 µg/mL) again was added. ATR = 
atropine and VeR = verapamil.

dimethoxyflavone and 5,3’-dihydroxy-3,7,4’-
trimethoxyflavone, from the flowers and 
(-)-epicatechin from stem bark (Facundo et al. 
1993). Therefore, it can be suggested that a class 
of fl avonoid compounds could be responsible for 
the inhibitory eff ects of ECL on intestinal transit 
and therefore of its antidiarrheal eff ects. However, 
this possibility is contradicted by the fact that 
yohimbine antagonizes the antidiarrheal effects 
of some fl avonoids (Di Carlo et al. 1993), but not 
of eCl as shown in our experiments. Therefore, 
these evidences suggest that the antidiarrheal 
eff ect of ECL does not involve the activation of α2-
adrenergic receptors.  

Epicatechin has been isolated from the bark 
from Combretum leprosum and due to the fact 
that there is evidence that this compound bears 
the ability to inhibit bowel transit in mice, it’s 
reasonable to suggest that the inhibitory eff ect of 
eCl results from the presence of epicatechin in 
the Combretum leprosum extract. On the other 
hand, the inhibitory eff ect of epicatechin on bowel 
transit is inhibited by yohimbine and naloxone 

(Viswanathan et al. 1984), antagonists which, in 
our experiments, failed to inhibit the antidiarrheal 
eff ect of ECL, indicating that this eff ect does not 
involve direct activation of opioid receptors either.

Furthermore, fl avonoids exhibit antisecretory 
activity in rats subjected to the enteropooling 
test (di Carlo et al. 1993), whereas our results 
have shown that eCl causes elevation of the 
intestinal fl uid content, which suggests it promotes 
a stimulatory rather than an inhibitory effect 
on intestinal fluid secretion. This stimulatory 
effect might be explained by the fact that the 
same extract is composed by a large number of 
oligomeric procyanidins (E. Šehmehmedović et 
al., unpublished data), a subclass of polyphenolic 
compounds widely present in vegetable sources. 
There have been reports that the procyanidins from 
black bean peel (in concentrations from 0.6 to 
2.0 mg/ml) inhibit sodium, alanine and glucose 
absorption and stimulate chloride secretion in rat 
ileum segments (Silverstein et al. 1996), which 
might result in a global increase of liquid and 
electrolyte content in the intestinal lumen.
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 Interestingly, we observed that animals 
treated with naloxone presented an earlier onset 
(30 minutes) of the diarrheal effect caused by 
castor oil and that both ECL and morphine 
inhibited this outcome. This could indicate that 
in our experimental conditions, there has been 
a constitutive activation of opioid receptors in 
the bowel whose basal activation overlaps the 
antidiarrheal effects of the castor oil. Alternatively, 
naloxone might have exerted inverse agonist 
activity (Sadée et al. 2005), thus promoting 
the stimulation of neurons in the myenteric 
plexus (Cruz et al. 1996). This interpretation is 
corroborated by the fact that the castor oil induced 
diarrhea was observed after 60 minutes. A parallel 
can be drawn between the experimental results 
from the modulation of the opioid system in mice 
with Complete Freund’s Adjuvant (CFA)-induced 
hyperalgesia, in which model naloxone promotes 
a short-duration mechanical hyperalgesia (60 
minutes) after the cease of the initial hyperalgesia 
induced by CFA (Corder et al. 2013).

Triterpenes are another class of compounds 
isolated from parts of Combretum leprosum, 
among which are the pentacyclic terpenes, namely 
arjunolic acid, from the root and leaves, 3β,6β,16β-
trihydroxy-lup-20(29)-ene, from the roots, leaves 
and flowers, lupeol from stem bark. It is also 
composed of cycloartane triterpenes like mollic 
acid, isolated from the roots, leaves and flowers, 
4α-carboxy-3β,16α-dihydroxy-24-cycloartane and 
4α-carboxy-1α,3β-dihydroxy-25-trans-23(24)-
cycloartane, both of the latter isolated from the 
flowers (Facundo et al. 2008). In a clinical setting, 
the contribution of the effects of these compounds 
towards the antidiarrheal effect of the ECL could 
be hypothesized considering that: (1) Pentacyclic 
triterpenoids isolated from the stem bark of the 
Combretaceae Terminalia superba have been 
shown active against the bacteria Escherichia coli, 
Salmonella typhi and Shigella flexenari (Tabopda et 
al. 2009); (2) Escherichia spp., Salmonella spp and 

Shigella spp. are examples of the primary causes of 
traveller’s diarrhea (Steffen et al. 2015).

Furthermore, it has been reported that 
extracts from some African plant species from the 
Combretaceae family possess antimicrobial activity 
against pathogens that commonly cause infectious 
diarrhea (Escherichia coli) with minimal inhibitory 
concentrations between 0.1 and 6.0 mg/ml (Eloff et 
al. 2008). Despite the fact that, to our knowledge, 
there are no reports that the ECL combats the 
microorganisms that cause diarrhea; it is plausible 
that, in a clinical context in which the diarrhea is 
caused by bacteria, ECL could supposedly exert 
an antimicrobial activity in a synergistic manner 
towards the treatment of diarrhea.

This study has added another biologically 
relevant effect of a stem bark extract of the 
Combretum leprosum plant. The antidiarrheal 
activity of this extract was expected, given the 
classes of compounds that have already been 
isolated and described as components of Combretum 
leprosum, but the exact identity of these remains to 
be further investigated. Moreover, the mechanism 
through which ECL exerts an antidiarrheal effect 
seems not to result from antisecretory activity; 
instead, it appears to be related to inhibitory effects 
of the propulsive contractions involved in intestinal 
motility. Further studies are necessary to establish 
details about which parts of the small and large 
intestines present alteration in motility due to the 
extract of Combretum leprosum.
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