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Objective: To evaluate spasmolytic mechanisms of aqueous and methanolic extracts from
Distemonanthus benthamianus trunk-bark.
Methods: Spasmolytic activities of extracts were evaluated in vitro on spontaneous and
potassium chloride-induced jejunum contractions, or against cholinergic [acetylcholine (0.3
μmol/L)] stimulations. High performance liquid chromatography analysis of both extracts was
performed in reference to standard compounds.
Results: Extracts developed concentration-dependent inhibitory activities. The methanolic extract,
which revealed better activity, produced spasmolytic and myorelaxant effects at concentrations of
0.01-0.30 mg/mL with EC50 of 0.06 and 0.09 mg/mL (95% CI: 0.03-0.3 mg/mL), respectively. Its
anticholinergic effect was obtained at the same concentrations with EC50 of 0.11 mg/mL (95% CI:
0.03-0.3 mg/mL). Chromatograms showed the presence of gallic acid in both extracts, rutin being
only detected in the aqueous extract.
Conclusions: Distemonanthus benthamianus extracts exhibit verapamil and atropine-like
activities, thus highlighting calcium channels and muscarinic receptors blocking potentials,
which may be conveyed by some phenolic compounds. These results confirm the antidiarrheal
activity of Distemonanthus benthamianus extracts.
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1. Introduction
Diarrhea is an alteration of intestinal peristaltic movement,
characterized by an increase in volume, fluidity and stool frequency
greater than 3 times per day[1,2]. The classification of different
diarrhea types is essentially based on generally observed etiological
and pathophysiological mechanisms. Thus, secretory diarrhea
occurs when there is an electrolytes imbalance in the intestinal
lumen, leading to body fluids loss. When unabsorbed osmolytes
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concentration increases in the bowel, fluids loss turns chronic and
provokes excessive dehydration associated with hypermotility,
characteristics that determine osmotic diarrhea[3,4].
There is a variety of medications available with different
mechanisms of antidiarrheal action. Based on their chemical
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structure and their molecular targets, they are classified as

extract (3.39% yield). The methanolic extract was obtained by

antisecretory, adsorbents, motility inhibitors or combination

soaking and regularly stirring 950 g of the same stored powder in 5

drugs[5]. Although their beneficial effects, the main challenge faced

liters’ methanol for 72 h under ambient condition. Similar filtration

is the management of their side effects[6,7]. Medicinal plants are

method as previously described was performed, the resulting filtrate

empirically and popularly used as healing alternative, with large

was concentrated under reduced pressure (170 to 180 mbar) using

availability, lesser side effects and population acceptability[8].

a Rotary Evaporator at 40 曟. Crude methanolic extract (92.74 g;
9.76% yield) was collected and both extracts were stored at + 4 曟.

and Littoral regions of Cameroon. Its bark is traditionally used

2.3. Animals

Distemonanthus benthamianus (D. benthamianus) (Caesalpiniaceae)
is a plant found in the tropical regions of West Africa; Western
for the treatment of gastrointestinal and uro-genital infections,
hematological disorders, dermatitis, pain and tumors[9,10]. Previous

Twenty male BALB/c mice (24-30 g) were purchased from the

studies showed that flavonoids, sterols, triterpenes and alkaloids

National Health Institute, Islamabad, Pakistan. Prior to experiments,

contents of D. benthamianus bark extract may determine its
bactericidal activity[9,11,12]. Results obtained from same project

they were fed with a standard formulated rodents’ pellets with free water

have shown the antidiarrheal, cytokines inhibitory and epithelial

access and acclimatized under ambient conditions (20-25 曟, normal
light/dark cycle) in the animal house of the Department of Pharmacy,

regenerative effects of the aqueous and methanolic extracts in vivo.
However, no scientific reports revealed the mechanisms that explain

COMSATS University Islamabad, Abbottabad Campus, Pakistan.

the antidiarrheal activity of the plants’ trunk-bark. Therefore, this

experimental protocols involving animals and delivered an ethical

study was aimed to evaluate the calcium channels blockade and

clearance no Phm.Eth/FA17-CS-M10/18-010-72, according to U.K.

anticholinergic efficiencies of the aqueous and methanolic extracts

Animals (Scientific Procedures) Act, 1986 guidelines and EU Directive

from D. benthamianus trunk-bark.

2010/63/EU for animal experiment.

2. Materials and methods

2.4. High performance liquid chromatography fingerprint
analysis (HPLC)

2.1. Chemicals

Research Ethics Committee, Department of Pharmacy, approved

A Shimadzu Prominence preparative LC-20AP system (Shimadzu
Corporation, Kyoto, Japan) was used to conduct the HPLC analysis

Potassium chloride (KCl) was purchased from Riedelde Haen

of both trunk-bark extracts. The system was equipped with a

(Seezle, Germany). Dimethyl sulfoxide, Tween 80, atropine sulphate

Shimadzu HPLC quaternary pump, a Shim-Pack GIST C18 (150
mm 伊 4.6 mm i.d., 5 μm) column and a SPD- 20AV prominence UV/

and verapamil chlorhydrate were from Sigma-Aldrich (St. Louis,
MO63103 USA). Chloroform, methyl alcohol and sodium chloride

VIS detector. Samples were prepared by dissolving 5 mg extracts in

were obtained from Daejung Chemicals and Metals Co., Ltd

5 mL HPLC grade methanol and filtered (0.45 μm millipore filter)

(Gyeonggi-do, Korea). Gallic acid monohydrate was obtained from

before injections. Three mobile phases made of 1% acetic acid in

Sharlau Ltd (Sentmenat, Spain); quercetin dehydrate (97.0%) and

deionized water (A) and acetonitrile (B), as well as methanol (C),

acetylcholine chlorhydrate were gotten from Alfa Aesar (Kandel,

were supplied at a flow rate of 0.6 mL/min. Samples were injected at

Germany) and rutin trihydrate (≥95.0%) was from Solarbio Science

a volume of 20 μL, using an injection loop (Rheodyne, Cotati, CA,

and Technology Co., Ltd (Beijing, China). Calcium chloride

USA) and separated with the column (20-25 曟). UV detection was

dihydrate (CaCl2•2H2O) was purchased from E. Merck (Darmstadt,

carried out at 254 nm. Gallic acid, quercetin and rutin were standard

Germany).

compounds and samples were run within 40-55 min.

2.2. Plant collection and extraction

2.5. Preparation of jejunum fragments

The trunk-bark of D. benthamianus was collected in April 2014
(Souza Village, Littoral Region, Cameroon). Identification was

chloroform. The abdominal cavity was opened, and jejunum

conducted at Institute of Medical Research and Medicinal Plant

fragments (2-3 cm) were removed from the mesenteries and

Studies (IMPM) in Yaoundé, Cameroon. Sample was registered

previously oxygenated in Tyrode solution (in mmol/L; 37 曟):
sodium chloride 136.9; KCl 2.7; MgCl2 1.1; NaH2PO4 0.4; C6H12O6

under voucher number TN 275. Trunk-bark was shade dried,

Male mice, fasted for 18 h, were weighed and anesthetized with

powdered and hermetically kept until extraction. Aqueous extraction

5.6; NaHCO3 11.9 et CaCl2 1.8; (pH 7.4). Fragments were further

was performed by macerating 500 g of powder in distilled water

mounted in an isolated organ tissue bath containing the same

(1.9 liters) within 48 h at 20-25 曟, with regular stirring. Filtrations

physiological solution at 37 曟, permanently aerated with carbogen
(95% O2, 5% CO2). A preload (1 g) was applied on each fragment

were successively conducted with nº3 and nº2 filter papers, the

obtained filtrate was oven-dried (45 曟), giving 16.94 g of aqueous

and spontaneous contractions were recorded with an isotonic
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transducer (TRI201 AD, 2310016) coupled to a system PowerLab
amplifier (AD Instruments, ML 846, Sydney, Australia). It was

2.6. Spasmolytic activity and KCl-induced calcium channels
opening

connected to a computer equipped with graphics software (version
5.3). Organs were equilibrated within 30 min prior to addition of any

The spasmolytic activity was directly evaluated by cumulative

test substances. Therefore, they were stimulated with 0.3 μmol/L

addition of extracts concentrations (3, 30 and 300 mg/mL stock

acetylcholine (ACh) to obtain responses considered as control. Tissue

solutions), or verapamil (10-3 to 10-6 mg/mL stock solutions) used as

was stable when isotonic contractile responses were recorded. These

standard. However, myorelaxant effect was performed on jejunum

experimental conditions made it possible to evaluate the spasmolytic

fragments pre-contracted with a sub-maximal concentration of K+

and myorelaxant activities of the extracts in absence of any agonist[13].

(80 mmol/L). Cumulative concentrations of each test substance
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Figure 1. HPLC chromatograms of the aqueous (B) and methanolic (C) trunk-bark extracts of Distemonanthus benthamianus. Peaks of identified compounds
are shown, in comparison with standard peaks (A) of gallic acid, rutin and quercetin.
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2.8. Statistical analysis

were then added as a plateau was observed. Inhibition percentages
were calculated from the recorded contraction load (g) in presence
of different extracts and verapamil, relative to control contractions
considered as 100%.

All data were expressed where applicable as mean ± standard error
of mean (SEM). ANOVA two-way and Bonferroni post-test were
used for statistical comparison. The software Graphpad prism 5.03
(GraphPad Software, Inc., San Diego, California, USA) allowed
data calculations, analysis and graphing. Data were determined
statistically significant at P<0.05.

2.7. ACh antagonism activity
This experiment was performed on jejunum fragments previously
isolated, prepared and mounted as described above. The antagonistic
effects were evaluated by priorly incubating the jejunum fragments for
10-15 min, with individual concentrations of each extract or atropine
used as standard substance. ACh (0.3 μmol/L) was added into the bath
following each incubation and the contraction amplitude was recorded.
Inhibition percentages were calculated from the contraction load (g)
recorded with ACh (0.3 μmol/L), after pre-incubation of fragments
with independent concentrations of extracts and atropine (antagonists),
compared to control contractions considered as 100% according
to the method of Gilani et al[14] with modifications. For each test,
concentration-response curves were plotted and the median effective
concentration (EC50) was determined.

A

Negative control (DW)
Negative control (DW)

3. Results
3.1. HPLC fingerprint
Chromatograms of aqueous and methanolic extracts of D.
benthamianus trunk-bark and that of standard compounds are
presented in Figure 1. When comparing the peaks of the aqueous
(Figure 1B) and methanolic (Figure 1C) extracts with those of
standard compounds (Figure 1A), gallic acid was identified in both
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Figure 2. Original tracings showing spontaneous contractions (A, E), KCl-induced contractions (B, F), spasmolytic (C, G) and myorelaxant (D, H) effects of
cumulative concentrations of aqueous (DbEA) and methanolic (DbEM) extract of Distemonanthus benthamianus on isolated mice jejunum preparation (n = 5);
DW: deionized water; TD 8 %: Tween-dimethyl sulfoxide (8%).
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Figure 3. Inhibitory effects of (A) aqueous (DbEA) and (B) methanolic (DbEM) extracts, and (C) verapamil on spontaneous and KCl-induced contractions of
isolated mice jejunum preparation. Values shown are mean ± SEM (n = 5). *P<0.05; ***P<0.001: significant differences vs. K+ (80 mmol/L).
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Figure 4. Original tracings showing (A) ACh (0.3 µmol/L)-stimulated high amplitude contractions and (B, C) antagonistic effects of cumulative concentrations
of aqueous (DbEA) and methanolic extracts (DbEM) on isolated mice jejunum preparation (n = 5).
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extracts at similar retention times (RT) compared to that of standard
(RT = 6.895 min). It was detected in the highest concentration in the
aqueous extract at RT = 6.854 min than in the methanolic extract
(RT = 6.443 min). However, rutin was only identified in the aqueous
extract (RT = 22.666 min). Many other unidentified compounds
were also found.

3.2. Spasmolytic and calcium-channels blocking activities
No spasmolytic or myorelaxant activity was recorded with the
different vehicles on jejunum preparations (Figures 2A, 2B and 2E, 2F).
However, a concentration-dependent inhibitory effect was observed with
both extracts. Thus, from 0.01 to 1 mg/mL of aqueous extract, an activity
was detected with EC50 of 0.09 mg/mL (95% CI: 0.03-1 mg/mL) and of
0.21 mg/mL (95% CI: 0.1-1 mg/mL), respectively on spontaneous and
KCl-induced contractions (Figures 2C, 2D; Figure 3A). The methanolic
extract also produced spasmolytic and myorelaxant (Figures 2G, 2H;
Figure 3B) effects at the concentrations ranging from 0.01 to 0.3 mg/mL
and with EC50 of 0.06 and of 0.09 mg/mL (95% CI: 0.03-0.3 mg/mL),
respectively. Extracts had verapamil-like activities.

3.3. Anticholinergic activities
Synchronic and isotonic contractions were obtained after
stimulation of jejunum fragments with ACh (0.3 μmol/L) (Figure
4A). However, when the organ was incubated with cumulative
concentrations of both extracts and atropine, a concentrationdependent inhibitory effect was obtained (Figure 5). The aqueous
extract exhibited anticholinergic effect at the concentrations ranging
between 0.01 and 1 mg/mL (Figure 4B), with EC50 of 0.32 mg/mL
(95% CI: 0.1-1 mg/mL). Similar effects were obtained with 0.01 to
0.3 mg/mL of methanolic extract (Figure 4C); EC50 of 0.11 mg/mL
(95% CI: 0.03-0.3 mg/mL). Extracts possessed greater activities than
0.003 to 3 μmol/L of standard atropine with the methanolic extract
being the most active.

100

%/ Control

75

50

25

Control-ACh (0.3 μmol/L)
Atropine (μmol/L) + ACh
DbEA (mg/mL) + ACh
DbEM (mg/mL) + ACh

0
0.003

0.01

0.03

0.1

0.3

1

3

Concentration

Figure 5. Concentration-dependent antagonistic effects of aqueous
(DbEA) and methanolic (DbEM) extracts, and atropine on ACh-stimulated
contractions of mice jejunum preparation. Values are mean ± SEM (n = 5).
P<0.05;

*

P<0.001: significant differences vs. ACh (0.3 µmol/L).

***

4. Discussion
D. benthamianus is found in Cameroon, where its bark is traditionally
used to treat diarrhea. Previous study also reported that the plant material
is used to treat hematological disorders, dermatitis, urogenital infections
and gastric ulcers[15,10]. Adult patients suffering from diarrhea are
recommended by Cameroonian practitioners to absorb 21 g of trunk bark
powder in one cup of water within 3 d. In reference to that preparation,
approximately equivalent to 300 mg/kg, the concentrations used in this
study were selected. Results obtained in the same project showed that the
aqueous and methanolic extracts of D. benthamianus have interestingly
inhibited intestinal motility and stools’ frequency in diarrheic rats, which
suggested that extracts may have a tendency to further regulate intestinal
smooth muscle functionality. Thus, the current study was undertaken in
vitro, to determine the action mechanisms explaining the spasmolytic
effects of extracts on isolated jejunum fragments.
It has been shown that when plant extracts are able to inhibit
spontaneous rhythmic contractions of an isolated jejunum fragment,
this would indicate that they possess spasmolytic activity[16]. But,
since several pathways are involved, it is then necessary to look for
the different mechanisms that can explain the activity. This could
be performed through an evaluation of calcium channels inhibitory
effects, potassium channels opening stimulatory effects, or evaluation
of antimuscarinic activities[17]. Smooth muscles contraction depends on
free cytoplasmic calcium, which promotes the activation of contractile
elements of smooth muscle cells. Thus, an intracellular increase in
free calcium would occur as a result of the L-type calcium channels
opening, or the release from calcium stored in the sarcoplasmic
reticulum[18,19]. It is known that high concentrations of extracellular
potassium (K+) induces smooth muscles contractions, by activating
L-type calcium channels opening, thus causing extracellular calcium
influx, followed by an activation of contractile elements[20,21].
The concentration-dependent myorelaxant activity obtained with
extracts on KCl-induced sustained contractions clearly shows that they
inhibited the L-type calcium channels, thus preventing calcium influx.
Additionally, these myorelaxant effects were comparable to those
expressed by verapamil, a known calcium channel inhibitor[22].
Moreover, ACh is a neurotransmitter released by the parasympathetic
and intrinsic neurons of the enteric nervous system. This molecule, by
binding to cholinergic receptors is able to transmit activation signals to
the contractile elements in the intestinal wall[23]. Extracts antagonized
the stimulatory effects of ACh (0.3 μmol/L) in an atropine-like manner,
thus making it possible to confirm that in addition to inhibit the voltagedependent calcium channels, they possessed an affinity with cholinergic
receptors, specifically the M3 muscarinic receptors, which would have
potentiated the spasmolytic activity[24].
HPLC chromatograms revealed the presence of gallic acid in both
extracts, but at low concentration in the methanolic extract. Previous
studies have shown that gallic acid can mediate antidiarrheal activity
in rats[25]. Therefore, the calcium channels blocking or anticholinergic
activities produced by extracts may be attributed to their gallic acid
content and/or the different compounds detected.
In conclusion, this study highlights that aqueous and methanolic
extracts from D. benthamianus have spasmolytic and myorelaxant
activities. These potentials are mediated through voltage-dependent
calcium channels blockade and muscarinic receptors inhibition. Gallic
acid and many other identified compounds may be responsible for the
observed activities. D. benthamianus extracts can therefore be considered
for further translational research.
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