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Background: Gastrointestinal disorders are often poorly managed, especially in developing

countries, where there are limited resources and therapeutic options. Despite the rich

diversity of medicinal plants that offer effective treatment options with fewer side effects,

studies that provide scientific verification are lacking. Maerua subcordata (Gilg) DeWolf is

among the plants claimed to have wide traditional medicine, use, including as a remedy

against gastrointestinal problems. Therefore, this work aimed to evaluate the gut-modulatory

effects of a crude leaf extract of M. subcordata (MSL.Cr), as well as its possible mechanism

of action.

Methods: A castor oil (10 mL/kg)–induced diarrheal mouse model was used to evaluate the

antidiarrheal effect of MSL.Cr, and the spasmodic/antispasmodic effect of the extract was

assessed using isolated rabbit jejunum with and without addition of standard cholinergic

agonists/antagonists to predict the possible mechanism of action.

Results: MSL.Cr exhibited 40%and 80%protection against castor oil–induced diarrhea inmice at

doses of 500 and 1,000 mg/kg, respectively. In isolated rabbit jejunum, the extract increased

spontaneous contractions at low doses (0.01–0.1 mg/mL), and was sensitive to atropine, whereas

it showed complete inhibition at higher doses (0.3–1 mg/mL). It was shown that the relaxant effect

was possiblymediated by the involvement of phosphodiesterase-enzyme inhibition andK+-channel

activation. The extract potentiated the control concentration–response curve of carbachol, shifting it

to the left, similarly to the control drug papaverine. The potassium-channel opening–like activity of

MSL.Cr was possibly mediated by the involvement of aspecific K+-channels inhibition, since

tetraethylammonium, anunselective antagonist of K+ channels, significantly reversed its inhibitory

effect.

Conclusion: This study showed that the M. subcordata leaf extract demonstrated gut-

modulatory effects, possibly mediated by a combination of muscarinic-receptor stimulation,

phosphodiesterase inhibition, and aspecific K+-channel activation.

Keywords: Maeruaa subcordata, constipation, diarrhea, phosphodiesterase inhibition, K+

channel activation

Introduction
In the developing world, gastrointestinal (GI) diseases often cause substantial

morbidity and mortality. Since countries of the developing world have limited

resources and therapeutic options, diarrhea and/or constipation are usually not

properly managed and tend to be chronic, requiring lifelong treatment. For instance,

one such chronic diseases of the gut is irritable bowel syndrome, which has

alternating diarrhea and/or constipation events.1 The treatment protocols for chronic

GI diseases are lifelong, which often raises major compliance issues, with patients

needing to follow on different combinations of medications, ranging from
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antidiarrheals (eg, loperamide) and/or laxatives (eg,

lactulose), to antispasmodic agents (eg, mebeverine

hydrochloride).2 This situation not only accounts for cost

issues but also side effects of such medications, resulting

in noncompliance problems. For this reason, a large per-

centage of the human population has now reverted to the

use of medicinal plants for treatment of such ailments.3

Plant extracts are known to contain multiple constituents

that offer disease-modifying effects and sideeffect–neutra-

lizing potential,4 yet few natural products enter clinical

trials, owing to their lack of pharmacological validation.

As such, in order to achieve maximum benefits for patients

and the community, traditional and modern therapeutic

skills should work in a complementary manner.5 This

could be achieved by combining rich traditional knowl-

edge about natural products with sound pharmacological

studies, which would lead to enrichment of the library of

natural products and hence predict potential new candi-

dates for the management of chronic diseases. Among

medicinal plants, many Maerua (Capparaceae/

Capparidaceae spp. are well known for their ethnomedic-

inal use as herbal medicines to manage various GI disor-

ders. To mention some, M. angolensis (bark, leaf, root) is

used as a purgative and a remedy for stomachache, diar-

rhea, and vomiting,6−8 M. calophylla (bark, leaf, root)

drunk to treat stomach ache and diarrhea;9 M. crassifolia

(leaf) used in African traditional medicine for the manage-

ment of various GI disorders,10−13 M. oblongifolia (bark,

root, leaves, and whole) for such disease conditions as

stomachache, colic pain, severe abdominal cramps, and

hookworm,14,15 M. sessiliflora (bark)against intestinal

worms and tapeworm,16 and M. triphylla (leaf) to treat

gastric disease.17 Likewise, M. subcordata (Gilg) DeWolf

has wide traditional medicinal claims, including such GI

problems as abdominal disturbances (nausea, vomiting,

and diarrhea) and swelling (distended abdomen).18,19

However, scientific verification of these traditional claims,

including antispasmodic and antidiarrheal activities, is

lacking. Therefore, this study aimed to evaluate the gut-

modulatory effects of the leaf extract of M. subcordata.

Methods
Plant Material
M. subcordata leaves were collected from around Shiraro

(14.3970° N, 37.7743° E), northwest Tigray, northern

Ethiopia. The plant was authenticated by Melaku

Wendafrash in the National Herbarium, Department of

Biology, Addis Ababa University, where a voucher speci-

men (MG001/2007) was deposited.

Drugs
Acetylcholine chloride, atropine sulfate, loperamide hydro-

chloride, carbachol (CCh), papaverine, verapamil hydro-

chloride, glibenclamide (Gb), tetraethylammonium (TEA),

and potassium chloride were procured from Sigma-Aldrich

and castor oil from a local pharmacy (Karachi

Chemical Industries, Pakistan). Isoflurane injection

(Abbott Pharmaceuticals) was procured from a local phar-

macy. Composition of the physiological solution was done

according to the method described by Rehman et al.20

Plant Extract
A 70% ethanol crude extract was prepared from dried and

powdered leaves of M. subcordata using maceration

extraction three times, each for 72 hours at room tempera-

ture in the Department of Pharmacognosy, School of

Pharmacy, Mekelle University. The extracts were filtered,

combined, concentrated, and dried in an oven at 40°C.

Dried extracts were then stored in a refrigerator in vials

until used.

Animals
Albino mice (BALB/c) weighing 20–25 g and locally bred

New Zealand rabbits (aged 6–7 months and weighing

1–1.5 kg) of either sex were kept at the animal house of

Barrett Hodgson University under a controlled environ-

ment (23°C–25°C). Swiss albino mice were obtained

from the Laboratory of Pharmacology and Toxicology,

College of Health Sciences, Mekelle University and used

for acute-toxicity studies. Animals were kept in their

respective cages with sawdust (changed every 48 hours)

and fasted for 24 hours before starting the experiment.

They were routinely given tap water ad libitum and a

standard diet. Experiments were performed as per the

rulings of the Institute of Laboratory Animal Resources,

Commission on Life Sciences, National Research

Council.21–23 The study was approved by the ethical

review committee of Barrett Hodgson University (BR-

ER/Pharmacy-001/2020/PI-Dr Amber Hanif Palla).

Acute-Toxicity Studies
The limit-test principle of the Organization for Economic

Cooperation and Development guideline 425 was followed

to carry out acute-toxicity studies using five female Swiss

albino mice (nulliparous, not pregnant) of 6–8 weeks’
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age.24 On the first day of the experiment, a single female

mouse that had been fasted for 4 hours but with water ad

libitum was orally administered 2,000 mg/kg of the

extract. The mouse was kept under strict observation for

any behavioral or physical changes within the 24 hours.

After 24 hours, the other four female mice were treated in

the same manner. The mice were observed for 14 days for

any mortality, diarrhea, gross behavioral changes like loss

of appetite, lacrimation, tremors, and hair erection, and

other signs of toxicity.24

In Vivo Antidiarrheal Activity
Diarrhea was induced in BALB/c albino mice by castor oil

as per the procedure described by Rehman et al.20 Briefly,

mice fasted for 24 hours were divided into four groups of

five each. Mice in the negative-control group received

saline (10 mL/kg orally) using oral gavage while mice in

the second and third groups received 500 and 1,000 mg/kg

orally of MSL.Cr, respectively. The fourth group served as

the positive-control group, and received loperamide

(10 mg/kg orally). After an hour, all mice were orally

exposed to castor oil (10 mL/kg), and 4 hours after cas-

tor-oil administration, their assigned cages were inspected

for diarrhea spots.

In Vitro Experiments
To support the in vivo antidiarrheal experiment, the in

vitro effect of MSL.Cr was also tested using isolated rabbit

jejunum. To prepare jejunal tissue, a previously described

method20 was followed. Briefly, after anestheia with iso-

flurane followed by cervical dislocation,approximately

2 cm jejunal tissue was suspended in tissue baths with

Tyrode’s solution at 37°C and bubbled with carbogen

(95% O2 and 5% CO2). After 30 minutes’ incubation of

the tissue, increasing doses of MSL.Cr were added to the

organ bath to observe any spasmogenic/spasmolytic effect.

Usually, plant extracts exhibit gut-stimulatory activity by

cholinergic-like actions20 and gut-inhibitory effects by a

Ca2+ channel–blocker (CCB) effect,25 phosphodiesterase

(PDE) inhibition,26 and/or K+-channel activation.26 To

determine whether MSL.Cr also possessed such mechan-

ism(s), low K+ (25 mM)–, high K+ (80 mM)–, and CCh-

induced spasms were produced in the tissue and corre-

sponding effects of the different doses of MSL.Cr on

relaxation concentration–response curves (CRCs)

obtained.27–30

Statistical Analysis
Data are presented as means ± SEM. EC50 values are

presented as medians with 95% CIs. CRCs were analysed

using nonlinear regression and x2-tests for comparison of

antidiarrheal assays. Statistical analysis was performed

using GraphPad Prism 8.

Results
Acute Oral–Toxicity Study
A single-dose (2 g/kg) oral administration of of MSL.Cr to

female Swiss albino mice had not caused any signs of

toxicity during the 14 observation days, and hence it was

considered safe to do further experiments.

Effect of M. subcordata Extract on Castor

Oil–Induced Diarrhea in Mice
Table 1 shows dose-dependent protection (40% and 80%)

from castor oil–induced diarrhea in mice treated with

MSL.Cr 500 and 1,000 mg/kg, respectively. The control

(saline group) did not show any protection. Loperamide

10 mg/kg, used as positive control, exhibited 100% pro-

tection (Table 1).

Effect of M. subcordata Extract on Isolated

Rabbit Jejunum
At lower doses (0.01–0.1 mg/mL), the crude extract dose-

dependently increased the baseline contractions of isolated

jejunal preparations, reaching a maximum of 178.5±6.5 at

0.1 mg/mL increase compared to the control group,

whereas at higher doses (0.3 and 1 mg/mL) it showed an

inhibitory effect. These results show a biphasic response of

a stimulatory effect at lower doses and an inhibitory effect

at higher doses. As shown in Figure 1, pretreatment of

jejunal preparations with 0.1 µM atropine completely

inhibited the stimulatory effect, whereas the inhibitory

effect was potentiated (0.3 mg/mL) compared to

Table 1 Antidiarrheal Activity of Crude Extract of Maerua
Subcordata Leaves (MSL.Cr) in Mice with Castor Oil (10 mL/kg)–

Induced Diarrhea

Treatment (Oral) Dose (mg/kg) Mice with

Diarrhea

%

Protection

Saline (10 mL/kg) + castor oil 5/5 0

MSL.Cr (500 mg/kg) + castor oil 3/5a 40

MSL.Cr (1,000 mg/kg) + castor oil 1/5a 80

Loperamide(10 mg/kg) + castor oil 0/5 b 100

aNote: aP<0.05 and bP<0.01 vs saline + castor oil–treated group (χ2-test).
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nonatropinized preparations (1 mg/mL). At higher doses

(0.3 and 1 mg/mL), MSL.Cr inhibited the rhythmic con-

tractions of rabbit jejunum, thus exhibiting an antispasmo-

dic effect. When tested against high K+ (80 mM)–induced

contractions, MSL.Cr showed a partial inhibitory effect,

whereas it completely reversed the CCh (1 µM)- and low

K+ (25 mM)–induced contractions (Figure 2A) at compar-

able concentrations, with resultant EC50 of 0.42 mg/mL

and 0.56 mg/mL, respectively. Verapamil, used as

a positive-control drug, was found to be more potent

against low and high K+–induced contractions, with

respective EC50 values of 0.07 µM and 0.06 µM, com-

pared to CCh-induced contractions (Figure 2B), with an

EC50 of 0.44 µM. In PDE-inhibitory experiments, pretreat-

ment of jejunal tissue with MSL.Cr 0.01–0.03 mg/mL

deflected the isoprenaline-mediated relaxation CRCs to

the left (Figure 3A), similarly to the pattern in papaverine

(1–3 µM, Figure 3B), but no such potentiation was

observed with verapamil (Figure 3C). After the selective

efficacy against low K+– compared to the partial inhibitory

effect against high K+–induced contractions had been

observed, MSL.Cr inhibitory CRCs against low K+ were

reproduced using jejunal tissue pretreated with Gb (10

µM) and TEA (10 mM). Interestingly, the inhibitory effect

of MSL.Cr was significantly (P<0.05) reversed in the

presence of TEA, thus confirming the involvement of

aspecific K+-channel activation (Figure 4).

Discussion
Keeping the view that plants belonging to the genus

Maerua have had many reports related to their medicinal

uses for the management of GI disorders,6,31,32 this study

0.003 0.03 0.3
0

50

100

150

200

MSL.Cr (mg/mL)

Spontaneous

Spontaneous +
Atropine (0.1 M)μ

%
of

C
on

tr
ol

1

Figure 1 Effects of a crude extract of Maerua subcordata leaves (MSL.Cr) on the

contraction of isolated rabbit jejunal preparations, both in the absence (■) and

presence (▲) of atropine (0.1 µM). Results presented as percentage change com-

pared to control and data as means ± SEM from four to five determinations.
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Figure 2 Concentration–response curves showing the inhibitory effect of a crude extract of Maerua subcordata leaves (MSL.Cr) (A) and verapamil (B), against carbachol
(CCh 1 µM), low (25 mM), and high (80 mM) K+-induced contractions in isolated rabbit jejunal preparations. Results presented as percentage change compared to control

and data as means ± SEM, n=3–5.
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tested the antidiarrheal effect of a hydroalcoholic extract

of M. subcordata leaves using castor oil–induced diarrhea

in mice. Also, the effect of the extract on the nature

of spasmogenic/spasmolytic effects was assessed using

isolated rabbit jejunal preparations. The crude extract

(MSL.Cr) protected the mice against castor oil–induced

diarrhea at 500 and 1,000 mg/kg, similarl to loperamide,

a standard antidiarrheal drug,33 which showed 100%

protection, whereas the saline-treated group did not show

any protection. It has been shown that castor oil causes

a significant increase in intestinal fluid contents and pro-

motes diarrhea through ricinoleic acid, the active constitu-

ent formed by hydrolysis of the oil components.

Ultimately, it alters the electrolytes and water transport,

eliciting massive contractions in transverse and distal seg-

ments of the colon. As such, any test material that exhibits
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Figure 3 Inhibitory concentration–response curves of isoprenaline against carbachol-induced contractions in the absence and presence of different concentrations of a

crude extract of Maerua subcordata leaves (MSL.Cr) (A), papaverine (B), and verapamil (C) in isolated rabbit jejunum preparations. Values shown as means ± SEM from four

to five determinations.
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inhibitory effects against castor oil–induced diarrhea is

considered to possess marked antidiarrheal activity.34–36

M. subcordata appears to possess marked antidiarrheal

effects, which could be due to the possible presence of

gut-relaxant constituent(s). In line with our findings,

Akuodor et al12 reported antidiarrheal effects of the metha-

nol-leaf extract of a similar species, M. crassifolia, with a

proposed mechanism of action linked partly to direct inhi-

bitory effects on the propulsive movement of GI-tract

smooth muscle.12

Further tests that were intended to explain the possible

mechanism(s) interestingly show that the plant extract

showed biphasic effects: at lower doses (0.01–0.1 mg/mL),

the extract demonstrated a stimulant effect on the basal con-

tractions of spontaneously contracting rabbit jejuna, followed

by antispasmodic effect at higher doses (0.3–1 mg/mL). To

understand the mechanism of spasmogenic effects observed

at lower doses, the preparations were pretreated with atro-

pine, an antimuscarinic drug,37 and the effect of the extract

was reproduced. Interestingly, the stimulant effect of the

extract at lower doses was abolished by atropine, implying

the possible presence of components in the extract with an

acetylcholine-like effect. Previous reports have shown that

quaternary ammonium compounds, including tetramethy-

lammonium (TMA), 3-hydroxyl-1,1-dimethylpyrrolidiniurn,

glycinebetaine, proline betaine (stachydrine), proline betaine

ethyl ester, 3-hydroxyprolinebetaine (3-hydroxy-stachy-

drine), choline, and feruloyl choline, were identified in dif-

ferent Maerua spp., including M. subcordata.38,39 Also, it

was shown that acetylcholine, TMA, and related quaternary

ammonium compounds acted on muscarinic receptors in the

intestinal smooth muscle and that TMA exhibited a biphasic

effect. Contractions caused by TMA in the presence of

hyoscine have been suggested to be probably due to

“rebound contractions”.40 Therefore, TMA and related com-

poundsmay contribute at least partly to the observed effect of

MSL.Cr.

Likewise, to further understand the possible mechan-

ism(s) of the antispasmodic effect observed at higher

doses, contractions were induced in the jejunal prepara-

tions by different spasmogens. The plant extract showed

similar potency for its inhibitory effect against CCh and

low K+–induced contractions, thus showing PDE-inhibi-

tory and K+-channel opening–like activities,41 whereas

partial inhibition was seen against high K+–induced con-

tractions, implying weak involvement of Ca2+-channel

inhibition, as concentrations of K+ >30 mM, regarded as

high K+, are known to cause smooth-muscle contractions

through opening of voltage-dependent Ca2+ channels.36,41

On the other hand, verapamil, a standard CCB,41 inhibited

spasms mediated by K+ at distinctly lower concentrations,

as expected from typical CCBs.28 The inhibitory actions of

the plant extract on the PDE enzyme was confirmed by the

observation that pretreatment of jejunal tissue with

the extract shifted the inhibitory CRCs of isoprenaline to

the left, similarly to papaverine, a known inhibitor of

PDE41 that produces spasmolytic effects through increased

cAMP as a result of PDE inhibition,43,44 while verapamil

did not affect the isoprenaline curves, as was expected

from a standard Ca2+ antagonist.41

Since the plant extract was selectively more potent

against low K+ (<30 mM), further experiments were con-

ducted to know the nature of K+ channels. Interestingly,

the plant extract’s inhibitory effect against low K+ was

reversed in tissue pre-treated with TEA,an unselective

antagonist of K+ channels,30 indicating the activation of

aspecific K+-channels as additional antispasmodic activity,

whereas no effect was observed in the presence of Gb, an

ATP-dependent K+-channel opener.45 Indeed, it has been

identified that K+-channel openers show a range of poten-

tial therapeutic uses, including GI spasms, asthma, hyper-

tension, and urinary incontinence.46,47 These compounds

open K+ channels and cause membrane hyperpolarization

0.003 0.03 0.3 3
0

25

50

75

100

MSL.Cr (mg/mL)

K+ (25 mM) +
Gb (10 mM)

K+ (25 mM) +
TEA (10 mM)

K+ (25 mM)%
of

C
on

tr
ol

10

Figure 4 Concentration–response curves showing inhibitory effect of a crude

extract of leaves of Maerua subcordata (MSL.Cr) against low K+ (25 mM)–induced

contractions in the absence and presence of pretreated preparations with Gb (10

µM) and TEA (10 mM) in isolated rabbit jejunal preparations. Values shown as

means ± SEM, n=3–5.
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through the increase in K+ efflux, thus causing a decrease

in intracellular free Ca2+, leading to smooth-muscle

relaxation.30,48,49

The importance of the therapeutic potential of PDE

inhibitors, K+-channel openers, and CCBs in diarrhea

and hypermotility-related gut disorders have been reported

by several researchers.33,46,47,50,51 However, mono-drug

therapy with PDE inhibitors will have some limitations,

as they are known to cause cardiac stimulation.52 The

combination of K+-channel activation and weak CCBs

with PDE inhibitor(s) in M. subcordata might offset the

cardiac stimulation associated with PDE inhibitors, as both

K+-channel openers and CCBs are cardiosuppressants.53

Conclusion
The findings of this study indicate that the crude extract of

M. subcordata leaves possesses gut-stimulant, antidiar-

rheal, and antispasmodic activities, mediated possibly

through a combination of cholinergic stimulations, PDE

inhibition and activation of K+ channels, followed by a

weak Ca2+-antagonist effect. M. subcordata leaves may be

a potential therapeutic candidate for the management of

dual-disease states of gut, eg, constipation and diarrhea,

and hence further phytochemical and safety studies are

suggested.
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