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Abstract This research investigated the effect of organic extracts from Litsea glutinosa (Lour.) C.

B. Rob bark and its five heterocyclic compounds on induced diarrheal models. The bark of L. gluti-

nosa was extracted with chloroform, ethyl acetate, and methanol. The resultant extracts were exam-

ined for disc-diffusion-guided activity against diarrhea-causing bacteria and chemical-induced anti-

diarrheal properties in castor oil- and magnesium sulfate-induced diarrheal models. The effect of

the extracts on gastrointestinal motility was tested in activated charcoal meal and barium sulfate

milk models. The effects of the extracts on electrolytes (Na+, K+, Cl- and HCO3
–), creatinine,

triglycerides (TG), C-reactive protein (CRP), and immunoglobulin E (IgE) were assessed in the

blood serum of treated animals. From the GC–MS analysis of the L. glutinosa methanol extract,

five heterocyclic compounds were selected, and their interactions with target receptors were inves-

tigated using molecular docking techniques. The methanol extract (MExLG) showed the highest

zone of inhibition for Shigella dysentriae (ZOI, 24 ± 0.9 mm) and E. coli (ZOI, 16.00 ± 1.14 m

m), Salmonella paratyphi (18.23 ± 3.06 mm) and Vibrio cholerae (22.10 ± 2.62 mm). For both
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castor oil- and barium sulfate-induced diarrhea, MExLG achieved the highest levels of diarrheal

inhibition 82.5% and 77.33%, respectively. MExLG showed the best in Na+, K+, Cl-, and

HCO3
– equivalence. Serum creatinine, TG, CRP and IgE levels were significantly (P < 0.05)

restored by both MExLG and ethyl acetate extract (EAxLG). Out of five compounds, 1-(2-Fluoro

phenyl)pyrazole-4-carboxylic acid had the closest ligand-receptor interaction to that of the standard

anti-diarrheal drug loperamide. The results demonstrate that the 1-(2-Fluorophenyl)pyrazole-4-car

boxylic acid of MExLG could be positioned as a potential anti-diarrheal target through further

affirmation in a dose–response cell-line study.

� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Diarrhea is characterized by an increase in the frequency of bowel

movements, unformed stools associated with a growing tendency of

defecation, and abdominal pain (Guerrant et al., 2001). It is the

world’s third-highest killer disease, contributing substantially to pedi-

atric morbidity and mortality, especially in malnourished children

(Thielman and Guerrant 2004, Mehmood et al., 2011). The diarrheal

disease accounts for an estimated 17.5–21 % of all deaths in children

under the age of 5 years, equivalent to 1.5 million deaths per year,

despite the efforts of international organizations to control this disease

(Boschi 2013). Africa and South-East Asia account for 78% of all diar-

rheal fatalities in children, which puts a great financial load on health-

care expenses (Boschi 2013). Additionally, antibiotics used to treat

diarrhea sometimes cause adverse effects, and microbes often become

resistant to them (Gilani 2005). Therefore, the search for safe and more

effective agents from plant origin has continued to be an essential area

of active research.

Medicinal plants are usually recommended to treat gastrointestinal

disorders including constipation and diarrhea because they contain a

variety of ingredients that have effect-enhancing and side effect-

neutralizing potential (Gilani 2005) and are considered to be quite safe

when used for a long time. In recent years, several technological and

scientific developments — including improved analytical tools, genome

mining and engineering strategies, and microbial culturing advances —

are addressing such challenges and opening up new opportunities for

plant-based drug discovery. Consequently, interest in plant products

as drug leads is being revitalized (Gilani 2005). Due to society’s reli-

ance of resource-limited areas on herbal medicine for their health care

needs, the WHO recommended integrating folk and modern medicine

to control health problems (Azaizeh et al., 2010). Accordingly, the eth-

nobotanical survey reported that there are several plants that have

claimed anti-diarrheal role, but therapeutic and safety measures on

some of these herbs including Litsea glutinosa have not been reported

(Snyder and Merson 1982, Giday et al., 2010, Kidane et al., 2014).

The well-known evergreen species Litsea glutinosa, which is primar-

ily found in tropical Asia Australia, North and Central America,

India, Southern China, Malaysia, and Thailand, is a member of the

Lauraceae family and locally known as meda pata in Bangladesh

(van der Werff 2001, Ngearnsaengsaruay et al., 2011, Anjum et al.,

2023). Its bark and leaves are used as a demulcent and mild astringent

for diarrhea and dysentery due to its balsamic and mucilaginous nat-

ure, and the paste of its roots is used as a poultice in sprain and bruise

(Haque et al., 2014, Anjum et al., 2023). Mucilaginous polysaccharides

found in L. glutinosa leaves are thought to have antispasmodic and

emollient properties, making them a useful component of poultices

(Leong et al., 2016). The methanol extract of bark showed antibacte-

rial activity against sixteen tested microorganisms, both gram-

negative and gram-positive bacteria (Mandal et al., 2000). The muci-

lage, isolated from the leaves of L. glutinosa, exhibit anti-diabetic (type

II) and antioxidant property (Palanuvej et al., 2009). Although a rela-

tively recent report revealed that L. glutinosa leaves have antidiarrheal

properties, scientific proof of the same for the bark has not yet been
discovered. In this study, three distinct solvent extracts of L. glutinosa

bark were examined for their anti-diarrheal properties in animal mod-

els of chemically induced diarrhea. The results were then confirmed by

interfacing the most prevalent heterocyclic compounds from the most

effective extract with anti-diarrheal receptor proteins.

2. Materials and methods

2.1. Chemicals and reagents

All the chemicals and reagents used in this research were of
analytical grade unless specified otherwise. Loperamide

hydrochloride was collected from the local pharmaceutical
manufacturer ‘‘Square Pharmaceuticals Pvt. Ltd.,
Bangladesh”. NaCl, Barium sulfate, Gum acacia, and Magne-
sium sulfate were procured from Merck KGaA, Darmstadt,

Germany. Charcoal was purchased from Qualikems Fine
Chem Pvt. Ltd, India. Chloroform (99/8%), ethyl acetate
(ACS reagent, �99.5%), and methanol (99.8%) were pur-

chased from Sigma-Aldrich, St Louis, USA.
2.2. Collection of plant material

The bark of Litsea glutinosa (Lour.) C.B.Rob. was collected
from Chittagong University hilly areas (GPS Coordinate:
22.46918,91.79492) and was identified by a taxonomist Prof.

Dr. Sheikh Bokhtear Uddin. A sample specimen (Accession
Number LAMLG-A121) of L. glutinosa has been preserved
in the institutional herbarium of the University of Chittagong.

2.3. Preparation of the extracts

Shade-dried bark powder (1.5 kg) of L. glutinosa was soaked
into n-hexane in an Erlenmeyer flask to exclude the fatty sub-

stances from the plant material. The residue was then succes-
sively macerated into chloroform, ethyl acetate, and
methanol for three days in each solvent with mild stirring,

and supernatants were filtered by eight-layered Muslin cloth
followed by Whatman filter paper # 1. The filtrates were evap-
orated using a rotatory vacuum evaporator (RE200, BIBBY
Sterilin Ltd. Staffordshire, UK) under reduced pressure at

40 �C. The concentrated reddish-brown crude extracts were
collected in a Petri dish and allowed to air dry for complete
evaporation of solvents. The crude yield was calculated to be

3.5%. For upcoming studies, the crude extracts of ethyl acet-
ate, methanol, and chloroform are further abbreviated as
CExLG, EaxLG, and MexLG, respectively.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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2.4. Phytochemical analysis of L.glutinosa methanol extract

The bioactive compounds extracted from the methanol extract
of L. glutinosa bark were analyzed by gas chromatography
(GC-2010 plus, Shimadzu Corporation, Kyoto, Japan), cou-

pled with a mass spectrometer (GCMS- TQ 8040, Shimadzu
Corporation, Kyoto, Japan). A fused silica capillary column
(Rxi-5 ms; 30 m, 0.25 mm ID, and 0.25 lM) was used for
GC maintaining sample inlet temperature at 250◦C. A

1.0 mL sample was injected in splitless mode. The oven temper-
ature was programmed as 75 �C (1 min); 25 �C, 125 �C (1 min);
10 �C, and 300 �C (15 min). The aux (GC to MS interface)

temperature was set to 250 �C. The total run time was
36.50 min, and the column flow rate was 1.5 mL/min He
gas. An electron ionization (EI) type mass spectroscopy

(MS) was used in Q3 scan mode at 200 �C ion source temper-
ature, 250 �C interface temperature, 1.17 kV detector voltage,
and 50–1000 m/z mass range were set for MS. Individual com-

pounds with m/z ratio was searched in ‘‘NIST-MS Library
2014. Total Ionic Chromatogram (TIC) was used to determine
the peak area and percentage amounts of each compound.

2.5. Evaluation of antibacterial activity

2.5.1. Microorganisms

The antibacterial activity of the L. glutinosa bark extracts was
tested on gram-negative bacterial strains of Shigella dysente-
riae (ATCC 13313), Escherichia coli (ATCC 25922), Sal-

monella paratyphi (ATCC 9150) and Vibrio cholerae (ATC C
14033). The gram-negative bacterial strains were collected
from the Bangladesh Institute of Tropical and Infectious Dis-
eases (BITID), Bhatiary, Sitakundu, Chittagong, Bangladesh.

Bacterial strains were held on nutrient agar at 4 �C and subcul-
tured once a month in the laboratory.

2.5.2. Agar disc diffusion assay

The disc diffusion method was used to assess the extract’s
antibacterial activity (Rios et al., 1988). To obtain 108 CFU/
mL bacterial suspension, overnight bacterial cultures were

diluted in Mueller-Hinton broth (OD 600 = 0.08). The spread
plate technique was used to inoculate 20 mL of Mueller-
Hinton agar media with 200 mL of diluted cultures, which were

then allowed to dry in a sterile chamber. Five filter paper discs
(Whatman� antibiotic assay discs; diam. 6 mm) were mounted
on the inoculated agar surface. The extracts were loaded onto

the filter paper discs in a volume of 50 mL (1–3 mg/mL) and
allowed to dry entirely. Kanamycin (30 lg/disc) was used as
standard antibacterial discs. The plates were incubated for

24 h at 37 �C. The zone of inhibition (ZOI) was used to deter-
mine the antibacterial activity. Each test was carried out three
times.

2.6. Acute toxicity study of the crude L. glutinosa extracts

The OECD-423 Guidelines were used to conduct the acute tox-
icity test. Wistar albino rats were randomly assigned to three

groups, each with two rats. Experimental animals were given
a single dosage of 500–2500 mg/kg body weight of CExLG,
EAxLG, and MExLG for three successive days. After dosing,

individual animals were observed for the first 30 min, then
special attention for the next 24 h paying especial attention
for any unusual reactions, such as changes in the eyes, skin,
fur, mucous membranes, autonomic system, and central ner-

vous systems, respiratory system, and allergic syndromes.
Any unusual changes are recorded for the next seven days.
Finally, the median lethal dose (LD50 > 2000 mg/kg bw)

was selected as an effective dose for animal intervention
(Zaoui et al., 2002).

2.7. Animal care and maintenance

Six-seven weeks aged Wistar Albino rats (both sex, body
weight 150–180 g) were procured from the animal house of

the Bangladesh Council of Scientific and Industrial Research
(BCSIR), Chittagong. The animals were acclimatized under
standard laboratory conditions (relative humidity
55.0 ± 5.0%, room temperature 23.0 ± 0.50� C, and 12 h

light: dark cycle) for 7 days. The animals were caged individu-
ally during the experiments and supplied with a standard pellet
diet and water. All animal experimentations were maintained

and carried out with the guidelines of the Institutional Animal
Ethics Committee (Reference no EACUBS2018-6).

2.7.1. Animal grouping and dosing

The three bark samples-CExLG, EAxLG, and MExLG were
individually dissolved in olive oil and fed to the rats at a con-
centration of 200 mg/kg body weight. Wistar albino rats were

separated into five groups, each with six individuals:
Normal Control (NC): Saline 2 mL/kg BW was adminis-

tered orally.

Reference Control (RC): Loperamide 5 mg/kg BW was
administered orally.

Chloroform extract-treated group (CExLG200): 200 mg/kg
BW CExLG was administered orally.

Ethyl acetate extract-treated group (EAxLG200): 200 mg/
kg BW EAxLG was administered orally.

Methanol extract-treated group (MExLG200): 200 mg/kg

BW MExLG was administered orally.

2.7.2. Induction of diarrhea by castor oil

The Shoba (Shoba and Thomas 2001) and Franca (Franca

et al., 2008) procedures for the castor oil-induced diarrheal
tests were adopted, with a minor modification. Animals that
developed diarrhea after receiving 0.5 mL of castor oil were

included in the experiment. The grouped rats were fasted for
24 h to induce diarrhea with the administration of 1 mL of cas-
tor oil 30 min before the treatment. Each animal was then

placed in an individual cage, the floor lined with transparent
paper, and the floor lining was changed every hour. The total
number of fecal outputs was noted in the 4 h following the
onset of diarrhea. And even total fluid content of the faces

was determined by using the weight difference of the fresh
and dry stool (dried for 24 h at room temperature in a shaded
area). Evacuation classification based on stool consistency was

assigned as follows: normal stool = 1, semi-solid stool = 2,
and watery stool = 3, and the mean evacuation index (EI)
was calculated for each group. The activity of each group

was expressed as percent inhibition (%) of diarrhea which
was calculated for all groups compared with the negative con-
trols. The percent inhibition of defecation was calculated as

follows:
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Percent (%) inhibition of defecation = [(A-B)/A] � 100,
where A indicates the mean number of defecations caused by
castor oil; B indicates the mean number of defecations caused

by drugs or extract.

2.8. Induction of diarrhea by magnesium sulfate

Diarrhea was induced in Wistar Albino rats by magnesium sul-
fate using Doherty’s modified protocol (Doherty 1981). Exper-
imental rats fasted for 18–24 h before the test with free access

to water. Normal control and reference control groups were
given 1 mL of olive oil to get the same stress condition as
others. LGxCH, LGxEA, and LGxME groups were given

the chloroform, ethyl acetate, and methanolic bark extracts
at 200 mg/kg BW, respectively. After 1 h, all groups received
1 mL (5 g/kg) of MgSO4 orally. Then animals were placed in
cages lined with adsorbent papers and observed for 4 h for

diarrhea defined as watery (wet), unformed stool. The result
for the control group was considered 100%. The activity of
each group was expressed as percent inhibition (%) of diarrhea

calculated as follows:
Percent (%) inhibition of defecation = [(A � B)/A] � 100,

where A indicates the mean number of defecations caused by

MgSO4; B indicates the mean number of defecations caused
by drug or extract.

2.9. Gastrointestinal motility test

2.9.1. Castor oil-induced gastrointestinal transit in rats

This experiment was carried out by the method described by

Inayathulla (Inayathulla et al., 2010). Briefly, the adult rats
selected without sex discrimination were fasted for 18 h and
divided into five groups of six animals each. Castor oil

(1 mL) was administered orally to the animals. One hour later,
the NC group was administered 1.0 mL/100 g of 0.9% NaCl in
distilled water (normal saline); the RC group received the stan-

dard drug, atropine sulfate, at a 5 mg/kg dose through the oral
route. Rats of groups CExLG, EAxLG, and MExLG received
200 mg/kg of respective extracts p.o. After 30 min of the admin-
istration, 1 mL of the charcoal meal (10% suspension in 5%

gum acacia) as a marker diet was given orally to rats in each
group. The rats were sacrificed by ether (20% v/v) anesthesia,
the small intestine was carefully separated without stretching

the mesentery, and blood was collected by the heart puncture
method. The collected blood was immediately centrifuged at
3000 rpm for 20 min at room temperature to prepare serum

for biochemical analyses. For each animal, gastrointestinal
transit was calculated as the percentage distance traveled by
charcoal meal to the total length of the intestine and the dis-

tance traveled by charcoal meal from the pylorus to the cae-
cum. The inhibitory effect of the extracts on gastrointestinal
transit was calculated relative to the control group:

Percentage of inhibition

¼ Mean length of small intestine �Distance travel by the charcoalmeal

Mean length of small intestine

� 100
2.9.2. Gastrointestinal motility test with barium sulfate milk

This experiment is carried out by the method described by
(Chatterjee 1993). Wistar albino rats were fasted for 18–24 h
with free access to water and divided into five groups of five
animals each. NC and RC groups were given 1 mL of olive
oil to get the same stress condition as others. After 30 min,

2 mL of 10% barium sulfate solution was administrated in
all groups. Rats were sacrificed after 30 min and blood was col-
lected by heart puncture method. The collected blood was

immediately centrifuged at 3000 rpm for 20 min at room tem-
perature to prepare serum for biochemical analyses. The dis-
tance traversed by barium sulfate milk was measured and

expressed as a percentage of the total length of the small intes-
tine (from the pylorus to the ileocecal junction). The percent-
age of inhibition compared with the control group was
determined by using the following equation:

Percentage of inhibition

¼ Mean length of small intestine�Distance travel by theBaSO4 meal

Mean length of small intestine

� 100

2.9.3 Assay of serum electrolytes and biochemical

parameters

Serum sodium, potassium, chloride, bicarbonate, crea-
tinine, triglycerides (TG), C-reactive protein (CRP) and

immunoglobulin E (IgE) were measured by using reaction kits
on a semi-autoanalyzer (Humalyzer 3000, Human).

2.10. Molecular docking

2.10.1. Molecular docking analysis

Based on a literature study to unveil anti-diarrheal activity, the
receptors/enzymes were selected for molecular docking (Bulbul
et al., 2020). The crystal structure of receptors Cystic fibrosis

transmembrane receptor, Calcium-activated chloride channel,
Guanylate cyclase receptor, and A2B receptor were imported
from the RCSB Protein Data Bank (PDB), an online database
(https://www.rcsb.org/) and best binding sites were selected by

using an online tool PockDrug (Hussein et al., 2015). The
chemical structure of major identified compounds Levoglu-
cosenone; 1-Ethyl-2-hydroxymethyl imidazole, 5-(Hydroxyme

thyl)-2-(dimethoxymethyl)furan, 3-O-Methyl-d-glucose, and
1-(2-Fluorophenyl)pyrazole-4-carboxylic acid from L. gluti-
nosamethanol extract by GC–MS was extracted from the Pub-

Chem repository (https://pubchem.ncbi.nlm.nih.gov/). The
molecular docking study followed Hossen et al. and briefly
described the methodology (Hossen et al., 2021).

2.10.2. Evaluation of pharmacokinetic parameters

The absorption, distribution, metabolism, excretion, and toxi-
city (ADME/T) properties analysis of five bioactive com-

pounds (Levoglucosenone; 1-Ethyl-2-hydroxymethyl
imidazole, 5-(Hydroxymethyl)-2-(dimethoxymethyl)furan, 3-
O-Methyl-d-glucose, and 1-((2-Fluorophenyl)pyrazole-4-car
boxylic acid) from MExLG was evaluated by Lipinski’s rule

of fives (Lipinski et al., 2012) and Veber’s rules (number of
rotatable bonds; topological polar surface area)(Veber et al.,
2002). The ADME/T properties analyses were analyzed

through QikProp (Schrödinger Release 2017–1: QikProp,
Schrödinger, LLC, New York, NY, USA). QikProp is an effi-
cient ADME/T prediction tool that forecasts whether the

https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
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selected compound would exhibit satisfactory ADME/T
performances.

2.10.3. Determination of toxicological properties

AdmetSAR online tool was used to determine the toxicological
properties of the selected compounds, while a prime concern
during the development of new drugs is toxicity (Yang et al.,

2019). In this study, Ames toxicity, carcinogenic properties,
acute oral toxicity, and acute rat toxicity were predicted.

2.11. Statistical analysis

All the data are presented as a mean ± SD. The data were
analyzed by One-Way-ANOVA (Analysis of Variance) using
Table 1 Biometabolites from the GC–MS analysis of the bark of L

Peak# R.Time Area%

1 3.631 0.36

2 3.763 0.87

3 3.850 0.26

4 4.001 1.46

5 4.087 1.91

6 4.208 0.47

7 4.393 0.40

8 4.477 0.59

9 4.635 0.49

10 4.783 2.31

11 4.983 0.01

12 5.058 0.03

13 5.167 0.06

14 5.225 0.40

15 5.284 0.24

16 5.733 15.22

17 6.005 1.80

18 6.208 0.58

19 6.325 0.21

20 6.449 2.26

21 6.640 1.30

22 6.811 0.86

23 7.213 0.54

24 7.292 0.22

25 7.538 2.36

26 7.636 0.43

27 7.825 0.13

28 7.958 0.07

29 8.036 0.19

30 8.367 0.25

31 8.642 0.10

32 9.150 5.40

33 9.281 3.89

34 9.795 0.20

35 10.147 0.42

36 10.317 0.13

37 10.400 0.32

38 10.863 3.97

39 11.226 0.50

40 12.565 37.25

41 13.908 0.30

42 14.908 0.49

43 16.040 1.72

44 17.958 0.29

45 18.690 0.32
SPSS (statistical package for social science) software (Version
20.0, IBM Corporation, NY) followed by Tukey’s post hoc
tests. The values at P < 0.05 were considered statistically

significant.

3. Results

3.1. Natural compounds of L.glutinosa methanol extract

Methanol extract of L. glutinosa, as the most soluble fraction,
has been characterized by GC–MS analysis, and forty-five
volatile compounds were recorded (Table 1 and Fig. 1).

Among the compounds, Levoglucosenone; 1-Ethyl-2-
hydroxymethyl imidazole, 5-(Hydroxymethyl)-2-(dimethoxy
itsea glutinosa methanol extract.

Name

N-Glycylglycine

2,5,5-Trimethyl-3-hexyn-2-ol

3-Furancarboxylic acid

Cyclohexanamine, N-3-butenyl-N-methyl-

Methyl 2-furoate

2-Butenedioic acid (E)-, monomethyl ester

Levoglucosenone

Heptane, 4-ethyl-

Glutaric acid, 3-heptyl propyl ester

1-(2-Thienyl)-1-propanone

2-Furanethanol,.beta.-methoxy-(S)-

2(3H)-Furanone, dihydro-4-hydroxy-

4H-Pyran-4-one, 3,5-dihydroxy-2-methyl-

1,3-Propanediol, 2-(hydroxymethyl)-2-nitro-

2-Propyl-1-pentanol

1-Ethyl-2-hydroxymethylimidazole

Fumaric acid, butyl 3-methylbut-3-enyl ester

7-Dimethyl(prop-2-enyl)silyloxytridecane

cis-13-Octadecenoic acid

5-(Hydroxymethyl)-2-(dimethoxymethyl)furan

Decanoic acid, 3-methyl-

2,4-Dimethyl-3-pentanol acetate

Silane, dimethyldi(but-3-enyloxy)-

.alpha.-Methyl mannofuranoside

Glutamine

3-Chloro-6-methoxy-2-methylbenzoic acid, m

Carbonic acid, butyl ethyl ester

(S)-(-)-1,2,4-Butanetriol, 4-acetate

1-Methyl-1-n-pentyloxy-1-silacyclobutane

D-Mannoheptulose

2-t-Butyl-4-oxooxazolidine-3-carboxylic acid

D-Allose

.beta.-D-Glucopyranose, 1,6-anhydro-

1,2-O-Isopropylidene-D-xylofuranose, TBD

Acetic acid, 2-ethylbutyl ester

3-Methylmannoside

4-Hydroxy-3-[3-(2-hydroxy-5-methoxy-pheny

1,6-Anhydro-.beta.-D-glucofuranose

Hydrazinecarboxamide, 2-(2-methylcyclohexy

3-O-Methyl-d-glucose

1-(2-Fluorophenyl)pyrazole-4-carboxylic acid

4-Hydroxy-2-hydroxymethyl-6-methylpyrimid

9-Octadecenoic acid, (E)-

R-(+)-Methyl-3-isopropyl-6-oxoheptanoate

E-8-Methyl-7-dodecane-1-ol acetate



Fig. 1 Gas Chromatography-Mass spectroscopy (GC–MS) analysis spectra of MExLG. GC–MS was conducted by electron impact

ionization (EI) method on a gas chromatograph coupled to a mass spectrometer. A fused silica capillary column with 0.25 m film thickness

(Rxi-5 ms) is coated with DB-1 (J&W).
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methyl)furan, 3-O-Methyl-d-glucose, and 1-(2-Fluorophenyl)

pyrazole-4-carboxylic acid have been found to be the most
prevalent compounds (Fig. 2).

3.2. Antibacterial effects and toxicity of the extracts

The antibacterial effect of CExLG, EAxLG, and MExLG of
L. glutinosa bark against the human-pathogenic gram-

negative bacteria, Shigella dysenteriae, Escherichia coli, Sal-
monella paratyphii and Vibrio cholerae in disc diffusion method
is presented in Table 2. At the treatment dose of 3 mg/disc,

MExLG was found to maximally inhibit the four bacteria S.
dysenteriae, E. coli, S. paratyphii, and V. cholerae achieving
the zone of inhibitions 24 ± 0.9 and 16 ± 1.14 mm, respec-
tively. Two other extracts were deemed ineffective for bacterial

inhibition.
In acute toxicity studies on animals, none of the organic

extracts were found to be harmful. No adverse effects or

behavioral responses were recorded for the oral dose of
1000, 2000, and 3000 mg/kg bw in a 7-day experimental per-
iod. In rats, no signs of physical changes (weakness, diarrhea,
noisy breathing, clonic convulsion, lethargy, etc.) were

observed. Additionally, there was absolutely no mortality or
weight loss seen.

3.3. Effect of L.glutinosa extracts on castor oil-induced and
magnesium sulfate-induced diarrhea

Three distinct organic extracts of L. glutinosa bark produced a

marked anti-diarrheal effect in the rats. In the castor oil-
induced model, MExLG decreased the average number of
unformed feces (1.75 ± 0.5) and achieved the maximum diar-

rheal inhibition of 82.50%; the inhibition was statistically sig-
nificant (P < 0.05) in comparison to that of Loperamide, the
standard anti-diarrheal drug (Fig. 3).

The effect of L. glutinosa extract was similarly reflected in

the magnesium sulfate-induced diarrheal model. The most
remarkable anti-diarrheal effect was noted for MExLG, which
showed the maximum diarrheal inhibition of 77.33% and the

minimum number of average diarrheal feces. In a 4 h observa-
tion, the CExLG and EAExLG showed 64.6% and 59.3%
diarrheal inhibition, respectively. Loperamide, a reference



Loperamide Levoglucosenone

5-(Hydroxymethyl)-2-(dimethoxymethyl)furan 1-(2-Fluorophenyl)pyrazole-4-carboxylic acid 

Fig. 2 The five selected compounds were characterized from the GC–Ms spectra of MExLG.

Table 2 Zone of inhibition for CExLG, EAxLG, and MExLG in antibacterial disc diffusion assay.

Extract/drug Dose Zone of inhibition(mm)

Shigella dysentriae E. coli Salmonella paratyphi Vibrio cholerae

CEXLG (3 mg/disc) 6.50 ± 1.12 7.00 ± 2.30 8.95 ± 1.63 9.66 ± 1.10

EAxLG (3 mg/disc) 7.50 ± 1.30 8.00 ± 1.20 10.00 ± 2.01 15.23 ± 2.00

MExLG (3 mg/disc) 24.00 ± 0.90 16.00 ± 1.14 18.23 ± 3.06 22.10 ± 2.62

Kanamycin 30 mg/disc 35.00 ± 4.21 9.67 ± 0.75 15.00 ± 1.45 52.00 ± 3.75
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anti-diarrhea medication, inhibited diarrheal activity by
82.33%. The effects of the extracts in the magnesium sulfate-

induced diarrheal model are summarized in Table 3.

3.4. Effect of L.glutinosa extracts on castor oil-induced and
barium sulfate-induced gastrointestinal motility assay

The effect of the extracts on the castor oil-induced intestinal
motility is displayed in Table 4, and the photographs of the
intestinal changes are placed in Fig. 4A. The intestinal length
of the normal control animal was 93 ± 0.03 cm which has

been extended due to the increased motility by castor oil.
The MExLG was found to minimize the length most effec-
tively (101 ± 0.05 cm), while the distance traveled by the mar-

ker was measured at 60 cm, and the peristalsis index attained
by MExLG was 39.79. The shortest intestinal traveling made
by the marker was 51 ± 0.03 cm for CExLG, which was ulti-

mately reflected by its maximum diarrheal inhibition of



Fig. 3 Effect of CExLG, EAxLG, MExLG on controlling different events of A. Attenuation of average diarrheal feces B. % inhibition

of diarrhea in castor oil-induced diarrhea; C. Attenuation of average diarrheal feces D. % inhibition of diarrhea in BaSO4. Data are

presented as Mean ± SD. The superscript values (a-e) denote the significant (P < 0.05) differences between and among the treatments.

Data were analyzed by One-Way-Analysis of Variance (ANOVA) using the statistical software SPSS (Version 22.0, IBM Corporation,

NY) followed by a post hoc test for multiple comparisons.

Table 3 Effects of CExLG, EAxLG, and MExLG on castor oil-induced diarrhea in Wistar albino rats.

Group of

treatment

Dose Castor oil-induced diarrhea Magnesium sulfate-induced diarrhea

The total average number

of diarrheal feces

% inhibition of diarrhea The total average number

of diarrheal feces

% of inhibition

of diarrhea

NC 2 mg/kg 10.00 ± 0.81a – 5.66 ± 0.3a _

RC 5 mg/kg 1.25 ± 0.21b 87.50 1.00 ± 0.21b 82.33

CExLG 200 mg/kg 2.33 ± 0.12c 76.70 2.00 ± 0.46c 64.60

EAExLG 200 mg/kg 2.66 ± 0.75d 73.40 2.30 ± 0.20c 59.30

MExLG 200 mg/kg 1.75 ± 0.50e 82.50 1.30 ± 0.26d 77.33

Data are presented as Mean ± SEM for six animals. Data were analyzed by One-Way-Analysis of Variance (ANOVA) using the software

‘‘Statistical Package for Social Sciences” (SPSS, Version 22.0, IBM Corporation, NY). The superscript alphabetical letters (a-e) denote the

statistical significance among and between the groups at least in the experimental condition. Values were considered significant at P < 0.05.
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40.00%. The effect of L. glutinosa extract on barium sulfate-
induced gastrointestinal motility is summarized in Table 4

and Fig. 4B. The total length of the intestine in the BaSO4-
induced model was found to be 99 cm which was significantly
indifferent from that (98 cm) displayed by both CExLG and

MExLG; however, the distance traveled by the marker in
MExLG was lower than in CExLG. In addition, MExLG
showed the maximum diarrheal inhibition of 59.40%, which

consistently reflected the anti-diarrheal potential of MExLG
through its lowest peristalsis index, 39.79.
3.5. Effect of L.glutinosa extracts on the serum electrolytes and
biochemical markers

Table 5 summarizes the effects of L. glutinosa extracts on con-
trolling sodium (Na+), potassium (K+), chloride (Cl-), and

bicarbonate (HCO3
–). The MExLG significantly (P < 0.05)

maximized the Na+, Cl- and HCO3
– in Castor oil-induced diar-

rhea compared to the reference control. The increment of

Na+, K+, and Cl- by EAxLG in BaSO4-induced model was



Table 4 Effects of CExLG, EAxLG, and MExLG in castor oil- and BaSO4-induced gastrointestinal motility tests of Wistar albino

rats.

Group Dose The total length the of intestine (cm) Distance traveled by marker (cm) % of inhibition Peristalsis index

Cast-oil BaSO4 Cast-oil BaSO4 Cast-oil BaSO4 Cast-oil BaSO4

NC 2 mg/kg 93 ± 0.03a 99 ± 0.09a 85 ± 0.11a 88 ± 0.21a – – 91.39 88.88

RC 5 mg/kg 112 ± 0.1b 102 ± 0.13b 40 ± 0.03b 42 ± 0.1b 52.94 52.27 35.71 41.17

CExLG 200 mg/kg 121 ± 0.12c 98 ± 0.2c 51 ± 0.1c 70 ± 0.13c 40.00 20.45 42.14 71.42

EAExLG 200 mg/kg 113 ± 0.07d 103 ± 0.11d 75 ± 0.03d 54 ± 0.05d 11.76 38.63 66.37 52.42

MExLG 200 mg/kg 101 ± 0.05e 98 ± 0.15c 60 ± 0.2e 39 ± 0.02e 29.41 55.68 59.40 39.79

Data are shown as Mean ± SEM of six animals in each group. Data were analyzed by One-Way-Analysis of Variance (ANOVA) using the

software ‘‘Statistical Package for Social Sciences” (SPPSS, Version 22. IBM Corporation, NY), followed by Tukey’s Post Hoc test for multiple

analysis. Values are significantly (P < 0.05) different from each other and differences are denoted by the superscript letters (a-e).

Fig. 4 Photographs of isolated rat small intestinal tracts showing the distance traveled by activated charcoal in A. Castor oil-induced

motility test; B. BaSO4-induced motility test after administrating CEXLG; EAxLG and MExLG.
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found to be slightly higher than that by MExLG while impacts
of both of them were statistically significant compared to the
reference control. However, the effect EAxLG on HCO3

– was
not insignificant in comparison to the reference control.

The effect of the L. glutinosa extracts on the serum crea-
tinine, triglyceride (TG), c-reactive protein (CRP) and
immunoglobulin E (IgE) is presented in Table 6. The creatinine
level was maximally minimized by the EAxLG in castor oil-
induced model although effect of MExLG administration
was also significant (P < 0.05) compared to reference control.
The creatinine concentration in MExLG group was statisti-

cally significant compared to RC group in BaSO4-induced
model. The MExLG impacted the highest reduction of TG
both in castor oil-induced (133 ± 0.9) and BaSO4-induced



Table 5 Effects of CExLG, EAxLG, and MExLG on serum Na+ and K+ levels in castor oil- and BaSO4-induced diarrheal animals.

Group Dose Conc. of serum Na+mEq/L Conc. of serum K + mEq/L Serum Cl- level (mEq/L) Serum HCO3
– level (mEq/L)

Cast- oil BaSO4 Cast- oil BaSO4 Cast- oil BaSO4 Cast- oil BaSO4

Control 2 mg/kg 141 ± 1.10a 138 ± 1.00a 5.80 ± 1.30a 5.70 ± 0.10a 88 ± 1.10a 98 ± 1.12a 24.81 ± 0.23a 24.50 ± 1.0a

RC 5 mg/kg 146 ± 0.4b 144 ± 1.12b 9.10 ± 0.20b 7.4 ± 0.09b 107 ± 0.9b 103 ± 2.1b 25.69 ± 0.66b 25.34 ± 0.09a

CExLG 200 mg/

kg

132 ± 2.10c 140.5 ± 1.88c 7.10 ± 1.00b 6.70 ± 0.23c 97 ± 0.15c 99 ± 0.8c 23.25 ± 0.5c 24.22 ± 1.2a

EAExLG 200 mg/

kg

149 ± 1.20d 149 ± 2.00d 7.50 ± 0.90bc 5.0 ± 0.21d 96.50 ± 0.17c 101 ± 0.25d 25.87 ± 0.45b 26.87 ± 0.03b

MExLG 200 mg/

kg

155 ± 1.53e 142.6 ± 1.10c 6.0 ± 0.41a 5.3 ± 0.07d 107 ± 0.85b 97.66 ± 0.08e 26.75 ± 0.1d 25.53 ± 0.81c

Data are shown as Mean ± SEM of six animals in each group. Data were analyzed by One Way of Analysis of Variance (ANOVA) using the

software ‘‘Statistical Package for Social Sciences” (SPPSS, Version 22. IBM Corporation, NY), followed by Tukey’s Post Hoc test for multiple

analyses. Values are significantly (P < 0.05) different from each other and differences are denoted by the superscript letters (a-e).

Table 6 Effects of CExLG, EAxLG, and MExLG on creatinine and triglyceride levels in castor oil- and BaSO4-induced diarrheal

animals.

Group Dose Creatinine level mg/dL TG level mg/dL C reactive protein(mg/dl) IgE level KIU/mL

Cast- oil BaSO4 Cast- oil BaSO4 Cast- oil BaSO4 Cast- oil BaSO4

NC 2 mg/kg 0.53 ± 0.03a 0.49 ± 0.01a 193 ± 0.21a 143 ± 1.00a 0.57 ± 0.03a 1.02 ± 0.01a 9.81 ± 0.23a 11.91 ± 0.11a

RC 5 mg/kg 0.32 ± 0.11b 0.22 ± 0.09b 133 ± 0.76b 66 ± 0.87b 0.41 ± 0.11b 0.96 ± 0.1a 8.02 ± 0.05b 9.49 ± 0.02b

CExLG 200 mg/kg 0.38 ± 0.02b 0.36 ± 0.01c 178 ± 0.19c 118 ± 0.37c 1.21 ± 0.90c 0.79 ± 0.05b 11.8 ± 0.30c 8.40 ± 0.21c

EAExLG 200 mg/kg 0.27 ± 0.1bc 0.45 ± 0.1a 138 ± 0.45d 127 ± 0.24d 0.35 ± 0.45ab 0.62 ± 0.2ab 7.72 ± 0.22b 9.71 ± 0.1d

MExLG 200 mg/kg 0.44 ± 0.13d 0.41 ± 0.13a 133 ± 0.9b 81 ± 1.60e 0.47 ± 0.21ab 0.72 ± 0.13ab 8.36 ± 0.55d 8.88 ± 0.09d

Data are shown as Mean ± SEM of six animals in each group. Data were analyzed by One Way of Analysis of Variance (ANOVA) using the

software ‘‘Statistical Package for Social Sciences” (SPPSS, Version 22. IBM Corporation, NY), followed by Tukey’s Post Hoc test for multiple

analyses. Values are significantly (P < 0.05) different from each other and differences are denoted by the superscript letters (a-e).
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model (81 ± 1.06). Interestingly, the C-reactive protein atten-
uating capacity of EAxLG and MExLG was not significantly

dissented. The IgE levels for EAxLG and MExLG were
7.72 ± 0.22 and 8.36 ± 0.55 in castor oil-induced model;
and 9.71 ± 0.1 and 8.88 ± 0.09 in BaSO4-induced model.

The MExLG was noticed as more impactful than the EAxLG
in reducing the IgE concentration in both the models.

3.6. Effect of MExLG compounds in in silico molecular docking
study

Table 7 displays the results of the docking analysis for the anti-
diarrheal activity of the chosen MExLG compounds in terms

of their drug-likeliness characteristics. This study showed that
four major receptors, Cystic fibrosis transmembrane receptor,
Calcium-activated chloride channel, Guanylate cyclase recep-

tor, and A2B receptor, were involved in intestinal motility
and are related to exploring anti-diarrheal activity. The bind-
ing affinity and docking scores for all the ligand molecules

are summarized in Table 8. In the case of Cystic fibrosis, trans-
membrane receptor CFTR (PDB ID:5UAK), 1-(2-Fluorophe
nyl)pyrazole-4-carboxylic acid showed the docking score

�8.9, where 1-(2-Fluorophenyl)pyrazole-4-carboxylic acid
interacts with the amino acid TRP A:277 and ALA A:274 of
the Cystic fibrosis transmembrane receptor (Fig. 5). The dock-
ing score was �9.3 for the interaction of 1-(2-Fluorophenyl)p

yrazole-4-carboxylic acid with a calcium-activated chloride
channel (PDB ID: 5NL2). The interaction of the same com-
pound with guanylate cyclase receptor (NCBI accession num-

ber P25092) had the docking score �8.2 while 1-(2-
Fluorophenyl)pyrazole-4-carboxylic acid interacted with the
amino acid TYR A:563, CYS A:564, VAL A:621 of and ILE

A:514. A2B receptor (A2B receptor, NP_000667) was found
to bind with 1-(2-Fluorophenyl)pyrazole-4-carboxylic acid
through the amino acid SER A:68, HIS A:280, and VAL
A:250 showing a docking score �8.7.

3.7. Pharmacokinetic and toxicological impacts

The pharmacokinetic properties of different compounds are

investigated using QikProp ADME/T (absorption, distribu-
tion, metabolism, and excretion/transport) prediction tool.
The study revealed that Levoglucosenone; 1-Ethyl-2-

hydroxymethyl imidazole, 5-(Hydroxymethyl)-2-(dimethoxy
methyl)furan, 3-O-Methyl-d-glucose, and 1-(2-Fluorophenyl)
pyrazole-4-carboxylic acid did not disobey the Lipinski’s and

rule Veber’s rule. Hence, these five compounds exhibited
drug-like attributes (Table 8) and were more likely to be orally
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available as they maximally obeyed Lipinski’s and Veber’s
rules. Furthermore, toxicological properties were also pre-
dicted using the admetSAR online server, where the study

demonstrated that compounds are non-carcinogenic (Table 9).
Therefore, four bioactive constituents could be considered
promising drug candidates with good oral bioavailability

through further extensive studies that are still necessary, like
a clinical trial on animal models. However, 1-(2-Fluorophe
nyl)pyrazole-4-carboxylic acid has been shown to have the best

binding effects as a future therapeutic target (Fig. 5).

4. Discussion

This research has investigated the antidiarrheal effects of Lit-
sea glutinosa bark extracts (CExLG, EAxLG, MExLG). The
work was primed to evaluate the effects of extracts against four

diarrhea-causing gram-negative bacteria. MExLG manifested
the best antibacterial effects which may be mechanistically sup-
ported by the higher solubility of methanol and its greater
potential to extract a wide range of polyphenolics effective

against bacteria (Birru et al., 2016).
The resulting effects led to an assay of the anti-diarrheal

effects of the extracts. Earlier studies using animal models have

shown how plants influence gastrointestinal transit and the
generation of water and electrolytes; several studies have
demonstrated the effectiveness of traditionally used anti-

diarrheal herbs (Palombo 2006, Tadesse et al., 2014). By
employing castor oil and MgSO4-induced models in albino
rats, this study sought to assess the anti-diarrheal activity of
the three distinct L. glutinosa extracts. Castor oil is known

to cause diarrhea through the release of its active metabolite,
ricinoleic acid, by lipases in the upper section of the small
intestine (Mathias et al., 1978, Gunaydin and Bilge 2018). It

increases fluid retention in the intestine by lowering absorp-
tion, enhancing fluid and electrolyte output, and interacting
with the smooth muscle cells’ EP3 prostanoid receptors

(Tunaru et al., 2012). Additionally, this metabolite also alters
the motility of GI smooth muscles.

In the castor oil-induced diarrheal model, the MExLG sig-

nificantly affected all measured parameters: the average num-
ber of diarrheal feces, the weight of watery stools, and the
percentage of inhibition. A previous study suggested that the
anti-inflammatory activities demonstrated by L. glutinosa bark

were due to the inhibition of cyclooxygenase and lipoxygenase
enzymes which are responsible for the biosynthesis of non-
steroidal anti-inflammatory drugs (Mathias et al., 1978). Thus,

the anti-diarrheal action exerted by the extracts may also be
associated with the inhibition of cyclooxygenase/lipoxygenase
products. The evidence supports the hypothesis that the stim-

ulation of prostaglandin production causes castor oil-induced
diarrhea (Bhowmick et al., 2014).

The gastrointestinal tract is innervated by both sympathetic
and parasympathetic autonomic nervous system fibers. The

peristaltic movement of the gastrointestinal system has a myo-
genic nature, is mostly started by local reflexes, and can hap-
pen even without neurological connections to the brain or

spinal cord. Extrinsic nerves in the gut appear to play a rela-
tively minor function in controlling the organ’s peristaltic
activity (Pierce et al., 1971, Phillips and Powley 2007). An ear-

lier investigation of barium sulfate revealed that it is a tradi-
tional osmotic purgative (Chatterjee 1993). Therefore, a



Table 8 The binding affinity of MExLG compounds with Cystic fibrosis transmembrane receptor, Calcium-activated chloride

channel, Guanylate cyclase receptor, and A2B receptor.

Compound Name Binding affinity

Cystic fibrosis

transmembrane receptor:

CFTR

(PDB ID:5UAK)

Calcium-activated chloride

channel (PDB ID: 5NL2)

Guanylate cyclase receptor: (NCBI

accession number P25092)

A2B receptor

(A2B receptor,

NP_000667)

Loperamide �9.6 �9.6 �9.9 �9.3

Levoglucosenone �7.3 �7.2 �6.5 �6.5

1-Ethyl-2-hydroxymethyl

imidazole

�6.4 �8.2 �6.6 �6.2

5-(Hydroxymethyl)-2-

(dimethoxy methyl)furan

�7.4 �7.6 �6.7 �7.0

3-O-Methyl-d-glucose �6.8 �7.0 �7.0 �5.9

1-(2-Fluorophenyl)

pyrazole-4-carboxylic

acid

�8.9 �9.3 �8.2 �8.7

None of the selected compounds, except Levoglucosenone was found to show toxicity in the Ames test which is widely used to check the

mutagenic effects of any chemical, however; none of them is identified to show carcinogenic effects. Their oral toxicity level was III defying that

their LD50 is between 50 mg/kg < LD50 < 300 mg/kg except for 3-O-Methyl-d-glucose which had an LD50 between 300 mg/

kg < LD50 < 2000 mg/kg.
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barium sulfate test of intestinal motility was performed to see
how L. glutinosa affected peristaltic movement.

Additionally, both the central nervous system and enteric
(intestinal) nervous system are in charge of controlling gut
function. The autacoids (serotonin, acetylcholine, and prosta-

glandins) significantly influence the control of bowel motions
and secretions. Our results indicate that the extract can
enhance water and electrolyte absorption from the gastroin-

testinal tract since it slows intestinal transit in rats compared
to controls, extending the time for absorption. Therefore, the
anti-diarrheal activity in our experimental models can be

explained by the inhibitory influence of the small intestine’s
propulsive movement. Prostaglandin, muscarinic, serotonin,
and opioid receptors may all play a part in how the extract
inhibits the gut. This is consistent with the mechanism of

action of Loperamide for its anti-diarrheal effect, as presented
in the literature (Ezekwesili et al., 2004). Moreover, the extract
may have an anticholinergic activity and cause a reduction in

intestinal motility and secretion, which agrees with the action
of atropine on the intestine (Qnais et al., 2005).

Diarrhea is brought on by four pathophysiologic processes:

aberrant intestinal motility, electrolyte production, elevated
luminal osmolarity, reduced electrolyte absorption, and short-
ening of intestinal transit time (Agbor et al., 2004). In the inter-
vention of diarrhea, ricinoleic acid stimulates gastrointestinal

motility and electrolyte secretion, reducing electrolyte absorp-
tion from the intestine and colon; these are similar to the
pathophysiologic processes resulting in diarrhea (Mascolo

et al., 1993). Restoration of electrolytic balance by the L. gluti-
nosa extract may be lined with its anti-diarrheal effects.
Triglycerides are thought to be propulsive in aggravation of

diarrhea and therefore aastor oil, a triglyceride characterized
by a high content of the hydroxylated unsaturated fatty acid
ricinoleic acid, is administrated to induced diarrhea. Literally,

almost 90% of ricinoleate present in castor oil is mainly
responsible for diarrhea production (McKeon et al., 1999).
Reduced TG levels by L. glutinosa bark extract thus correlate
with lessening diarrhea. In our experiment, IgE level was

reduced by the treatment with L. glutinosa, which is in concor-
dance with the strong association of chronic diarrhea and high
titer of IgE with eosinophilic infiltration of gastric and antral

mucosa (Estrada-Reyes et al., 2008, Sriram et al., 2010). The
CRP is generally used as a monitoring or prognostic indicator
in infectious diseases. It is a candidate biomarker that can dif-

ferentiate between inflammatory and non-inflammatory diar-
rhea in patients with acute infectious diarrhea (Kim et al.,
2013). The higher CRP level is related to poor prognosis. How-

ever, it is important to note that the increase in the CRP in
bacterial infection is due to extracellular multiplication in the
bloodstream, which induces a robust systemic inflammatory
response leading to cause diarrhea (Ibrahim et al., 2011).

The reduction of the elevated CRP levels in both the diarrheal
models may be exerted through the common mechanism of
reclaiming the restoration of CRP by treating L. glutinosa.

Molecular docking analyses were employed extensively in
estimating ligand-target relationships and gaining a deeper
understanding of the biological activity of natural products.

It provides more insights into probable mechanisms of action
and binding mode within the binding pockets of several pro-
teins (Khan et al., 2019). Five compounds within L. glutinosa
have been selected for docking tests to provide greater insight

into the anti-diarrheal activity. The compounds were then
docked against four targeted receptors: cystic fibrosis trans-
membrane receptor, Calcium-activated chloride channel,

guanylate cyclase receptor, and A2B receptor.
The cystic fibrosis transmembrane conductance regulator

(CFTR) is the primary chloride channel at the apical mem-

brane of intestinal epithelial cells. It plays a significant role
in intestinal fluid secretion and homeostasis. Inhibition of
CFTR chloride-channel activity represents a novel approach

to managing drug-induced secretory diarrhea because the
CFTR channel causes excessive fluid secretion and secretory



Fig. 5 Docking analysis of (A, B) 2D and 3D view of 1-(2-fluorophenyl)-1H-pyrazole-4-carboxylic acid: Best binding affinity with

CFTR; (C, D) 2D and 3D view of 1-(2-fluorophenyl)-1H-pyrazole-4-carboxylic acid: Best binding affinity with Calcium-activated chloride

channel (E, F) 2D and 3D view of 1-(2-fluorophenyl)-1H-pyrazole-4-carboxylic acid: Best binding affinity with GC-C receptor; (G, F) 2D

and 3D view of 1-(2-fluorophenyl)-1H-pyrazole-4-carboxylic acid: Best binding affinity with A2B receptor and (I, J) 2D and 3D view of

Loperamide: Best binding affinity with GC-C receptor.
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diarrhea through protein–protein interactions and cAMP/
cGMP-mediated signaling. Strong binding of the selected four

compounds with CFTR pondering their drug-likeliness is con-
sistent with the proposition (Moon et al., 2015).

High-throughput screenings have yielded several chemical

classes of small molecule CFTR and calcium-activated chlo-
ride channel (CaCC) inhibitors that show efficacy in animal
models of diarrheas. Because, in secretory diarrhea, activation
of Ca2+ signaling pathways increases the conductance of ente-

rocyte Cl� channels, an attractive class of targets for diarrhea
therapy, which include the CFTR and CaCCs. Natural-
product diarrhea remedies with Cl-channel inhibition activity

have also been identified that attenuated by intraperitoneal
treatment with CaCC inhibitor (CaCCinh-A01) (Thiagarajah



Fig. 5 (continued)

Table 9 Pharmacokinetic properties of the selected compounds in MExLG.

Compounds Structure Parameters

Ames toxicity Carcinogens Acute oral toxicity Rat Acute Toxicity

Loperamide NAT NC II 3.221

Levoglucosenone AT NC III 1.657

1-Ethyl-2-hydroxymethylimidazole NAT NC III 1.564

5-(Hydroxymethyl)-2-(dimethoxymethyl)furan NAT NC III 1.047

3-O-Methyl-d-glucose NAT NC IV 2.344

1-(2-Fluorophenyl)pyrazole-4-carboxylic acid NAT NC III 1.962

NAT, Non Ames toxic; AT, Ames toxic; NC, Non-carcinogenic; Category-III (50 mg/kg < LD50 < 300 mg/kg);

Category-IV (300 mg/kg < LD50 < 2000 mg/kg).
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et al., 2015). The higher binding score of the selected com-
pounds indicates their prospects to be a CaCC inhibitor.

Guanylate Cyclase-C (GC-C) is a transmembrane receptor
predominantly located on intestinal epithelial cells. Receptor
Guanylyl Cyclase C (GC-C) was initially characterized as an

important regulator of intestinal fluid and ion homeostasis.
Bacterial enterotoxin peptides are reported to bind with GC-
C and stimulate cGMP secretion, which eventually causes diar-

rhea through a cascade of mechanisms. Therefore, searching
for a new target inhibitor of GC-C is one of the most elegant
ways of unfolding the anti-diarrheal drug. Our study showed a
good binding interaction of four ligands out of five; their

potential may be further studied to validate the computational
data (Camilleri 2012).

The adenosine A2B receptors are expressed in various cell

types. At the same time, its involvement in visceral hypersensi-
tivity in animal models of IBS and regulation of intestinal
secretion and motor function are cited literally. The A2B

receptor activation triggers adenylate cyclase stimulation, lead-
ing to an increase in intracellular cyclic AMP (cAMP) and cal-
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cium ion levels. The recent development of pharmacological
research has demonstrated the role of adenosine A2B receptor
in pathophysiological processes, including intestinal inflamma-

tion (Mathias et al., 1978, Tunaru et al., 2012, Bhowmick
et al., 2014), intestinal secretion, motility, and sensation
(Weiglmeier et al., 2010, Aherne et al., 2011). High-affinity

molecular binding of L. glutinosa bark compounds has
revealed their possibilities to be a suitable inhibitor of A2B
receptors to control drug-induced secretory diarrhea. Accord-

ing to Lipinski’s law, the bioactive compound exhibited orally
active drug-likeness properties. Pyrazoles among the selected
compounds are reported as antibacterials and antioxidants,
while high antioxidants are associated with the inhibition of

diarrhea-causing pathogens (Essuman et al., 2021). Com-
pounds with lower molecular weight, lipophilicity, and hydro-
gen bonding are highly permeable and have good absorption

and bioavailability (Moon et al., 2015). From these results,
plant-derived natural compound targets will be executed for
drug discovery for various ailments, including diarrhea. We

can conclude that the studied phytoconstituent is enormously
responsible for the anti-diarrheal activities of L. glutionsa.

5. Conclusion

This research has revealed the anti-diarrheal effects of three distinct

extracts of Litsea glutinosa while the methanol extract has remarkably

attenuated the diarrheal incidence in the studied models showing no

adverse effects at least in the experimental conditions. A combination

of traditional use and scientific evidence affirms the future therapeutic

prospects of L. glutinosa bark to control diarrhea. The effects are pri-

marily evidenced to be attained by the major heterocyclic compounds

including 1-(2-Fluorophenyl)pyrazole-4-carboxylic acid which has

been found the best target for anti-diarrheal therapeutics. However,

the use of a single dose of three extracts could be surpassed by admin-

istrating a multidose-response comprehensive study to affirm the clin-

ical use of L. glutinosa methanol extract in diarrheal incidences.

CRediT authorship contribution statement

Md. Atiar Rahman: Conceptualization, Supervision, Project
administration. Nazifa Anjum: Methodology, Data curation.
Md. Khalid Juhani Rafi: Methodology, Data curation. Sra-

bonti Saha: Methodology, Data curation. Jobaier Ibne Deen:

Methodology, Data curation. Mijbah Uddin: Methodology,
Data curation. Farjana Sharmen: Methodology, Data cura-

tion. Humayra Ferdousi: Methodology, Data curation. Rahni
Hossain: Methodology, Data curation.

Declaration of Competing Interest

The authors declare that they have no known competing

financial interests or personal relationships that could have
appeared to influence the work reported in this paper.
Acknowledgments

The authors thank Professor Dr. Shaikh Bokhtear Uddin for
identifying the sample and offering an accession number for
identification. The authors also would like to thank the

Research and Publication Cell of Chittagong University for
partially supporting the research project.
Funding

This research is supported by Walailak University, Thailand.

References
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