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Background: Due to the limits of present antidiarrheal medications, it is critical to seek novel, safe, and inexpensive antidiarrheal 
agents. Thus, the goal of this study was to assess the antidiarrheal activity of 80% methanol crude extract and solvent fractions of 
Maesa lanceolata leaves in mice.
Methods: Leaf powder was extracted by 80% methanol and then fractionated with n-hexane, ethyl acetate, and distilled water. At 100, 
200, and 400 mg/kg, the effects of the crude extract on castor oil-induced diarrhea, enteropooling, and gastrointestinal motility tests 
were investigated. Tween 2% and atropine used as negative and positive controls, respectively. A gastrointestinal motility test was used 
to explore the anti-motility effects. Data were analyzed with SPSS V. 26, and the significance was established with a one-way ANOVA 
followed by a post hoc Tukey’s test.
Results: The crude extract delayed the onset of diarrhea and significantly reduced the number of fecal drops at 100 (p<0.05), 200 and 
400 mg/kg (p<0.001). Similarly, the number and weight of wet feces, as well as total fresh feces, were reduced at 200 (p<0.05) and 
400 mg/kg (p<0.001) compared to Tween 2%. The enteropooling test demonstrated that the extracts significantly reduced the volume 
and weight of intestine content at 200 (p<0.05) and 400 mg/kg (p<0.001). The anti-motility activity test revealed that the all extracts 
decreased gastrointestinal motility significantly (p<0.001). The ethyl acetate fraction significantly reduced gastrointestinal transit time 
at all doses (p<0.001). At 400 mg/kg, the activities of the n-hexane fraction were significant (p<0.01). The efficacy of the residual 
aqueous fraction on gastrointestinal motility was significant at 200 (p<0.05) and 400 mg/kg (p<0.001).
Conclusion: The 80% methanol extract of Maesa lanceolata Forssk leaf and solvent fractions were shown to exhibit potent 
antidiarrheal activity in the current study.
Keywords: castor oil, crude extract, diarrhea, Maesa lanceolata Forssk, solvent fraction

Introduction
Diarrhea is described as passing three or more loose or liquid stools per day or passing stools more frequently than is 
normal for the individual.1 Regularly passing formed feces is not diarrhea, nor is the passage of loose, “pasty” stools by 
breastfeeding babies.2 Along with frequency and consistency, the weight of the feces should be evaluated. As a result, 
diarrhea is defined as more than 200 g of feces per day.3,4 Diarrhea is a major preventable cause of death and morbidity, 
particularly in communities with limited resources. Childhood diarrhea affects approximately 1.7 billion children 
worldwide each year, resulting in half a million fatalities among children under the age of five, making diarrhea 
the second largest cause of death among children under the age of five. The majority of deaths from diarrheal sickness 
occurred in Sub-Saharan Africa and South Asia, where sanitation and hygiene are weak.5,6

A variety of viruses, bacteria, and parasites can cause diarrhea. Pathogens vary according to a variety of character
istics, including but not limited to host factors, socioeconomic situations, geographic and climatic settings, and others.7,8 

Noninfectious factors include pancreatic exocrine insufficiency, endocrine disorders, tumors, chronic malassimilation 
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states, bile acid malabsorption, and intoxications; medication-related factors such as laxatives, antibiotics, chemotherapy, 
and radiotherapy; and diet-related factors such as tube feeding and oral diet.9

The digestive system regulates electrolyte and water intake and secretion to meet physiological needs and maintain 
hydration.10 During diarrhea, the usual net absorption of electrolytes and water reverses into output.11 All diarrheas share 
the same underlying pathophysiology, which is either inadequate fluid absorption from the intestine or osmotic water 
retention inside the lumen.12 The four different mechanisms that produce diarrhea are osmotic load escalation, secretory 
diarrhea, inflammation, inflammatory diarrhea, and poor absorption time as a result of disturbed intestinal motility.13

The most important goal of diarrhea treatment is to keep the patient hydrated, to effectively counter electrolyte and 
fluid losses and to prevent morbidity and mortality. Fluid therapy is the most life-saving treatment measure, and it is 
administered to patients based on their medical history, physical examination, laboratory findings, and an appropriate 
understanding of electrolyte and fluid dynamics, with the goal of restoring fluid balance.14

Other treatment approaches to achieve these goals include probiotics, which are nonpathogenic organisms, and 
prebiotics, which are fermented or indigestible nutrients.

Probiotics, which are nonpathogenic organisms, prebiotics, which are fermented or indigestible nutrients; antisecre
tory agents, such as loperamide, diphenoxylate, and bismuth subsalicylate, which act by stimulating absorption and 
decreasing water secretion in the gastrointestinal tract; and anti-motility agents, which inhibit intestinal motility by acting 
as opiate receptor agonists, such as opiates, are other treatment approaches to achieve these goals.15,16 Anticholinergics 
such as atropine, propantheline, methscopolamine, and glycopyrrolate are usually successful treatment options for 
irritable bowel syndrome diarrhea (IBS-D) due to their antispasmodic and acid secretion-reducing properties. 
Additionally, dietary support and antimicrobial intervention (if needed) are therapeutic possibilities.17 When administered 
properly, specific or empiric antibiotic therapy for diarrhea caused by shigellosis, campylobacteriosis, C. difficile colitis, 
and protozoal infections is effective.4,14

Maesa lanceolata, from the genus Maesa and the family Myrsinaceae, was the experimental plant tested for 
antidiarrheal activity. The Myrsinaceae family contains approximately 30 genera and 1000 species. Maesa lanceolata 
(Myrsinaceae) is a 10 meter tall shrub or tree with greenish-brown stems. The leaves are oval with coarsely serrated 
margins, and the inflorescence is a single or complex raceme. This plant is utilized in medicinal formulations by 
traditional healers to treat a number of ailments.18 In many parts of our world, Maesa lanceolata froskk leaves are used 
for the treatment of malaria,19 ascariasis,20 dermatosis, scabies,21 and the management of difficult childbirth to augment 
labor.22 It has also been used to manage wounds,23 and its roots are used to treat jaundice.24 Additionally, fruits and seeds 
can also treat intestinal worms, stomach aches, and sore throats.25 The plant can be found all over Eastern Africa, up into 
Arabia, and all over India.20

Triterpenoid saponins26 and benzoquinones27 have been identified as active components in this plant in phytochem
ical research thus far. Saponins contain biological properties such as virucidal activity against enveloped viruses, 
hemolysis, molluscicidal activity, moderate fungistatic activity, antimutagenicity and vasoconstriction.26 One study 
also determined the antimicrobial activities of the seed oil extract of the study plant because of the availability of 
different phytochemicals that have antimicrobial activities, such as alkaloids, flavonoids, tannins, terpenoids, saponins, 
and phenols.28

This plant has also shown antifungal,29 antioxidant,27 antiviral,18 and anticancer30 activities. Experimental studies 
have confirmed that the methanol extract of Maesa lanceolata showed anthelmintic activity.25 Another in vitro experi
mental study additionally showed that chloroform extract from the leaves of this plant had the highest antiplasmodial 
activity.31 In Ethiopia, this medicinal plant is known by different local names, including Kalawa and Sowereya in 
Amharic, Abayii in Afaan Oromoo, and kawacho in Sidama.32 To treat diarrhea, the leaves of this medicinal plant are 
crushed, soaked, and taken three times a day orally. A decoction of this plant is also used by others to treat this ailment. It 
has been documented and reported that Maesa lanceolata is used traditionally for the treatment of diseases such as 
diarrhea in Ethiopia around Ankober,32 without clear scientific proof for its safety and efficacy. The current study aimed 
to assess the antidiarrheal activity of Maesa lanceolata Forssk (Myrsinaceae) leaves 80% methanol extract and solvent 
fractions in mice.
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Materials and Methods
Experimental Animals
The experiment utilized a total of 143 apparently healthy Swiss albino mice of either sex, weighing between 25–30 g and 
aged 8–12 weeks. The study animals were obtained from the laboratory animal center of the Pharmacology Department 
at the University of Gondar, School of Pharmacy. The study animals were housed in standard cages at room temperature 
with free access to food and water on a 12-hour light and dark cycle. The animals were introduced to the testing area one 
week before the trial.33 The study was performed at the Pharmacology Laboratory of the University of Gondar, Ethiopia.

Plant Material
On May 15, 2021, fresh Maesa lanceolata Forssk leaves were taken from Ankober Woreda, North Shewa Zone, Amhara 
region, which is located 40 kilometers east of Debre Birhan and approximately 140 kilometers northeast of Addis Ababa, 
Ethiopia’s capital city. A botanist recognized and authenticated the plant, and a voucher specimen with voucher number 
01/AM/2022 was deposited in the Herbarium, College of Computational and Natural Sciences, University of Gondar.

Equipment, Drugs and Chemicals
Rotary vapor (Yamato Scientific Co. Ltd, Japan), dry oven, deep freezer, mortar and pestle, measuring cylinders, funnel, 
transparent plastic ruler, beaker, surgical scalpel blade - No. 24, oral gavage with needle, forceps and Erlenmeyer flask 
were used for the current experiment. Drugs such as castor oil (Amman Pharm., Jordan), loperamide (Daehwa Pharm., 
Republic of Korea), charcoal meal (Acuro Organics, New Delhi), atropine (Humanwell Pharmaceutical Ethiopia), 
ketamine (Trit Taij, Germany), Tween 80 (Care Laboratory’s and Medical Supply, India), methanol (Follium 
Pharmaceuticals, Ethiopia), n-hexane (Lopa Chemie, India), ethyl acetate (Sisco Research Lab., India), and distilled 
water were used in the experiment.

Preparation of 80% Methanol Extracts
After collecting the leaves, they were carefully rinsed with running tap water to eliminate dust. To avoid solar damage to 
the plant’s contents, the plant was then dried in the house at room temperature. Finally, the dried plant leaves were 
mashed with a mortar and pestle. Cold maceration was used to remove the plant material. Methanol 80% was chosen 
over other solvents due to its universality, lower boiling point, higher volatility, and higher extraction efficiency, 
depending on the intended secondary metabolite composition.34 Powdered leaves (900 g) were steeped for 72 hours at 
room temperature in an Erlenmeyer flask with 80% methanol in a 1:5 (w/v) ratio. Following muslin cloth filtration, the 
crude extract was filtered with Whatman No. 1 filter paper, and the marc of extract was then remacerated twice more with 
an equal volume of different solvents. The filtrate yields from extractions were mixed, and methanol was extracted from 
the extract using a Rota Vapor set to 40 °C and evaporation under vacuum. The yields were stored in the refrigerator after 
being lyophilized with a freeze dryer and deposited in a deep freezer overnight. The yield was then calculated as 
a percentage.

Solvent Fractionation
Stages of fractionation were performed on the 80% methanol crude extract. According to their increasing polarity, the 
solvents utilized in the fractionation procedure were n-hexane, ethyl acetate, and distilled water. After measuring out 70 
g of the crude extract, 250 mL of distilled water and an equal amount of n-hexane were added to a beaker. A 500-mL 
separating funnel was then used to contain the suspension, which was shaken occasionally while it stood there. Because 
n-hexane has a lower density than water, it was taken on the upper phase and collected. The residue was macerated twice 
more using the same ratio of n-hexane and procedure as the first maceration. The n-hexane fraction (NHF) was created by 
combining the filtrate fractions produced in the preceding process. The residue was then treated with 250 mL of ethyl 
acetate, and the method was repeated as with hexane. The residue was then removed from the ethyl acetate layer and 
utilized to create the fraction (EAF). The residue aqueous fraction (RAQF) was formed from the final residue. The RAQF 
was lyophilized after the NHF and EAF were dried in an oven at 40 °C.35
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Grouping and Dosing of Animals
The 80% methanol extract was tested using three models, and each fraction was tested using a gastrointestinal motility 
test, castor oil-induced enteropooling test and antidiarrheal index. Animals were randomly assigned to one of five groups: 
negative control (G-I), positive control (G-II), and the remaining three test groups (Groups III–V), with six animals in 
each group. The first group received 2% Tween 80 (10 mL/kg) for crude extract, NHF, and EAF, while G-I for the 
aqueous fraction received distilled water (DW) at 10 mg/kg; the second group received loperamide (3 mg/kg) for castor 
oil-induced diarrhea and enteropooling assays. Atropine at 5 mg/kg was administered for tests of gastrointestinal 
motility; groups III to V were treated with different doses (100, 200, and 400 mg/kg, respectively) of Maesa lanceolata 
Forssk extracts. The doses were determined based on the results of an acute oral toxicity test.36

Qualitative Phytochemical Screening
The existence of secondary phytochemicals such as alkaloids, flavonoids, terpenoids, saponins, tannins, steroids, phenols 
and cardiac glycosides was assessed using established techniques and reagents.37 The tests used for this experiment were 
for alkaloids (Wagner’s test), flavonoids (alkaline reagent test), cardiac glycosides (Keller-Kiliani test), phenols (ferric 
chloride test), saponins (foam test), steroids (Salkowski’s test), terpenoids (Salkowski’s test), tannins (Braymer’s test), 
and terpenoids (Salkowski’s test).

Acute Oral Toxicity Test
To assess acute oral toxicity, the OECD 425 guidelines were used to test 5 female mice.38 Prior to the administration of 
80% MEML (80% methanol extract of Maesa lanceolata leaves), the animals were fasted but had access to water for 4 
hours. Then, 2 g/kg of the crude extract was administered to the mouse orally. The mice were fasted for two hours after 
administration of the crude extract. For four hours, the mouse was observed every half-hour for any indications of 
toxicity or early mortality. Based on the findings of the first mouse, since there was no observed acute toxicity or 
mortality during the first 24 hours, the extract was sequentially administered (2000 mg/kg) to the next four mice. After 
that, mice were housed separately and watched for 4 hours, followed by a 30-minute break, before being checked daily 
for two weeks for indications of toxicity in the same way as the first animal.

Antidiarrheal Activity Determination
Castor Oil-Induced Diarrhea
For this model, the methods described by Fokam Tagne et al were used.27 The mice of either sex were randomly 
allocated and given the treatments outlined in the grouping and dose section after fasting for 18 hours. One hour after 
administration, all mice were given 0.5 mL of castor oil orally through oral gavage and placed in a separate clear cage 
with a white, nonwetting, transparent paper-lined bottom. For a total of four hours, the white, nonwetting, clean paper 
was changed every hour. During the observation period, the onset of diarrhea, the quantity and weight of wet stools, and 
the overall number and weight of fecal output were all documented. Finally, the percentage inhibition of weight, 
percentage inhibition of diarrhea, and percentage inhibition of feces were calculated using the procedures mentioned 
below.
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Castor Oil-Induced Enteropooling
For this model, the methods described by Patil et al39 were followed. After fasting for 18 hours, animals of either sex 
were divided into groups and given the appropriate treatments as outlined in the section on grouping and dosing. Castor 
oil (0.5 cc) was ingested after an hour. One hour later, the mice were slaughtered and died via cervical dislocation. The 
intestine from the pylorus to the cecum was methodically dissected, ligated, and removed from each mouse’s abdomen. 
The weights of the small intestines before and after milking were recorded, and the contents of the small intestine were 
milked into a graduated tube. Finally, the weight of the intestinal contents and the % reduction in intestinal output were 
determined using the following formulas:

where: MWIC – mean weight of intestinal content; MWICC - mean weight of intestinal content of control group; 
MWICT - mean weight of intestinal content of test group

where: MVIC – mean volume of intestinal content; MVICC – mean volume of intestinal content of the control group; 
MVICT – mean volume of intestinal content of the test group

Gastrointestinal Motility Test by Charcoal Meal
This study was performed in accordance with the method stated by Patil et al.39 All mice were grouped and 
administered treatments in accordance with the grouping and dosing section after being fasted for 18 hours with 
free access to water. Each mouse received castor oil, 0.5 cc an hour after treatment. All mice received 0.5 cc of 
a charcoal meal suspension an hour after receiving castor oil. The entire length of the intestine, from the pylorus to the 
cecum, was then removed and laid lengthwise on a flat platform after the animals were sacrificed after waiting 30 
minutes. The length of the intestine as a whole and the distance covered by the charcoal meal were then measured 
using a transparent plastic measuring ruler. The formula below was used to determine the peristaltic index and 
percentage of inhibition:

Anti-Diarrheal Index (ADI)
The positive control and extract-treated groups’ in vivo antidiarrheal index (ADI) was calculated using various data from 
the aforementioned experiments using the following formula:40

where:

● D freq is delay in defecation time or diarrhea onset from castor oil diarrhea test,
● G meq is the gut meal travel reduction obtained from the charcoal meal test,
● P freq = the purging frequency or reduction in the number of wet stools obtained from the castor oil–induced 

diarrheal model.
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Statistical Analysis
SPSS version 26.0 was used to enter and analyze all data. To identify statistical variances between all study groups, 
a one-way analysis of variance (ANOVA) was conducted. Tukey’s post hoc multiple comparison tests were used for 
pairwise comparisons. The results are presented as the mean ± SEM. p values < 0.05 were considered statistically 
significant.

Results
Crude Extracts and Fraction Yields
Out of 900 g of leaf powder, 128 g of dried methanol extract was obtained, and the total percentage yield was 14.2%. The 
aqueous, ethyl acetate and n-hexane fraction percentage yields were 53.47% (37.43 g), 22.57% (15.80 g), and 9% (6.30 
g), respectively.

Acute Oral Toxicity
The results showed that mice exposed to crude methanol extract up to 2 g/kg did not die within the first 24 hours or for 
the next 14 days, indicating that the oral LD50 is more than 2 g/kg. Gross physical and behavioral examinations of the 
experimental mice revealed no noticeable acute poisoning symptoms, such as vomiting, diarrhea, or loss of appetite.

Qualitative Phytochemical Screening
The qualitative phytochemical screening test results showed the existence of alkaloids, tannins, and phenols in both crude 
extracts of Maesa lanceolata and solvent fractions (Table 1). Steroids are absent in both crude and solvent fractions. In 
addition to the abovementioned results, saponins are absent in NHF and EAF. Flavonoids are absent in NHF and RAQF. 
Cardiac glycosides are only absent in RAQF.

Effects of Crude Extracts on Castor Oil-Induced Diarrhea
When compared to the negative control, the crude leaf extract of Maesa lanceolata considerably delayed the onset of 
diarrhea and the total amount of fecal drops. The extract showed a significant delay in the onset of diarrhea at 400 mg/kg 
(125.67±4.79 minutes). When compared to the negative control, the effects of the extract on the overall number of fecal 
drops were statistically significant at doses of 100 mg/kg (p<0.05), 200 mg/kg and 400 mg/kg (p<0.001). The extract had 
a profound effect at 400 mg/kg on fecal drop totals equivalent to that of the conventional medication loperamide (3 mg/ 
kg). With an extract of 80% methanol at a dose of 200 mg/kg (p<0.05) and 400 mg/kg (p<0.001), it was discovered that 
there were fewer moist feces compared to the negative control. However, at 100 mg/kg in this parameter, the extract was 
statistically insignificant compared to the negative control.

Defecation was inhibited by 20.51%, 35.9% and 55.13% by the extract at 100, 200 and 400 mg/kg, respectively. Data 
from the experiment also showed that at dosages of 100, 200 and 400 mg/kg, the percentages of diarrheal inhibition were 
17.39%, 32.61%, and 54.35%, respectively. This model was also utilized to assess how the test extract affected the 

Table 1 Preliminary Phytochemical Screening Test Results of Maesa lanceolata Leaf Extracts

Phytochemicals Tests MEML NHF EAF RAQF

Alkaloids Wagner’s test + + + +

Flavonoids Alkaline reagent test + - + -
Cardiac Glycosides Keller-Kiliani test + + + -

Phenols Ferric chloride test + + + +

Saponins Foam test + - - +
Steroids Salkowski’s test - - - -

Tannins Braymer’s test + + + +

Terpenoids Salkowski’s test + - + +

Abbreviations: MEML, methanol extract of fraction of Maesa lanceolata; NHF, n-hexane fraction; EAF, ethyl acetate fraction; RAQF, residue aqueous fraction; 
(+), present; (-), absent.
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weight of wet and overall fresh feces. The activity was significant at doses of 200 mg/kg and 400 mg/kg (p<0.001) in 
reducing the number of wet feces as well as the total weight of all fresh feces. The extract had no significant difference 
from the negative control at 100 mg/kg. At test doses of 100 mg/kg, 200 mg/kg, and 400 mg/kg, the percent reduction in 
weight of fecal output was similarly reduced, with 20.88%, 36.26%, and 54.95%, respectively (Table 2).

Effects of Crude Extracts on Castor Oil-Induced Enteropooling
Studies on the current model showed that the test crude of Maesa lanceolata extract at 200 mg/kg (p<0.05) and 400 mg/ 
kg (p<0.001) significantly decreased the intraluminal volume of fluid buildup when compared to the negative control. On 
the other hand, the activity of the test extract was not statistically significant at 100 mg/kg. The maximal percentage 
inhibition of the volume of intestinal content was measured at a dose of 400 mg/kg of the test extract (42.82%). In line 
with this, at 200 mg/kg (p<0.05) and 400 mg/kg (p<0.001), the test extract significantly decreased the weight of intestinal 
contents in comparison to the negative control. The percentage inhibition in the weight of intestinal content at these 
corresponding doses was calculated to be 25.56% and 48.89%, respectively (Table 3).

Effects of Crude Extracts on Gastrointestinal Motility
The results showed that the marker’s distance was significantly decreased by all three doses of the extract at 100, 200, 
and 400 mg/kg (p<0.01). In mice administered extracts of 100 mg/kg, 200 mg/kg, and 400 mg/kg, the peristalsis index of 
the marker was 42.72%, 33.92%, and 28.96%, respectively. When groups of animals were given 100, 200, and 400 mg/ 
kg crude extract, the mean percent inhibition of charcoal meal propulsion was 38.45%, 51.12%, and 58.27%, respec
tively. When compared to the positive control, the test extracts at 200 mg/kg and 400 mg/kg had comparable effects. 
However, for 100 mg/kg, no statistically significant difference was observed (Table 4).

Table 2 Effects of 80% Methanol Extract of Maesa lanceolata on Castor Oil- 
Induced Enteropooling

Groups MVSI (mL) % Inhibition MWSI (g) % Inhibition

TW210 0.65±0.02 – 1.08±0.013 –

Lop3 0.26±0.0141c,3c,4a 59.49 0.88±0.0121c,3b,4a,5a 63.89
MEML100 0.58±0.021b 10.26 1.03±0.021a 13.89

MEML200 0.57±0.011b,3a 12.31 1.01±0.011a,3c 25.56

MEML400 0.37±0.021c,3b,4a 42.82 0.93±0.031c,3c,4b 48.89

Notes: The data are presented as mean ± SEM (n=6) and analyzed using a one-way ANOVA with a Tukey 
post hoc test; 1, against TW210; 2, against Lop3; 3–5, against MEML extracts. aP<0.05, bP<0.01, cP<0.001. 
Abbreviations: TW210, Tween 2% 10mg/kg; Lop3, Loperamide 3mg/kg; MEML, 80% methanol leaf 
extract of Maesa lanceolata; MVSI, Mean volume of small intestine; MWSI, Mean weight of small intestine.

Table 3 Effects of 80% Methanol Extract of Maesa lanceolata on Gastrointestinal 
Motility

Groups Length of SI DTCM Peristaltic Index % Inhibition

TW210 58.33±0.40 40.50±1.26 69.40±1.88 –
Atrop5 59.00±0.59 15.33±0.721c,3c,4b,5a 25.96±1.041c,3c,4c 62.59

MEML100 57.833±0.69 24.67±1.23 42.72±2.331a 38.45

MEML200 57.000±0.34 19.33±0.761c,3b 33.92±1.321b,3b 51.12
MEML400 57.667±0.70 16.67±0.721c,3c,4a 28.96±1.41c,3c 58.27

Notes: The data are presented as mean ± SEM (n=6) and analyzed using a one-way ANOVA with a Tukey 
post hoc test; 1, against TW210, 2, against Atrop5, 3–5, against MEML extracts. aP<0.05, bP<0.01, cP<0.001. 
Abbreviations: TW210, Tween 2% 10mg/kg; Atrop5, Atropine 5mg/kg; MEML, 80% methanol leaf extract 
of Maesa lanceolata; DTCM, distance traveled by charcoal meal; SI, Small intestine.
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Effects of the Solvent Fractions on Gastrointestinal Motility
Solvent fractions were effective at slowing intestinal motility in the small intestinal transit test. When compared to the 
negative control, the ethyl acetate fraction significantly slowed the gastrointestinal transit time of charcoal meal at 
100 mg/kg (37.4%, p<0.001), 200 mg/kg (47.67%, p<0.001), and 400 mg/kg (53.68%, p<0.001).

On the other hand, at 100 mg/kg and 400 mg/kg, the activity of the n-hexane fraction did not differ substantially from 
that of the negative control. However, at 400 mg/kg, it drastically decreased gastrointestinal motility (23.37%, p<0.01). 
When compared to the negative control, the residual aqueous fraction activity on gastrointestinal motility was significant 
at 200 mg/kg (21.12%, p<0.05) and 400 mg/kg (32.74%, p<0.001) (Table 5).

Effects on in vivo Antidiarrheal Index
Combining the purging frequency or decrease in the quantity of wet stools, the delay in defecation time, and the decrease 
in gastrointestinal meal travel, the test extract’s in vivo antidiarrheal index was calculated. The ADI values were 26.8, 
47.37, and 56.07 at test dosages of 100 mg/kg, 200 mg/kg, and 400 mg/kg, respectively. These results showed that the 
extracts of Maesa lanceolata had significant antidiarrheal properties, with 400 mg/kg showing the strongest antidiarrheal 
properties (Figure 1).

Table 4 Effects of the Solvent Fractions of Maesa lanceolata Leaves on Gastro-Intestinal Motility

Groups ELSI DTCM Peristaltic Index % Inhibition

TW210 57.33±0.72 41.33±2.22 72.11±3.88 –
Atrop5 58.00±0.37 16.25±0.501c,3c,4c,5a,7b,10c,11b 28.02±0.861c,3c,4c,7a,10b,11b 61.14

DW10 57.58±0.63 42.67±1.17 74.08±1.68 –

NHF100 57.50±0.56 36.50±2.361a 63.66±4.561a,10a 11.72
NHF200 57.33±0.42 35.33±1.541c 61.67±2.831b 14.49

NHF400 56.67±0.88 31.33±1.471b,4a,6a,10b,11a 55.26±2.21b,3a,4a,6b,10a 23.37

EAF100 58.33±0.31 26.33±1.331c,3a 45.14±2.251c,3c,4b 37.40
EAF200 58.25±0.50 22.00±1.271c,3b,4a,10b 37.74±2.061c,3a,10a 47.67

EAF400 57.42±0.24 19.17±0.701c,3c,4c,5b,7a,10b,11a 33.40±1.331c, 3c,4c,5b,7a,10b,11a 53.68
RAQF100 57.51±0.51 36.67±2.043c 63.66±3.033a 14.06

RAQF200 57.33±0.43 33.58±3.271a,4a 58.44±5.311a,7a 21.12

RAQF400 55.67±0.67 27.75±2.541c,3b,4b,5a,10b 49.82±4.391c,3b,4b,7b,10b 32.74

Notes: The data are presented as mean ± SEM (n=6) and analyzed using a one-way ANOVA with a Tukey post hoc test; 1, against 
TW210; 2, against Atrop5; 3, against DW10; 4 to 6, against NHF; 7 to 9, against EAF; 10 to 12, against RAQF. aP< 0.05, bP < 0.01, 
cP<0.001. 
Abbreviations: TW210, Tween 2% 10mg/kg; Atrop5, Atropine 5mg/kg; DW10, Distilled water 10mg/kg; NHF, n-Hexane 
fraction; EAF, Ethyl acetate fraction; RAQF, Residue aqueous fraction; DTCM, Distance traveled by charcoal meal; ELSI, Entire 
length of small intestine.

Table 5 The Effects of the 80% Methanol Extract of Maesa lanceolata Leaves on the Castor Oil-Induced Diarrhea Model

Groups TOD TNFD TNWF WWF (g) TWFF (g) PIW PIDR PIDF

TW210 60.67±3.74 13.00±0.89 7.67±0.80 0.5±.03 0.91±0.06 – – –

Lop3 154±5.31c,3c,4b,5a 4.50±0.431c,3c,4c 2.0±0.261c,3c,4a 0.14±.01c,3b,4b 0.32±0.031c,3c,4a 64.80 73.91 65.38

MEML100 77.83±2.481a 10.33±0.49 6.33±0.421a 0.44±.031a 0.72±0.03 20.88 17.39 20.51
MEML200 98.50±2.681b,3a 8.33±0.331c,3b 5.17±0.401b,3a 0.41±.021a 0.58±0.021b,3a 36.26 32.61 35.90

MEML400 125.67±4.791c,3b,4a 5.83±0.601c,3c,4a 3.50±0.431c,3b 0.26±.0171c,3a,4a 0.41±0.041c,3b 54.95 54.35 55.13

Notes: The data are presented as mean ± SEM (n=6) and analyzed using a one-way ANOVA with a Tukey post hoc test; 1, against TW210; 2, against Lop3; 3 to 5, against 
MEML. aP< 0.05, bP < 0.01, cP<0.001. 
Abbreviations: TW210, Tween 2% 10mg/kg; Lop3, Loperamide 3mg/kg; MEML, 80% methanol leave extract of Maesa lanceolata; TOD, Time of onset of diarrhea; TNFD, 
total number of fecal drops; TNWF, total number of wet feces; WWF, Weight of wet feces; TWFF, total weight of all fresh feces; PIW, percent inhibition of weight; 
PIDF, percent inhibition of defecation; PIDR, percent inhibition of diarrhea.
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Discussion
This study examined the antidiarrheal efficacy of an 80% methanol leaf extract of Maesa lanceolata in tests for 
gastrointestinal motility, enteropooling, and motility after castor oil-induced diarrhea. According to the study’s findings, 
the plant extract possesses antidiarrheal properties in animal models.

Although the current medicinal plant is extracted using water as a solvent in the treatment of diarrhea in the 
traditional setup, the current investigation used 80% methanol as the solvent. Studies have demonstrated that hydroalco
holic solvent mixtures have a high extraction yield.25 Additionally, because methanol is naturally highly water soluble, 
a hydromethanol solvent mixture can be utilized to extract a variety of chemicals with varying polarity.41 Along with the 
previously mentioned factors, methanol also has the potential to inhibit the growth of pathogenic microorganisms (self- 
preservation), which enables the protection of the extract from contamination to some extent (70). Therefore, 80% 
methanol was employed in this study as the solvent for the first extraction of Maesa lanceolata leaves.

An acute oral toxicity test was performed to identify any potential side effects from a single dose of MEML to assess 
the plant’s safety profile. At a dose of 2 g/kg of the extract, there were no fatalities or acute toxicities, indicating that 
MEML has a larger safety margin and an LD50 value higher than 2 g/kg in mice. This outcome is likewise consistent 
with a test of acute oral toxicity performed previously on three male Swiss albino mice.42

Since many plants produce secondary metabolites with antidiarrheal activity in their tissues, it has become crucial to 
perform phytochemical screening. Alkaloids, tannins, flavonoids, phenols, saponins, terpenoids, and flavonoids are the 
primary secondary metabolites responsible for the antidiarrheal activity of medicinal plants.43 Their antisecretory, 
antispasmodic, or antimotility effects may be responsible for this. MEML tested positive for alkaloids, flavonoids, 
cardiac glycosides, phenols, saponins, tannins, and terpenoids in a preliminary qualitative phytochemical analysis. With 
the exception of saponins, all phytochemicals identified in the crude extract were likewise discovered in the ethyl acetate 
fraction. Alkaloids, phenols, saponins, tannins, and terpenoids were found in significant amounts in the residue’s aqueous 
fraction.

Alkaloids, cardiac glycosides, phenols, and tannins were all detected in the n-hexane fractions. The semipolar ethyl 
acetate fraction extracted more secondary metabolites than the other fractions. Castor oil is the substance that causes 
experimental diarrhea the most frequently.44 Na+/K+-ATPase, a vital intestinal enzyme, is needed for the intestinal 
absorption of water and electrolytes. Diarrhea may develop from any interference with or inhibition of this enzyme that 
increases intestinal fluid flow. By modifying the intestinal mucosa’s permeability to electrolytes, ricinoleic acid, 

Figure 1 Effect of Maesa lanceolata leaf extracts on the in vivo antidiarrheal index. 
Note: MEML = 80% methanol extract of Maesa lanceolata leaves.
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a component of castor oil, produces diarrhea by resulting in abnormal intestinal absorptive and secretory 
mechanisms.45,46 Because castor oil replicates pathophysiologic processes and enables the observation of quantifiable 
changes in feces quantity, consistency, intestinal motility, and fluid buildup, its use as a diarrhea inducer in all models is 
therefore feasible.

The crude extract was statistically significant in the evaluated parameters for the onset of diarrhea, the number of 
fecal drops, the number and weight of wet feces, and the overall weight of all fresh feces, as shown in Table 2. This 
model, the castor oil-induced diarrheal model, was used to evaluate the extract’s overall antidiarrheal activity. This 
considerable activity in castor oil-induced diarrhea was likely brought on by intestinal lipase enzyme activity, which 
prevented ricinoleic acid from being released and freed. As a result, the Na+/K+-ATPase’s normal absorptive capacity 
was indirectly restored, and there was a corresponding increase in the intestinal absorption of Na+ as well as other 
electrolytes and water. Numerous herbal extracts have been shown to improve the activities of Na+/K+-ATPase, which is 
followed by an apparent increase in intestinal absorption and a decrease in secretory capacity.47–49 Therefore, MEML 
may contain phytochemicals that have the ability to stimulate the Na+/K+-ATPase on the intestinal mucosa both directly 
and/or indirectly. Furthermore, ricinoleic acid causes localized intestinal mucosa irritation and inflammation, which 
causes the release of PG and an increase in the net secretion of water and electrolytes into the small intestine.50,51 It is 
indicated that prostaglandin biosynthesis inhibitors prolong the time of onset of diarrhea caused by castor oil.51,52

Another study revealed that the leaf extract of Maesa lanceolata has in vitro Cyclooxygenase 1 and 2 inhibitory 
activity.53 Previous research suggested that the antipyretic properties of the hydroethanolic extract of Maesa lanceolata 
were caused by interference with the biosynthesis of prostaglandins.27 These details support the hypothesis that MEML 
may reduce PG-induced electrolyte and water release by reducing prostaglandin synthesis.

The stimulation of the nitric oxide (NO) pathway is another potential mechanism by which ricinoleic acid causes 
diarrhea.48 Ricinoleic acid causes enhanced mucosal permeability, which is connected to an increase in intraluminal fluid 
collection and may be harmful to intestinal epithelial cells. As a defense mechanism against intestinal damage brought on 
by cytotoxins such as ricinoleic acid, nitric oxide is produced in reaction to these toxins.54 The finding that castor oil- 
induced intestinal fluid buildup and Na+ secretion in mice pretreated with NO synthase inhibitors are reduced55,56 

supports the theory that interfering with the NO pathway may be the mechanism behind the antidiarrheal effects of 
MEML. Previous research showed that Maesa lanceolata leaf extracts in various solvents significantly inhibited the 
formation of nitric acid.57,58 Therefore, it makes sense to make assumptions that the phytochemical components of 
MEML may have disrupted the NO pathway, reducing NO production and, consequently, intestinal fluid secretion.

It was important to suggest which mechanism (a reduction in intestinal motility and/or suppression of intestinal 
secretion) was responsible for this activity once MEML’s antidiarrheal activity was established. As a result, the MEML 
contributions to enteropooling caused by castor oil were assessed. A model was created to assess whether castor oil 
treatment for diarrhea induction would impede secretory elements in the gastrointestinal system. As shown in Table 3, the 
weight and volume of intestinal content were significantly reduced in this model compared to the negative control at 
200 mg/kg and 400 mg/kg. The results suggest that the benefits of MEML may be due to an increase in the absorption of 
electrolytes and/or a reduction in the intestine’s hypermotility, which may improve its capacity to retain fluids, a process 
comparable to that of loperamide. As a result, the presence of phytochemicals that promote the absorption of electrolytes 
and water by lowering castor oil-mediated effects may be responsible for the apparent decrease in enteropooling caused 
by castor oil in the crude extract.

To evaluate the effects of extracts on castor oil-induced gastrointestinal transit in mice, the gastrointestinal propulsion 
test by charcoal meal, or charcoal meal test, is used. In comparison to the negative control, all tested doses of MEML 
considerably reduced the propulsive movement or gastrointestinal transit of charcoal meal (p<0.001) (Table 4).

Peristalsis in the GI system is increased in cases of diarrhea, according to numerous studies.13,59,60 One of the 
mechanisms through which antidiarrheal drugs can work is by reducing GI peristalsis. For instance, the usual medication 
(atropine) employed in this trial inhibited the propulsive activity in the charcoal meal due to its anticholinergic action, 
lengthening intestinal transit time.61,62 This prolongs the period that nutrients remain in the colon, delaying the 
absorption of gastrointestinal contents. This may also increase the absorption of water and electrolytes, reducing the 
watery texture of diarrheal stools.63 Therefore, a reduction in the intestinal transit caused by castor oil may be caused by 
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the extracts’ anti-motility and antispasmodic qualities, which also contribute to the plant’s antidiarrheal effects. The 
similar percentages of motility inhibition between the 200 mg/kg and 400 mg/kg doses of the extract and atropine imply 
that the plant extract may exert its anti-motility effect in a manner similar to that of atropine.

The first model in this study showed that MEML has strong antidiarrheal activity based on the results from the three 
models. The plant extracts have anti-enteropooling activity, according to the second model (castor oil-induced enter
opooling), even if it was statistically insignificant at 100 mg/kg in all parameters. When compared to the negative control, 
the third-model charcoal meal test displayed statistically significant action at all doses. Atropine, the positive control, had 
effects that were comparable to those of the drug at 200 and 400 mg/kg (Table 4). Therefore, to evaluate the impact of 
different solvent fractions, the charcoal meal test was utilized.

EAF was shown to have stronger anti-motility activity among the fractions than the negative control (Table 5), and 
RAQF showed a statistically significant effect at 200 and 400 mg/kg. Only at 400 mg/kg did the anti-motility action of 
n-hexane become apparent. Alkaloids, flavonoids, phenols, and terpenoids are examples of apparently secondary 
metabolites found in the EAF that may contribute to the reported substantial activity of these plants, either independently 
or in concert with other plants.

The aqueous fraction also revealed anti-motility effects, which may be explained by its secondary metabolites, 
such as alkaloids, phenols, and terpenoids. The difference in the percentage of inhibition might be due to the 
concentration (amount) of the secondary metabolites available in both the aqueous solution and EAF. Additionally, 
the proportion of inhibition in all fractions rose as the test dose increased, supporting the ideas presented above. The 
variability in the distribution and quantity of the secondary metabolites is likely what causes the variation in rank 
order of potency.

Overall, the presence of secondary metabolites in this medicinal plant, including flavonoids, alkaloids, tannins, 
saponins, phenols, and terpenoids, may be the cause of the crude extract’s antidiarrheal actions. Alkaloids, flavonoids, 
tannins, saponins, phenols, and terpenoids all tested positive in this study’s MEML phytochemical screening test. Each of 
these phytochemicals works to alleviate diarrhea using a different mechanism.

Tannins inhibit fluid secretion by denaturing proteins and coating the surface of the intestinal mucus with a tannate 
complex, which increases mucus resistance to chemical changes and lowers secretion.64,65 They also reduce the 
intracellular Ca2+ inward current and facilitate the calcium pumping mechanism, which has a spasmolytic and relaxing 
impact on smooth muscle.62 Prostaglandin E2 synthesis and COX-2 expression, which are crucial components of 
inflammatory cascades, are inhibited by flavonoids.64 Additionally, through the activation of alpha 2-adrenergic receptors 
and inhibition of the inward calcium current, flavonoids generate anti-motility action (97). Terpenoids inhibit the release 
of prostaglandins and interfere with the peristaltic movements of the intestine.64,66 Intestinal secretion and motility are 
inhibited by phenols.64

Alkaloids may interfere with the peristaltic movement of the intestine, slowing down the absorption of electrolytes 
and water.67 Saponins also prevent the release of histamine.68

The combined effects of extracts for Dfreq (delay in diarrhea start), Gmeq (reduction in gut meal motility as% 
inhibition), and Pfreq (reduction in the amount of wet stools as% inhibition) are measured by the antidiarrheal index 
(ADI). The extract’s significant antidiarrheal action is indicated by its high ADI. The 400 mg/kg crude extract has the 
greatest antidiarrheal index (ADI), which suggests that it has a higher level of antidiarrheal activity than the other two 
test levels. The increase in the effect is likely due to the presence of phytochemical components (alkaloids, flavonoids, 
phenols, tannins, and terpenoids) in high concentrations, which may be responsible for the antidiarrheal activity.

Conclusions
According to the findings of the current investigation, the 80% methanol extract of Maesa lanceolata Forssk leaves has 
anti-diarrheal properties. Additionally, in the current study, the anti-motility activity of the three solvent fractions varied 
in strength, with the ethyl acetate fraction being the most active, followed by the aqueous fraction and the n-hexane 
fraction. The combined inhibitory effects on castor oil-induced gastrointestinal motility and fluid secretion were 
connected to the overall antidiarrheal activity of MEML. The anti-diarrheal effects could be caused by the existence 
of bioactive secondary metabolites, which can act singly or in combination to produce the overall anti-diarrheal effect. 
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With the alternative use of hydromethanolic solvents for the extraction of diarrheal medicines from the plant, this 
research supports the traditional use of the medicinal plant as an antidiarrheal agent.
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