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Background: Although diarrhea is a preventable disease, it continues to have a significant impact on global health, with the burden being much greater in Sub-Saharan Africa. Medicinal plants represent affordable and locally available resources to address many diseases, including diarrhea. Thus, this study aimed to investigate the antidiarrheal activities of the 80% hydromethanolic crude extract and solvent fractions of Terminalia brownii Fresen (Combretaceae) leaves in Swiss Albino mice.Methods: This study was carried out by administering the 80% hydromethanolic crude extract and solvent fractions from the crude extract, including the n-hexane fraction (NHF), ethyl acetate fraction (EAF), and aqueous fraction (AF) at doses of 100 mg/kg, 200 mg/kg, and 400 mg/kg, respectively, to the mice. The effects of these extracts and solvent fractions on reducing/delaying diarrhea were compared with the impact of the solvent used for reconstitution and a standard drug (loperamide 3 mg/kg or atropine 5 mg/kg), as well as with each other.Results: The hydromethanolic crude extract and ethyl acetate fraction at all tested doses significantly reduced wet defecation (P < 0.05). In addition, total defecation was significantly reduced at a dose of 200 mg/kg (P < 0.05) and 400 mg/kg (P < 0.001) of the crude extract and ethyl acetate fraction at all tested doses (P < 0.01. The aqueous fraction at 200 mg/kg and 400 mg/kg and the n-hexane fraction at 400 mg/kg (P < 0.05) significantly inhibit wet and total defecation. Likewise, in the enteropooling test, the crude extract and ethyl acetate fractions showed a significant reduction in the weight and volume of intestinal contents at a dose of 200 mg/kg (P < 0.05) and 400 mg/kg (P < 0.05). Castor oil-induced intestinal motility was significantly reduced (p < 0.001) by the crude extract and ethyl acetate fractions at all tested doses.Conclusion: The result from this study suggests significant antidiarrheal activity of Terminalia brownii leaves, which validates its traditional use. The 80% hydromethanolic crude extract and ethyl acetate solvent fractions of Terminalia brownii Fresen leaves have shown better antidiarrheal activity.Keywords: antidiarrheal activity, Terminalia brownii Fresen, Combretaceae, hydromethanolic crude extract, castor oil-induced diarrhea
INTRODUCTION
Diarrhea is a common health problem worldwide, with approximately 2 billion cases of diarrheal disease occurring each year, predominantly affecting children, and resulting in 1.7 billion episodes of childhood diarrhea annually (Collaborators and Ärnlöv, 2020; Black et al., 2019). Diarrhea involves a decrease in absorption, increased fluid secretion, and an increase in the motility of the intestinal tract, resulting in a loss of electrolytes (sodium, chloride, potassium, and bicarbonate) in the liquid stool and, in many cases, dehydration and death (Riddle et al., 2016). In addition to causing death, diarrheal diseases impair normal food intake and nutrient absorption, resulting in malnutrition, which can have long-term consequences such as impaired growth, cognitive development, and increased susceptibility to chronic diseases. Children who are malnourished, on the other hand, have a higher frequency and longer duration of diarrheal illnesses (Guerrant et al., 2013).
Antidiarrheal drugs are grouped into several categories, including antimotility agents, adsorbents, antisecretory compounds, antibiotics, and intestinal microflora. These drugs may have a specific effect, such as when antibiotics are used to treat secretory diarrheas due to enterotoxigenic bacteria, or they may have a non-specific antidiarrheal effect. These non-specific effects may involve pharmacological actions on intestinal transit, intestinal transport, or stool viscosity that result in symptomatic improvement. Usually, these drugs are not curative but palliative (Trevor, 2017; Schiller, 1995; DiPiro et al., 2014).
Despite advances in understanding and management, diarrhea disease remains one of the leading causes of death in developing countries such as Ethiopia (Alebel et al., 2018). Currently available antidiarrheal drugs can help relieve diarrhea symptoms, usually aimed at reducing the discomfort, dehydration, and inconvenience caused by frequent bowel movements. However, their clinical utilities are restricted by side effects, limited indications, and the development of drug resistance by pathogens (Khansari et al., 2013). Oral rehydration solution (ORS) is the cornerstone of management to prevent life-threatening dehydration associated with diarrhea. However, ORS is unable to reduce the volume, frequency, or duration of diarrhea, and it has been reported that ORS is not as widely used as it could be (Ma et al., 2022). Traditional medicinal plants are widely utilized and play a major part in primary healthcare delivery in Ethiopia in both rural and urban regions (Agidew, 2022). Diarrhea is one of the most prominent diseases treated by traditional medicinal plants in Ethiopia (Woldeab et al., 2018). In resource-limited areas like Ethiopia, the WHO (Organization, 2017) has supported studies relevant to the treatment and prevention of diarrheal diseases using traditional medical practices (Organization, 2017).
An ethnobotanical study conducted on the leaves of the Terminalia brownii Fresen has shown its claimed use in treating diarrhea, liver disease, and gastric ulcers in different parts of Ethiopia (Kewessa et al., 2015; Belayneh and Bussa, 2014; Degu et al., 2022). Previous ethnopharmacological investigations conducted on the Terminalia brownii Fresen plant leaf extract have demonstrated different pharmacologic activities, which could be the reason for its claimed antidiarrheal activity. The extract of Terminalia brownii Fresen leaves showed antibacterial activity against most microbes causing diarrhea (Mechesso et al., 2016). Additionally, methanol extracts from the leaves of this plant also revealed radical scavenging activity (Teshome et al., 2015), analgesic activity (Periasamy et al., 2015), and antioxidant properties (Sintayehu et al., 2017), suggesting that the claimed antidiarrheal activity of the extract could be attributed to the inhibition of castor oil-induced prostaglandin synthesis. Furthermore, diarrhea is believed to impair the intestinal antioxidant defense system and induce other oxidative stress disorders. The antioxidant activity and radical scavenging activities of the extract may be responsible for its claimed antidiarrheal action (Ma et al., 2022).
For the reasons listed above, the present study aimed to evaluate the antidiarrheal activity of the leaves of Terminalia brownii Fresen extracts using different diarrheal model and determine whether the traditional medicinal use has a scientifically justified basis, as well as to provide an alternative source for developing new antidiarrheal drugs.
MATERIALS AND METHODS
Chemicals and reagents
Castor oil, (Amman Pharmaceutical Industries, Jordan), loperamide (Medochemie Ltd., Cyprus), distilled water (University of Gondar Teaching Specialized Hospital, Ethiopia), methanol (Alpha Chemika, India), activated charcoal (Acuro Organics Ltd., New Delhi), n-hexane (Central Drug House Ltd. India), ethyl acetate (Central Drug House Ltd. India), atropine sulfate (Humanwell Pharmaceutical PLC, Ethiopia), chloroform (CARLO ERBA, Reagents, SAS, France), Tween 80 (Atlas Chemical Industries, India), sulfuric acid (HiMedia Laboratories Pvt. Ltd.), hydrochloric acid (Blulux Laboratories Ltd., India), ferric chloride (HiMedia Laboratories Pvt. Ltd.) glacial acetic acid (Alpha Chemika, India), Mayer’s reagents (Research Lab Fine Chem Industries, India), Wagner’s reagents (Research Lab Fine Chem Industries, India), and sodium hydroxide (Qualichem Laboratories Ltd., India).
Plant material
Fresh leaves of Terminalia brownii Fresen were collected from nearby Hara Town, around farmland in the Guba Lafto District, Amhara National Regional State, 425 km from the city of Gondar on 03 January 2023. They were transported by wrapping them in a plastic bag. The leaves were identified and authenticated by the botanist at the University of Gondar, Mr. Getnet Chekole. A voucher specimen (number 01/KI/2023) was deposited in the herbarium of the Department of Biology, University of Gondar, for future reference.
Experimental animals
Healthy Swiss Albino mice of either sex, weighing 25–30 gm and aged 8–12 weeks, were used. The animals were obtained from the animal house of the Department of Pharmacology, School of Pharmacy, University of Gondar. All animals were housed in plastic cages at room temperature in an air-conditioned room with a 12-hour light/dark cycle and had access to pellet diet and clean water ad libitum throughout the experimental period. Before starting any experiment, animals were allowed a 1-week acclimatization period to the experimental environment, and all the experiments were carried out according to the internationally accepted laboratory animal care and use guidelines (Care IoLARCo and Animals UoL, 1986). The protocol was approved by the Ethics Review Committee of the Department of Pharmacology with reference number (SOP4/50/2015).
Plant extraction
The leaves of Terminalia brownii Fresen were rigorously washed with tap water, dried in the shade, and extracted.
Hydromethanolic crude extraction (80% methanol), MeOH
One thousand grams of powdered leaves were measured and acquired using a digital balance (EPH 00 Abron Exports). The 1,000 g powder was cold macerated in three equal-sized Erlenmeyer conical flasks, with a total of 6 L of 80% hydromethanol (1:6). It was left for 3 days with occasional shaking before being filtered through gauze and then Whatman No. 1 filter paper on day 4. The residue in each macerating flask was remacerated twice with 1 L of 80% hydromethanol in each Erlenmeyer conical flask, for a total of 3 L (1:3). The filtrates, on the other hand, were combined and concentrated using a rotary evaporator (Yamato Scientific Co. Ltd., Japan) set at 40°C, after which the concentrate was frozen in a deep freezer overnight. The water content of the frozen filtrate was then removed by lyophilization within a vacuum freeze dryer (Lab Freeze Instruments Group, Ltd., Germany). Finally, the dried filtrate was well packed in an air-tight container and refrigerated at 4°C until use.
Solvent fractions
Solvent fractionation was carried out after taking 60 g of the 80% hydromethanolic crude extract from the leaves. N-hexane, ethyl acetate, and distilled water were the solvents used for fraction preparation. The crude extract was first dissolved in a 1,000 mL glass beaker with 250 mL of distilled water, then an equivalent volume of n-hexane was added, and then the bulk solution was transferred to a separating funnel and stirred occasionally for a few hours until a clear layer appeared. The upper layer (n-hexane) was filtered. The residue was remacerated twice more with the same volume of n-hexane and in the same manner as the described above. The filtrate fractions were then mixed to form the n-hexane fraction (NHF) and subjected to evaporation using a rotary evaporator (Yamato Scientific Co. Ltd., Japan) set at 40°C, and then the filtrate was placed in an oven at 40°C for 1 week to remove the remaining solvent. The second solvent (250 mL), ethyl acetate, was added to the separating funnel containing aqueous residue and repeated in the same manner as n-hexane. The ethyl acetate layer was then separated from the residue, which was the upper portion of the mixture, and used as the ethyl acetate fraction (EAF). It was then subjected to evaporation and placed in an oven at 40°C similar to n-hexane. The final residue was used as an aqueous fraction (AF) (Zayede et al., 2020). The AF was lyophilized to remove water; after drying, the solvent fractions were stored in an air-tight container in a refrigerator until further use for the evaluation of the antidiarrheal activity and phytochemical constituent. The yield of both the crude extract and solvent fraction was calculated according to the following formula.
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Acute oral toxicity
An acute oral toxicity test was performed based on the Organization for Economic Cooperation and Development guideline number 425. The limit test was performed using five healthy, non-pregnant, nulliparous female Swiss Albino mice as per the protocol. The mice were kept for a week before dosing to acclimatize to the environment and then fasted for 4 h from food but had normal access to water. The doses were calculated according to the fasted body weight. Primarily, one mouse was given the limit dose of 2,000 mg/kg via oral gavage, and food was withheld for a further 2 h after administration. Based on the outcome of the first animal in the 24-hour follow-up, four additional animals were sequentially dosed at 2,000 mg/kg so that a total of five animals were tested. Animals were observed continuously during the first 30 min after dosing, periodically during the first 24 h (with special attention given during the first 4 h), and daily thereafter, for a total of 14 days.
Grouping and dosing of animals
In all three experimental models, Swiss Albino mice were randomly assigned into five groups, each group consisting of six mice. Group I (negative control) mice were given the vehicle at a volume of 10 mL/kg body weight (distilled water for the control group in the 80% hydromethanolic crude extract and aqueous fraction test or 2% Tween 80 in distilled water for the control group in the n-hexane and ethyl acetate fraction test). Group II served as the positive control and was treated with standard drugs (loperamide for castor oil-induced diarrhea and enteropooling and atropine sulfate for the gastrointestinal motility test), and depending on the results of the acute toxicity study, three different doses (100, 200, and 400 mg/kg) of the 80% hydromethanolic extract and solvent fractions of Terminalia brownii Fresen were tested orally on groups III, IV, and V of mice, respectively. The middle dose (200 mg/kg) is one-tenth of the dose used during the acute toxicity study; the low dose (100 mg/kg) is half of the middle dose; and the high dose (400 mg/kg) is twice the middle dose, based on OECD guidelines (No, 2008).
Determination of antidiarrheal activity
Castor oil-induced diarrhea
The castor oil-induced diarrhea model was carried out as per the method described by Umer et al. (2013). In this experiment, 30 Swiss Albino mice were fasted for 18 h and divided into five groups, with six animals in each group. After 1 h of administration of the respective treatment dosages, as stated in the grouping and dosing section, the mice were given 0.5 mL of castor oil and housed separately in distinct plastic cages, where the floor was lined with transparent paper. The paper was changed every hour for a total of 4 h. During a 4-hour observation period, the onset of diarrhea, frequency of defecation (wet and total), and the weight of fecal output (wet and total feces in grams) were recorded for each mouse. The percentage of diarrheal inhibition and percentage inhibition of defecation were determined according to the following formulas (Tadesse et al., 2014).
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Castor oil-induced enteropooling
The method followed by Sisay et al. (2017) was used in this study. Thirty mice, divided into five groups, were deprived of both food and water for 18 h and treated as stated in the grouping and dosage section. After 1 h of treatment, 0.5 mL of castor oil was administered, and animals were euthanized by cervical dislocation 1 h following castor oil administration. The abdomen of each animal was then opened; the small intestine was ligated at both the pyloric sphincter and the ileocecal junction and carefully dissected out. Each small intestine was weighed on an electrical balance, after which the contents of the intestine were milked into a graduated tube, and the volume of the fluid was recorded. The empty intestine was then reweighed, and the difference between full and empty intestines was calculated. The percentage of reduction in intestinal contents in terms of volume and weight was estimated relative to the negative control using the following formulas.
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where MVICC is the mean volume of the intestinal content of the control group and MVICT is the mean volume of the intestinal content of the test group.
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where MWICC is the mean weight of the intestinal content of the control group and MWICT is the mean weight of the intestinal content of the test group.
Castor oil-induced gastrointestinal motility
The gastrointestinal motility test was evaluated according to the method described by Tadesse et al. (2017). Thirty Swiss albino mice of either sex were fasted for 18 h with free access to water, and later, they were divided and treated as described earlier. An hour later, 0.5 mL of castor oil was administered via oral gavage, followed by the administration of 1 mL of 5% charcoal suspension in distilled water 1 h after castor oil treatment. The animals were then euthanized by cervical dislocation 30 min after a charcoal meal, and the small intestine was dissected out from pylorus to cecum. The distance traveled by the marker and the total length of the intestine were then measured. The peristaltic index and percentage of inhibition were calculated using the following formulas.
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where PIC is the peristaltic index of the control and PIT is the peristaltic index of the test group.
In vivo antidiarrheal index
The in vivo antidiarrheal index (ADI) (Sintayehu et al., 2017) of the 80% hydromethanolic crude extract, solvent fraction, and standard drug was determined according to the following formula developed by Than et al. (1989):
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where Dfreq is the delay in defecation time as a percentage of the negative control, Gmeq is the gut meal travel reduction as a percentage of the negative control, and Pfreq is the reduction in purging frequency in the number of wet stools as a percentage of the negative control.
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Preliminary phytochemical screening
The qualitative phytochemical investigations of the hydromethanolic crude extract and solvent fractions of Terminalia brownii Fresen leaves were conducted according to standard chemical tests reported elsewhere (Degu et al., 2016).
Ethical clearance
After the approval of the proposal by the Graduate Committee of the Department of Pharmacology, an ethical approval letter was obtained from the Department of Pharmacology with a reference number (SOP4/50/2015).
Statistical analysis
The results of the experiment were expressed as the mean ± standard error of mean, and comparisons were made between the negative control, positive control, and treatment groups of various doses using one-way analysis of variance (ANOVA), followed by Tukey’s post-hoc test with statistical package for the social sciences (SPSS) version 26. All data were analyzed at a 95% confidence interval, and P-values less than 0.05 were considered statistically significant.
RESULTS
Acute toxicity study
In the oral acute toxicity test using the limit dose of 2,000 mg/kg body weight, the 80% hydromethanolic leaf extract of Terminalia brownii Fresen was found to be safe as there was no mortality or signs of overt toxicity noted in the 14-day observation of the mice.
Phytochemical test
The MeOH crude extracts and solvent fractions of Terminalia Brownii Fresen leaves were screened for the possible presence or absence of phyto-constituents (Table 1). Alkaloids and anthraquinones were not detected in both crude extract and solvent fractions. Tannins, saponins, flavonoids, terpenoids, phenols, and glycosides were present in the crude extract and solvent fractions. The EAF concentrated most of the possible presence of secondary metabolites.
TABLE 1 | Preliminary phytochemical screening results of the 80% hydromethanolic extract and solvent fractions of Terminalia brownii Fresen leaves.
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Effects on castor oil-induced diarrhea in mice
The 80% hydromethanolic crude extract of the leaves of Terminalia brownii Fresen exhibits antidiarrheal activity by significantly delaying the onset of diarrhea at doses of 200 mg/kg and 400 mg/kg. It was also found to significantly reduce the number of wet defecations, weight of wet feces at all tested doses, frequency of total defecation, and weight of total feces at 200 mg/kg and 400 mg/kg doses of the extract. However, no apparent difference was observed for MeOH (100 mg/kg) in reducing the frequency and weight of wet faces and prolongation in diarrhea onset compared with the negative control (Table 2).
TABLE 2 | Antidiarrheal effects of the 80% hydromethanolic crude extract and solvent fractions of Terminalia brownii Fresen leaves on castor oil-induced diarrhea model in mice.
[image: Table 2]Among these solvent fractions, the EAF significantly reduced wet defecation and total defecation at 100 mg/kg (p < 0.05), 200 mg/kg (p < 0.001), and 400 mg/kg (p < 0.001). The percentage of diarrheal inhibition obtained from the EAF test compared to the negative control was 30.89%, 50.87%, and 60.04% at 100 mg/kg, 200 mg/kg, and 400 mg/kg doses of the fraction, respectively. The EAF also showed a significant reduction in the weight of both wet and total fecal output at 100 mg/kg (p < 0.05), 200 mg/kg (p < 0.001), and 400 mg/kg (p < 0.001). The onsets of diarrhea were also prolonged significantly at doses of 200 mg/kg (p < 0.05) and 400 mg/kg (p < 0.01) but not at 100 mg/kg dose of the fraction.
Effects on castor oil-induced enteropooling
As shown in Table 4, in this model, administration of the crude extract and solvent fraction resulted in a significant reduction in both the volume of the intestinal content and the weight of intestinal content compared to the negative control. The hydromethanolic crude extract of Terminalia brownii leaves at the dose of 200 mg/kg (p < 0.05) and 400 mg/kg (p < 0.01) significantly reduced the volume of fluid accumulation in the intestine, with percentage inhibitions of 37.87% and 45.45%, respectively, compared with the negative control.
Regarding solvent fractions, the EAF significantly reduced intestinal volume accumulation and weight of intestinal contents at 200 mg/kg (p-value <0.05) and 400 mg/kg (p-value <0.05). The highest inhibition of both intestinal volume and weight of intestinal content was observed at 400 mg/kg of the EAF (43.79% and 42.28%, respectively).
Effects on castor oil-induced intestinal motility in mice
In this model, the crude extract at all tested doses retarded the intestinal motility of charcoal meal relative to the negative control group, and the results were statistically significant (p < 0.001). The percentage reduction in intestinal motility was 37.16%, 49.20%, and 53.06% at the doses of 100, 200, and 400 mg/kg of the extract, respectively, while the standard drug atropine produced significant inhibition of 70.47% (p < 0.01) in intestinal motility compared with the negative control. Regarding the activity of solvent fractions, the EAF showed a significant reduction of intestinal transit of the charcoal meal at all tested doses relative to the negative control (p < 0.001) with percentage inhibitions of 46.13%, 53.25%, and 59.29% at 100 mg/kg, 200 mg/kg, and 400 mg/kg, respectively.
In vivo antidiarrheal index
To demonstrate the combined effect of the models discussed above, the in vivo antidiarrheal index of the crude leaf extract and solvent fraction of Terminalia brownii Fresen was computed by combining three parameters, namely, percentage delay in defecation (time of onset, Dfreq), percentage gut meal travel distance (Gmeq), and percentage purging frequency in the number of wet stools (Pfreq) correction; As shown in Table 5, 34.66%, 64.28%, and 74.01% were recorded as in vivo ADI for 100, 200, and 400 mg/kg doses of hydromethanolic crude extract, respectively. The highest in vivo antidiarrheal index was observed by the standard drug (88.18%).
From solvent fractions, the maximum dose of each fraction showed the highest antidiarrheal index. The EAF showed ADI values of 39.81%, 66.59%, and 80.37% for 100 mg/kg, 200 mg/kg, and 400 mg/kg, respectively. The AF showed ADI values of 21.38%, 41.93%, and 55.24% for 100 mg/kg, 200 mg/kg, and 400 mg/kg, respectively, and NHF showed 12.55%, 24.00%, and 36.49% for 100 mg/kg, 200 mg/kg, and 400 mg/kg, respectively.
DISCUSSION
The present study aimed to evaluate the antidiarrheal activity of the 80% MeOH-E and solvent fractions of Terminalia brownii Fresen leaves using different experimental models of diarrhea in mice. In all models, diarrhea was induced by administering castor oil to each mouse (Oghenesuvwe et al., 2018). In the first castor oil-induced diarrhea model, MeOH-E has shown a significant effect on all parameters measured, as evidenced by a significant prolongation of the onset of diarrhea (200 mg/kg and 400 mg/kg), a significant reduction of wet defecation at all tested doses, and total defecation (200 and 400 mg/kg) compared to the negative control. In addition, the crude extract showed a significant decrement in the weight of wet feces at all tested doses. The two higher doses of the extract (200 mg/kg and 400 mg/kg) also significantly reduced the weight of total feces compared to the negative control. However, the lower dose (100 mg/kg) showed no significant reduction in the weight of total feces and prolongation of the onset of diarrhea. The results of this investigation suggested that wet defecation was more effectively suppressed when the test extract dose was increased, which could be related to the test extract’s antisecretory and antimotility properties (Mekonnen et al., 2018).
Regarding the solvent fractions, the EAF showed the utmost activity in most of the parameters of this model (except the onset at the lower dose) relative to the negative control, followed by the AF, which significantly reduced both wet and total defecations at the medium and higher doses of the fractions and significantly reduced the weight of wet and total feces and the prolongation of the diarrhea-free period at 400 mg/kg.
The inhibition of the assessed diarrheal parameters (onset of diarrhea, wet defecation, total defecation, and weight of feces) might have been because of active medium polar and polar secondary metabolites, which are attracted to the EAF, MeOH-E, and AF both in quality and quantity (Zayede et al., 2020). This might explain the impact of the crude extract, EAF at all doses, and AF at 200 mg/kg and 400 mg/kg on delaying or reducing diarrhea. The lack of NHF’s activity at all three doses in delaying the onset of diarrhea and its minimal activity on other parameters in this model may be attributed to the presence of less active non-polar secondary metabolites (Mengistu et al., 2015).
The study further investigated anti-enteropooling effect of the plant using castor oil-induced enteropooling to explore any potential antisecretory activity (Whyte and Jenkins, 2012). As shown in Table 1, both intestinal volume and weight of intestinal content were significantly inhibited at 200 mg/kg and 400 mg/kg of the hydromethanolic crude extract compared to the negative control, respectively. Among solvent fractions, the EAF showed significant activity in both reducing intestinal volume and weight of intestinal contents at the middle and higher dose levels, while both the NHF and AF showed significant activity at higher doses (400 mg/kg). The pronounced inhibition of castor oil-induced intestinal fluid accumulation in the EAF could be related to the presence of many active phytochemical constituents, as shown in Table 3, both in quality and quantity in the EAF, which may work individually and synergistically to inhibit diarrhea (Ayalew et al., 2022).
TABLE 3 | Effects of the 80% hydromethanolic crude extract and solvent fractions of Terminalia brownii Fresen leaves on gastrointestinal fluid accumulation in mice.
[image: Table 3]The result from the enteropooling model indicates that the antidiarrheal activity of the current plant extract may work by inhibiting intestinal secretion produced by ricinoleic acid, which causes irritation and inflammation of the intestinal mucosa, leading to prostaglandin release, which, in turn, provokes the stimulation of secretion, thereby preventing the reabsorption of sodium chloride and water (Pierce et al., 1971).
Phytochemical constituents revealed in the current plant may be related to the extract’s anti-enteropooling activity. Nitric oxide production is known to be decreased by the presence of phytochemicals such as flavonoids, terpenoids, and steroids (Adela et al., 2022). Cystic fibrosis transmembrane conductance regulator (CFTR) protein, which transports chloride ions from epithelial cells to the lumen, thereby increasing secretion, is significantly upregulated by castor oil (Guo et al., 2022). On the other hand, tannins present in the current plant extract inhibit CFTR or calcium-activated channels, thereby decreasing secretion in the small intestine and colon (Soares et al., 2020). Terpenoids have anti-inflammatory properties, which may be attributed to their ability to inhibit the production of prostaglandin E2 (Prakash, 2017). Phenols have antioxidant activity by neutralizing free radicals, which may involve the inhibition of inflammation, thereby reducing secretion (Alemu et al., 2022).
The third model used to investigate the antidiarrheal activity of Terminalia brownii Fresen was castor oil-induced gastrointestinal motility using a charcoal meal test (Sunil et al., 2019). As shown in Table 4, the charcoal meal transited much of the total length of the small intestine (85.43%), indicating an increased level of peristalsis in the negative control group. The hydromethanolic crude extract at all tested doses retarded the intestinal transit of the charcoal meal (p < 0.001); the highest percentage inhibition by extracts was seen at 400 mg/kg, and the standard drug produced 70.47% percentage inhibition, which is higher than the test extracts.
TABLE 4 | Effects of the 80% methanolic crude extract and solvent fractions of Terminalia brownii Fresen leaves on gastrointestinal motility in mice.
[image: Table 4]Among solvent fractions, the EAF showed significant activity at all tested doses in reducing intestinal motility and peristalsis index relative to the negative control. It was also shown that the AF at doses of 200 mg/kg and 400 mg/kg significantly reduced gastrointestinal distance traveled by the charcoal meal in mice compared with the negative control, whereas the NHF showed a significant difference only at the higher dose of 400 mg/kg (p < 0.05). This could be due to the lack of active phytochemicals in the NHF, such as tannins and phenols, and the possible presence of terpenoids and flavonoids at 400 mg/kg, whereas the pronounced effect in the EAF and AF could be due to the presence of many active phytochemicals, such as flavonoids, tannins, phenols, terpenoids, steroids, and saponins, which might work individually or synergistically (Mekonnen et al., 2018).
The standard drug atropine has an antispasmodic response by inhibiting the cholinergic effect, which promotes sodium chloride and fluid secretion, as well as gastrointestinal motility (Salako et al., 2015). Thus, the current extract could have resulted from its antimotility activity by the atropine-like effect. Another way in which the extract might have reduced motility is by the stimulation of opioid receptors, which inhibits the release of acetylcholine like loperamide (Gerring, 1989). The stimulation of the intestine by alpha-two adrenergic agents such as enkephalins and somatostatins and agents that antagonize the action of prostaglandins in the intestine results in the reduction of peristaltic activity and increased gastrointestinal absorption, which could be other possible mechanisms of the current plant extract (Teferi et al., 2019).
The antidiarrheal index is a method for calculating the cumulative effects of antidiarrheal parameters such as decreased intestinal motility, the delayed onset of defecation, and a reduction in the number of wet stools (Sisay et al., 2017) The higher the ADI value, the greater the effectiveness of the extract in the treatment of diarrhea (Prasad et al., 2014). As shown in Table 5, ADI values were increased with higher doses of the extracts and fractions. The highest ADI value was produced by the EAF at 400 mg/kg dose, which reached 80.37%, followed by the hydromethanolic crude extract at the same dose level (74.01%) and then AF (55.24%). The n-hexane fraction showed the lowest ADI value (36.49%) at the same dose level. The finding showed higher anti-diarrheal activity by the standard drugs, then following the standard drugs the EAF and crude extract produce higher anti-diarrheal activity at their higher dose; however it is not superior to the standard drugs (such as atropine and loperamide) (Alemu et al., 2022). Similar findings have been reported by other studies, where the highest dose produced the largest ADI value (Tadesse et al., 2017; Teferi et al., 2019; Zayede et al., 2020).
TABLE 5 | In vivo antidiarrheal index of the 80% hydromethanolic crude extract and solvent fractions of Terminalia brownii Fresen leaves.
[image: Table 5]CONCLUSION
According to the results obtained from the current study, the hydromethanolic crude extract and solvent fractions of Terminalia brownii Fresen leaves exhibit antidiarrheal activity, possibly through antimotility effects and the inhibition of fluid secretion. The antidiarrheal effect of the plant extract might be due to the presence of secondary metabolites identified in the extract. The findings suggest that extraction using hydromethanol (through the cold maceration technique) and fractionation using ethyl acetate were found to be more effective compared to other solvents. As a result, the present findings provide scientific evidence for the traditional use of the plant in the treatment of diarrhea.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The animal study was approved by the Graduate Committee of the Department of Pharmacology, University of Gondar, with reference number (SOP4/50/2015). The study was conducted in accordance with the local legislation and institutional requirements.
AUTHOR CONTRIBUTIONS
KK: conceptualization, data curation, formal analysis, funding acquisition, investigation, methodology, project administration, resources, software, supervision, validation, visualization, writing–original draft, and writing–review and editing. MM: conceptualization, data curation, formal analysis, investigation, methodology, project administration, software, supervision, validation, and writing–review and editing. JY: conceptualization, data curation, formal analysis, methodology, project administration, software, supervision, validation, and writing–review and editing. DW: data curation, methodology, project administration, software, supervision, validation, and writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
ACKNOWLEDGMENTS
The authors acknowledge the laboratory assistants for their cooperation. This study constitutes the thesis of the first author, who pursued an MSc in Pharmacology at the University of Gondar.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Adela, A. M., Andargie, Y., Sisay, W., Mengie, T., Tessema Desta, G., Ayalew, T. T., et al. (2022). Antidiarrheal effect of 80% methanol extract and fractions of the leaves of Ocimum lamiifolium in Swiss albino mice. Evidence-based Complementary Altern. Med. 2022, 6838295. doi:10.1155/2022/6838295
 Agidew, M. G. (2022). Phytochemical analysis of some selected traditional medicinal plants in Ethiopia. Bull. Natl. Res. Centre 46 (1), 87. doi:10.1186/s42269-022-00770-8
 Alebel, A., Tesema, C., Temesgen, B., Gebrie, A., Petrucka, P., and Kibret, G. D. (2018). Prevalence and determinants of diarrhea among under-five children in Ethiopia: a systematic review and meta-analysis. PloS one 13 (6), e0199684. doi:10.1371/journal.pone.0199684
 Alemu, M. A., Wubneh, Z. B., and Ayanaw, M. A. (2022). Antidiarrheal effect of 80% methanol extract and fractions of the roasted seed of Coffea arabica Linn (Rubiaceae) in Swiss albino mice. Evid. Based Complement Alternat. Med. doi:10.1155/2022/9914936
 Ayalew, M., Bekele, A., Mengistie, M. G., and Atnafie, S. A. (2022). Evaluation of the antidiarrheal activity of 80% methanol extract and solvent fractions of the leaf of Bersama abyssinica fresen (Melianthaceae) in mice. BMC Complementary Med. Ther. 22, 8–9. doi:10.1186/s12906-021-03498-6
 Belayneh, A., and Bussa, N. F. (2014). Ethnomedicinal plants used to treat human ailments in the prehistoric place of Harla and Dengego valleys, eastern Ethiopia. J. Ethnobiol. ethnomedicine 10, 18–17. doi:10.1186/1746-4269-10-18
 Black, R., Fontaine, O., Lamberti, L., Bhan, M., Huicho, L., El, A. S., et al. (2019). Drivers of the reduction in childhood diarrhea mortality 1980-2015 and interventions to eliminate preventable diarrhea deaths by 2030. J. Glob. health 9 (2), 020801. doi:10.7189/jogh.09.020801
 Collaborators, G., and Ärnlöv, J. (2020). Global burden of 87 risk factors in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet 396 (10258), 1223–1249. doi:10.1016/S0140-6736(20)30752-2
 Degu, A., Engidawork, E., and Shibeshi, W. (2016). Evaluation of the anti-diarrheal activity of the leaf extract of Croton macrostachyus Hocsht. ex Del.(Euphorbiaceae) in mice model. BMC Complementary Altern. Med. 16, 1–11. doi:10.1186/s12906-016-1357-9
 Degu, S., Abebe, A., and Gemeda, N. (2022). Review of ethnobotanical studies on medicinal plants that used to treat diarrhea and dysentery in Ethiopia. Discov. Phytomedicine 9 (3), 233–246. doi:10.15562/phytomedicine.2022.195
 DiPiro, J. T., Talbert, R. L., Yee, G. C., Matzke, G. R., Wells, B. G., and Posey, L. M.Pharmacotherapy: a pathophysiologic approach. 2014. 
 Gerring, E. L. (1989). Effects of pharmacological agents on gastrointestinal motility. Veterinary Clin. N. Am Equine Pract. 5 (2), 283–294. doi:10.1016/s0749-0739(17)30589-8
 Guerrant, R. L., DeBoer, M. D., Moore, S. R., Scharf, R. J., and Lima, A. A. (2013). The impoverished gut—a triple burden of diarrhoea, stunting and chronic disease. Nat. Rev. Gastroenterology and hepatology 10 (4), 220–229. doi:10.1038/nrgastro.2012.239
 Guo, L., Ai, L., Yang, F., Liu, W., Hu, W., Zhang, X., et al. (2022). Assessment of the antidiarrheal activity and chemical composition of dichloromethane extract from Macleaya cordata. Rev. Bras. Farmacogn. 32 (6), 1009–1020. doi:10.1007/s43450-022-00337-8
 Institute of Laboratory Animal Resources (US) Committee on Care and Use of Laboratory Animals (1986). Guide for the care and use of laboratory animals. Bethesda, MA: US Department of Health and Human Services, Public Health Service, National Institutes of Health (NIH). 
 Katzung, B. G. (2017). Basic and clinical pharmacology14e. New York City, NY: McGraw-Hill Education. 
 Kewessa, G., Abebe, T., and Demessie, A. (2015). Indigenous knowledge on the use and management of medicinal trees and shrubs in Dale District, Sidama Zone, Southern Ethiopia. Ethnobot. Res. Appl. 14, 171–182. doi:10.17348/era.14.0.171-182
 Khansari, M., Sohrabi, M., and Zamani, F. (2013). The useage of opioids and their adverse effects in gastrointestinal practice: a review. Middle East J. Dig. Dis. 5 (1), 5–16.
 Ma, Y.-L., Wu, Z.-M., Liu, X., Lan, J.-E., Zai, W.-J., Jin, X., et al. (2022). Antidiarrheal activity of the extracts of Valeriana jatamansi Jones on castor oil-induced diarrhea mouse by regulating multiple signal pathways. J. Ethnopharmacol. 298, 115560. doi:10.1016/j.jep.2022.115560
 Mechesso, A. F., Asrade, B., Hailu, H., and Toma, A. (2016). In vitro antimicrobial activity of three medicinal plants of Ethiopia against some selected bacterial isolates. Afr. J. Microbiol. Res. 10 (42), 1779–1783. doi:10.5897/ajmr2015.7772
 Mekonnen, B., Asrie, A. B., and Wubneh, Z. B. (2018). Antidiarrheal activity of 80% methanolic leaf extract of Justicia schimperiana. Evidence-Based Complementary Altern. Med. 2018, 3037120. doi:10.1155/2018/3037120
 Mengistu, G., Engidawork, E., and Nedi, T. (2015). Evaluation of the antidiarrhoeal activity of 80% methanol extract and solvent fractions of the leaves of Lantana camara linn (Verbenaceae) in mice. Ethio Pharm. J. 31, 107–121. doi:10.4314/epj.v31i2.3
 No, O. T. (2008). Acute oral toxicity: up-and-down procedure. Organisation for Economic Co-operation and Development OECD Publishing, 425. doi:10.1787/9789264071049-en
 Oghenesuvwe, E. E., Tedwins, E. J. O., Obiora, I. S., Lotanna, A. D., Treasure, U. N., Ugochukwu, O. M., et al. (2018). Preclinical screening techniques for anti-diarrheal drugs: a comprehensive review. Am. J. Physiology 7 (2), 61–74. doi:10.5455/ajpbp.20180329014330
 Organization, W. H.Reaching key populations to prevent the spread of disease in Ethiopia. 2017. 
 Periasamy, G., Alemayehu, Y., Tarekegn, W., Sintayehu, B., Gebrelibanos, M., Gebremedhin, G., et al. (2015). Evaluation of in vivo central analgesic activity and prelimnary phytochemical screening of methanolic extract of Terminalia brownii leaves. Int. J. Pharm. Biol. 5. 
 Pierce, N. F., Carpenter, Jr C. C., Elliott, H. L., and Greenough, W. B. (1971). Effects of prostaglandins, theophylline, and cholera exotoxin upon transmucosal water and electrolyte movement in the canine jejunum. Gastroenterology 60 (1), 22–32. doi:10.1016/s0016-5085(71)80003-3
 Prakash, V. (2017). Terpenoids as source of anti-inflammatory compounds. Asian J. Pharm. Clin. Res. 10 (3), 68–76. doi:10.22159/ajpcr.2017.v10i3.16435
 Prasad, S. K., Laloo, D., Kumar, R., Sahu, A. N., and Hemalatha, S. (2014). Antidiarrhoeal evaluation of rhizomes of Cryptocoryne spiralis Fisch. ex Wydler: antimotility and antisecretory effects. Indian J. Exp. Biol. 52 (2), 139–146.
 Riddle, M. S., DuPont, H. L., and Connor, B. A. (2016). ACG clinical guideline: diagnosis, treatment, and prevention of acute diarrheal infections in adults. Official J. Am. Coll. Gastroenterology| ACG. 111 (5), 602–622. doi:10.1038/ajg.2016.126
 Salako, O. A., Akindele, A. J., Shitta, O. M., Elegunde, O. O., and Adeyemi, O. O. (2015). Antidiarrhoeal activity of aqueous leaf extract of Caladium bicolor (Araceae) and its possible mechanisms of action. J. Ethnopharmacol. 176, 225–231. doi:10.1016/j.jep.2015.10.035
 Schiller, L. (1995). Review article: anti-diarrhoeal pharmacology and therapeutics. Alimentary Pharmacol. and Ther. 9 (2), 86–106. doi:10.1111/j.1365-2036.1995.tb00358.x
 Sintayehu, B., Kakoti, B. B., Kataki, M. S., Gebrelibanos, M., Periyasamy, G., Aynalem, A., et al. (2017). Hepatoprotective, antixidant and anticancer activities of Terminalia brownii Fresen leaf abstract. Ethiop. Pharm. J. 33, 29–38. doi:10.4314/epj.v33i1.3
 Sisay, M., Engidawork, E., and Shibeshi, W. (2017). Evaluation of the antidiarrheal activity of the leaf extracts of Myrtus communis Linn (Myrtaceae) in mice model. BMC complementary Altern. Med. 17, 103–111. doi:10.1186/s12906-017-1625-3
 Soares, S., Brandão, E., Guerreiro, C., Soares, S., Mateus, N., and De Freitas, V. (2020). Tannins in food: insights into the molecular perception of astringency and bitter taste. Molecules 25 (11), 2590. doi:10.3390/molecules25112590
 Sunil, M., Sunitha, V., Ashitha, A., Neethu, S., Midhun, S. J., Radhakrishnan, E., et al. (2019). Catechin rich butanol fraction extracted from Acacia catechu L.(a thirst quencher) exhibits immunostimulatory potential. J. food drug analysis 27 (1), 195–207. doi:10.1016/j.jfda.2018.06.010
 Tadesse, E., Engidawork, E., Nedi, T., and Mengistu, G. (2017). Evaluation of the anti-diarrheal activity of the aqueous stem extract of Lantana camara Linn (Verbenaceae) in mice. BMC complementary Altern. Med. 17, 190–198. doi:10.1186/s12906-017-1696-1
 Tadesse, W. T., Hailu, A. E., Gurmu, A. E., and Mechesso, A. F. (2014). Experimental assessment of antidiarrheal and antisecretory activity of 80% methanolic leaf extract of Zehneria scabra in mice. BMC Complementary Altern. Med. 14, 460–468. doi:10.1186/1472-6882-14-460
 Teferi, M. Y., Abdulwuhab, M., and Yesuf, J. S. (2019). Evaluation of in vivo antidiarrheal activity of 80% methanolic leaf extract of Osyris quadripartita Decne (Santalaceae) in Swiss Albino Mice. J. Evidence-Based Integr. Med. 24, 2515690X19833340. doi:10.1177/2515690X19833340
 Teshome, T., Sintayehu, B., Yohannes, H., Gebrelibanos, M., Karim, A., Gomathi, P., et al. (2015). Radical scavenging activity and preliminary phytochemical screening on aerial part extracts of Cineraria abyssinica sch. bip. EXA. J. Pharmacogn. Phytochemistry 3 (6), 239–243. 
 Than, A., Kulkarni, H. J., Hmone, W., and Tha, S. (1989). Anti-diarrhoeal efficacy of some Burmese indigenous drug formulations in experimental diarrhoeal test models. Int. J. Crude Drug Res. 27 (4), 195–200. doi:10.3109/13880208909116903
 Umer, S., Tekewe, A., and Kebede, N. (2013). Antidiarrhoeal and antimicrobial activity of Calpurnia aurea leaf extract. BMC complementary Altern. Med. 13, 21–25. doi:10.1186/1472-6882-13-21
 Whyte, L., and Jenkins, H. (2012). Pathophysiology of diarrhoea. Paediatr. child health 22 (10), 443–447. doi:10.1016/j.paed.2012.05.006
 Woldeab, B., Regassa, R., Alemu, T., and Megersa, M. (2018). Medicinal plants used for treatment of diarrhoeal related diseases in Ethiopia. Evidence-Based Complementary Altern. Med. 2018 (1), 4630371. doi:10.1155/2018/4630371
 Zayede, D., Mulaw, T., and Kahaliw, W. (2020). Antidiarrheal activity of hydromethanolic root extract and solvent fractions of clutia abyssinica jaub. and spach.(Euphorbiaceae) in mice. Evidence-Based Complementary Altern. Med. 2020, 5416749. doi:10.1155/2020/5416749
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Kassaw, Wondafrash, Yesuf and Mengistie. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/math_qu8.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Evaluation of the antidiarrheal activity of the 80% hydromethanolic crude extract and solvent fractions of Terminalia brownii Fresen (Combretaceae) leaves in Swiss Albino mice		Background

		Methods

		Results

		Conclusion

		Introduction

		Materials and methods		Chemicals and reagents

		Plant material

		Experimental animals

		Plant extraction

		Acute oral toxicity

		Grouping and dosing of animals

		Determination of antidiarrheal activity

		Preliminary phytochemical screening

		Ethical clearance

		Statistical analysis





		Results		Acute toxicity study

		Phytochemical test

		Antidiarrheal activity





		Discussion

		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Generative AI statement

		Publisher’s note

		References









OPS/images/math_qu7.gif





OPS/images/math_qu9.gif
e L ™
e e T






OPS/images/math_qu6.gif
Mean cistance traveled by charcoalmeal,

Peristaltic index (P1) “Mean length of small intestine

100





OPS/images/math_qu5.gif
MWL -MWIT

Mean percentage weight inhibition = ~————"

100









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





OPS/images/fphar-15-1510171-t005.jpg
Extract Dose mg/kg meq (%) Pfreq (%)

80% MeOH-E NC - - - -
pC 12901 7047 7543 88.18
MeOH 100 2662 37.16 421 3466
MeOH 200 106,14 920 50.87 6428
MeOH 400 17.74 5306 6491 7401

Solvent fraction NC = = — -
PC 14862 6765 727 90.07
NHF 100 20 496 19.97 1255
NHF 200 3058 19.18 2358 2400
NHF 400 3686 3155 4181 36.49
NC - - - -
PC 14862 6756 727 90.03
EAF 100 4430 4613 3089 3981
EAF 200 10901 5325 o8 66,59
EAF 400 14588 5929 6004 8037
NC — — — =
»C 15252 68.07 75.02 92,00
AF 100 26 1481 2497 2138
AF 200 s 2672 4823 4193
AF 400 99.63 3055 5541 5524

MeOH, 80% methanol extract; NHF, n-hexane fraction; EAF, ethyl acetate fraction; AF, aqueous fraction; ADI, in vivo antidiarrheal index; Direq, delay in diarrhea onset (in % of control). Gmeg
i the intestinal meal travel reduction (in % of control). Pfreq is the purging frequency as the number of wet stools reduce (in % of control); PC, positive control (loperamide or atropine); NC,
negative control; administered with 10 mL/kg distilled water (for the crude extract and aqueous fraction) and 10 mL/kg of 2% Tween 80 (for n-hexane fraction and ethyl acetate fraction).





OPS/images/math_qu1.gif
_Wweight of the extract

wweight of the plant material * 1%°

% yield =






OPS/images/fphar-15-1510171-t003.jpg
Volume of intestinal contents (Alebel % Weight of intestinal %

et al., 2018) inhibition contents (gm) inhibition
80% MeOH-E | Control 0.6 = 0.04 - 0.76 +0.03 —
1OP3 oz 00w 68.18 027 + 006" Coiar
MeOH 100 050 + 0.05" 2424 0.60 * 0.06" 21.05
MOHZ00 041 005" s 050 + 007" i
MeOH 400 036 + 0.05% 4545 047 + 005" 3815
Solvent Control 071 £ 0.06 - 0.83 +0.07 -
fraction
Lop 3 020 + 0,034 7183 029 + 0,067 65.06
NHF 100 065 + 0.08" 84 073 + 009" 12
NHF 200 054 + 0,07 2394 0.64 + 005" 2289
NHF 400 043 + 0.04" 3943 050 + 003" 3075
Control 071 +0.06 [ 0.83 +0.07 -
Lop 3 02000 TS 029 + 006" 6506
EAF 100 053 + 0,07 53 0.67 + 005" 1883
EAF 200 041 £ 0.04" 4145 051 + 005" 3847
EAF 400 040 £ 0097 i 048 + 009" 4228
Control 0.68 + 0.08 - 0.80 +0.08 —
LOP 3 | 0.16 + 0,037 | 75.60 028 * 0,07 64.37
AF 100 061 +0.07" 975 072 + 008" 10
AF 200 045 +0.06" 3414 062 + 006" 23.02
AF 400 040 + 0.04" 4146 049 005" 3812

Data are presented as the mean + SEM (n = 6); analysis was performed using one-way ANOV A, followed by Tuckey post-hoc test; *compared with negative control; *compared with loperamide;
“compared with 100 mg/keg; ‘compared with 200 mg/kg; “compared with 400 mg/kg; 'p<0.05, ’p < 0.01, and °p < 0.001; MeOH, methanolic extract; LOP 3, loperamide 3 mg/kg; NHF, n-hexane
fraction; EAF, ethyl acetate fraction; AF, aqueous fraction; control; administered with 10 mL/kg of distilled water (for the crude extract and aqueous fraction) and 10 mL/kg of 2% Tween 80 (for
e Backion ind stivl acelste B,





OPS/images/fphar-15-1510171-t004.jpg
Total length of the small Distance covered by the Peristaltic

intestine (cm) charcoal meal (cm) index (%) inhibition
80% MeOH-E  Control 5450 £ 1.05 4650 £ 117 8543 £ 2.43 —
Atro 5 5416 + 0.98 13.66 % 0,801 [ 2522 5 133000 7047
MeOH 100 5333+ 114 2866 + 152 | 5368 2 236 37.16
MeOH 200 5450 + 1.17 25.00 £ 280" \ 45.96 + 5,28 49.20
MeOH 400 5475 £ 2.03 | 200 2 1890 4007 + 2,907 53.06
Solvent Control 52.66 + 1.33 4250 £ 338 | s063 = 608 -
fraction t
Atro 5 55.50 + 0.95 1450 £ 0,994 26.15 + 1.80=%2 67.65
NHF 100 53.83 + 252 4100 £ 148" | 7663 £ 3090 496
NHF 200 | 54.50 + 1.31 | 3533 £ 2.69" [ 65.16 + 5.64" | 19.18
NHE 400 56.66 + 1.92 3100 + 0682 55.19 + 3.08° 3155
Control 52.66 + 1.33 4250 £ 338 | s063 = 603 -
Atro 5 55.50 £ 0.95 1450 £ 099 2615 + 1.80° 67.56
EAF 100 53.00 £ 1.00 23.00 £ 281 s 4613
EAF 200 51.50 + 0.88 1933 £ 185 | 3769 £ 3.88° 53.25
EAF 400 56.00 + 1.00 1816 £ 2.44° | 2240 59.29
Control 5116 £ 1.62 4283 %177 m7seam -
Atro 5 54002206 | 143 2 0 | 2674 2 13 | os07
AF 100 50.33 + 1.40 35,83 + 208" 7134 £ 4230 1481
AF 200 5400 £ 1.34 3316 £ 221" | 6137 £ 3,59 2672
AF 400 53.16 + 1.88 30.66 + 133 | 57.79 £ 2334 3099

Data are presented as the mean + SEM (n = 6); analysis was performed using one-way ANOVA, followed by Tuckey post-hoc test; “compared with negative control values; "compared with
loperamide; ‘compared with 100 mg/kg; ‘compared with 200 mg/kg; “compared with 400 mg/kg;p < 0.05, %p < 0.01, and *p < 0.001; MeOH, methanolic extract; Atro 5, atropine 5 mg/kg; NHF,
n-hexane fraction; EAF, ethyl acetate fraction; AF, aqueous fraction; control; administered with 10 mL/kg of distilled water (for the crude extract and aqueous fraction) and 10 mL/kg of 2%
Tween 80 (for n-hexane fraction and ethyl acetate fraction).





OPS/images/math_qu4.gif
Mean percentage volume inhibition





OPS/images/math_qu2.gif
Mean number of wet defecation (negative control - test)
T e e e )

% nbibiton o diarthea = 100,





OPS/images/math_qu3.gif
e o A e o),
A Byttt et

“ ihibtion of defciation 100





OPS/images/cover.jpg
, frontiers | Frontiersin Pharmacology

Evaluation of the antidiarrheal
activity of the 80%
hydromethanolic crude extract
and solvent fractions of
Terminalia brownii Fresen
(Combretaceae) leaves in Swiss
Albino mice





OPS/images/fphar-15-1510171-t001.jpg
Secondary metabolites Method used for screeni MeOH-E NHF EAF

Flavonoids Alkaline reagent test + + + +
Terpenoids | Salkowski test + + + -
Saponins Foam test + - - +
Tannins | Feric chlorid test + [- + +
Phenols Ferric chloride test + s + x
Alkaloids | Mayer test - . I~ .
Cardiac glycosides Keller-Kiliani test + - + +
Steroids | Salkovski test + + |+ -
Anthraquinones Cone. HCI test - : & 2

SO B Bydromethanelic axtrack: NIE, 1 disxane Gastion: BAT, sfiol acitsio Sactions: AS: aquocns Sacton; 4, presels = dbsoat,





OPS/images/fphar-15-1510171-t002.jpg
Onset of No of Total Average Average Inhibition of  Inhibition of

diarrhea wet number of  weight of weight of diarrhea (%) defecation
(min) feces feces wet total (%)
feces (gm) feces (gm)
80% Control 4883 £ 2.62 950076 | 1066 £ 076 083 £ 0.10 092 £ 0.06 - -
MeOH-E
LOP 3 11183 £8.05%° | 233+ 383 £ 047 | 020 £ 0.06” 029 + 0,06 7543 6407
0210
MeOH 100 | 61.83 £ 254" | 550 + 883 065" | 045 +0.03" 0.69 +0.12" 4210 17.16
0502
MeOH 200 | 100,66 = 466 + 716 2079 034 +0032 043 £ 005" 5087 3283
1292 049
MeOH 400 | 10633 * 333 516+ 101 0310112 038 £ 013 6491 5159
109722 066
Solvent Control 4250 = 626 9164054 | 1083 030 0.88 = 0.04 098 = 0.06 - -
fraction
Lop 3 105.66 + 250+ 350 £ 04290 | 025 +0.04°% | 028 £ 0057 7270 67.68
17,70 Py
NHF 100 | 5100 + 326" 733+ 833 £ 095" 068 + 0.06" 074 £ 007" 19.97 23.08
071"
NHF 200 | 5550 + 325" 7.00 £ 8.00 £ 1.18" 065 + 0.06” 073 £ 007" 2358 26.13
100
NHF 400 | 5816 %506 533 700 + 118" 042 £ 0,05 053 £ 007 4181 3536
088"
Control 4250 £ 6.26 9164054 | 1083 =030 088 = 0.04 0.98 = 0.06 - -
Lop 3 105.66 = 250 + 350 042 | 025 £ 0.04° 028 £ 0,05 7270 67.68
1770 042
EAF100 6133+ 718" | 633+ 7.66 £ 061° | 060 +0057% | 068 £ 003 3089 2927
Pyyne
EAF200 | 8883%810° 450 550 £061% 047 +005° 053 % 0,05 5087 4921
061
EAF 400 | 10450 £ 4.63% | 366+ 4162083 035 +0.06° 037 00752 60.04 6158
076°
Control 4600 £ 439 933084 | 1050 £ 076 085+ 0.13 091 013 - -
LOP 3 11616 + 233+ 3.33 £ 03397 023 + 0,027 0.28 + 007" 75.02 6828
1085 04299
AF 100 5816 + 626" | 7.00 866125 070 +005° 076 + 008" 2497 1752
0897
AF 200 7233 £750% | 483+ 5.66 + 066 058 £ 0.05" 062 £ 005" 4823 4609
0.60%
AF 400 9183 £737° | 416 | 550:0847 049 %007 057 £ 006" 5541 4761
070

Data are presented as the mean  SEM (n = 6); analysis was performed using one-way ANOVA, followed by Tuckey post-hoc test; * compared with negative control values;  compared with
loperamide; ¢ compared with 100 mg/kg; ¢ compared with 200 mg/kg; * compared with 400 mg/kg; 1 p < 0.05,2 p < 0.01,and 3 p < 0.001; MeOH, hydromethanolic extract; LOP 3, loperamide
3 mg/kg; NHF, n-hexane fraction; EAF, ethyl acetate fraction; AF, aqueous fraction. Control; administered with 10 mL/kg of distilled water (for the crude extract and aqueous fraction) and
10 mL/kg of 2% Tween 80 (for n-hexane fraction and ethyl acetate fraction).





