


Effect of aqueous extract of Garcinia kola seed and its combination with Ocimum gratissimum leaves in diarrhoeal rats	Comment by LEGION: The title is not suitable with the content of the manuscript. Rewrite it again. 


ABSTRACT
Introduction: Diarrhoea is characterized by frequent watery or loose stools mainly due to microorganisms, toxins, diets and allergies leading to dehydration and high mortality rate especially among children below five years. There is no scientific evidence to support the traditional use of Garcinia kola and Ocimum gratissimum to treat diarrhoea. This study aimed to investigate the effect of the aqueous extract of G. kola and its combination with Ocimum gratissimum leaves in castor oil-induced diarrhoeal rats. 	Comment by LEGION: Rewrite the introduction again by give the background and current prevalence of Diarrhoea.
Methods: Lorke's approach was used to determine the acute toxicity (LD50) test. Castor oil-induced diarrhoeal rat models were used to test for intestinal motility and enteropooling to examine the extracts' antidiarrheal activity. 
Results: The lethal dose (LD50) results demonstrated that both plants were safe for therapeutic purposes. In the castor oil-induced diarrheal model, the extracts and their combination significantly (p<0.05) decreased fecal parameters and delayed the onset of diarrhoea in comparison to the negative control in a dose-dependent manner. When administered together, the extracts demonstrated a substantial (p<0.05) anti-motility impact at all tested doses in comparison to the negative control, according to the charcoal meal test. The enteropooling test results showed that the weight and volume of intestinal content decreased significantly (p<0.05) with graded doses of G. kola and its combination with O. gratissimum.
Conclusion: The results suggest that the aqueous extract of G. kola and its combination with O. gratissimum have antidiarrhoea activity, although a more pronounced activity was observed when administered as a combination. 	Comment by LEGION: Rewrite the conclusion again.
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INTRODUCTION
Diarrhoea is a condition where a person may pass three or more loose or liquid stools daily. Dehydration occurs due to imbalances in the mechanisms controlling the guts secretion and absorption of water and electrolytes (1,2). These imbalances can be brought about by microorganisms (bacteria and viruses), toxins, diet, and allergic reactions (3). After malaria, diarrhoeal disease is the second leading cause of malnutrition in children under five years old, and a top spot leading cause of mortality globally (2).
WHO and UNICEF have stated that statistically, there are about two billion cases of diarrhoeal disease worldwide within a year and 1.9 million children die from diarrhoea each year, mostly in developing countries (4). Diarrhoea resulting in excessive fluid loss can rapidly lead to dehydration and death particularly among children (5). 
The use of medicinal plant remedies is deeply rooted in the history and culture of communities in developing countries, where they are commonly employed to address basic healthcare requirements, and their adoption is also becoming increasingly prevalent within developed nations as part of integrative healthcare systems, encompassing complementary and alternative medicines (6). Herbs obtained from various plant parts (leaves, roots, seeds, berries, bark or flowers) have made significant progress in treating numerous clinical conditions (7). The growing preference for herbal medicines over conventional medicines can be attributed to the benefits of herbal active ingredients, which serve as natural healing agents due to their availability, accessibility, affordability, and documented low or non-toxic effects (8,9). Certain diseases like anaemia (10,11,12), acetaminophen-induced liver and kidney damage (13) have been effectively treated with medicinal plants. The efficacy of its therapeutic properties is reportedly reliant on its phytochemical, mineral and vitamin composition (14,15).
Garcinia kola-Heckel is a flowering plant that belongs to the Guttiferae family. In English, it is called bitter kola, while in the Igbo language it is known as "Aku ilu," in Yoruba as "Orogbo," and in Hausa as "Namijin goro" (16). Traditionally, the seeds of Garcinia kola are chewed as an anti-sialagogue. It plays a role in traditional hospitality and is part of cultural and social events in Southern Nigeria (17). Garcinia kola is utilized for the treatment of various ailments, including gastric issues, bronchial diseases, fevers, malaria, and also has stimulating and aphrodisiac properties (18). Research on the crude methanol extract from different parts of Garcinia kola has revealed the presence of bioactive compounds such as alkaloids, saponins, tannins, flavonoids, glycosides, sterols, phlobotannins, anthraquinones, and phenols (19,20). The seeds are highly regarded for their use as an oral chewing agent, possessing a bitter and astringent flavor along with a stimulating effect. They, along with various other parts of the plant, are utilized in the treatment of numerous ailments, such as stomach and liver issues, diarrhea, respiratory problems, throat infections, colds, fevers, malaria, and serve as an aphrodisiac (21). Nearly every component of the plant holds medicinal significance; the nut is utilized for enhancing alertness, inducing sleeplessness, and is also used as a chew; the root serves as bitter chewing sticks; the bark of the stem acts as a laxative; the latex is applied externally to fresh wounds to help prevent infection, thus aiding in the healing process (22).
Garcinia kola seeds contain several phytochemicals, including flavonoids, tannins, cardiac glycosides, saponins, steroids, and reducing sugars (23). Flavones, a subgroup of flavonoids, are recognized for their diverse therapeutic effects, which include antioxidant, fever-reducing, pain-relieving, antibacterial, antiviral, anti-allergic, and anti-inflammatory properties (24). Saponins are noted for their antifungal effects, while tannins are recognized for their antiviral, antibacterial, and antitumor properties (25). 
In traditional medicine, Ocimum gratissimum is a shrub classified under the Lamiaceae family, commonly referred to as scent leaf or clove basil. This plant typically grows in tropical regions, with Africa and Asia being the continents that host the majority of its variants (26).
In traditional medicine, Ocimum gratissimum is utilized for treating a variety of ailments including diarrhoea, diabetes, cancer, inflammation, anaemia, pain, as well as fungal and bacterial infections (27). A phytochemical analysis of Ocimum gratissimum indicates that it is abundant in alkaloids, tannins, phytates, flavonoids, and oligosaccharides (28). Research has shown that the leaf extract of O. gratissimum contains alpha-tocopherol and phenolic compounds, which are strong antioxidant vitamins that combat cellular damage caused by oxidative stress (29). Additionally, scientific studies have identified that O. gratissimum possesses a diverse array of bioactive compounds, such as flavonoids and polyphenols (30,31), along with essential oils that offer various health benefits (32,33). The juice extracted from O. gratissimum leaves possesses properties that help combat diarrhea and dysentery; its aqueous extract is utilized in the treatment of hematuria and purulent urethritis (34). In Benin Republic, the aqueous extract of its pulp or above-ground parts is employed for addressing dystopias, pelvic pain, colic, candida infections, digestive dysmenorrhea, vomiting, hemorrhoids, and diarrhea (35,34). Our previous research indicated that the ethyl acetate fraction derived from O. gratissimum leaves exhibits antidiarrheal effects in Wistar rats with diarrhea (36). Although there are limited studies on the antidiarrhoeal properties of O. gratissimum, the literature does not currently address the combined effect of G. kola and O. gratissimum. Therefore, this research aims to assess the Antidiarrhoeal effect of the Aqueous extract of G. kola and its combination with O. gratissimum in castor oil-induced diarrhoeal rat models.

MATERIALS AND METHODS
Plant collection and identification
The leaves of O. gratissimum were gathered from Mgbakwu, Awka North Local Government Area, Anambra State, Nigeria while the seeds of G. kola were bought from Eke Market, Awka. A taxonomist from Nnamdi Azikiwe University's Botany Department in Awka identified the sample. A voucher specimen for O. gratissimum (NAU 35A) and G. kola (NAU 27A) was placed in the Department of Botany's Herbarium. 	Comment by LEGION: How did the leave samples collected explain?
Preparation of aqueous seed extract of G. kola seed
The seeds were properly peeled, washed, chopped into small sizes and air-dried at room temperature for three weeks before the aqueous extraction. The corona manual grinding machine was used to ground the dry seeds into a powder. For aqueous extraction, precisely 500g of the ground-up seed powder was steeped in 2.5 liters of distilled water. A muslin cloth was used to sieve the aqueous mixture, and Whatman No. 1 filter paper was used for filtering. A water bath set to 500C was used to concentrate the filtrate. To be used, the aqueous extract was kept in the refrigerator after being stoppered in universal bottles. Following extraction, the seed extract's biological yield was 15.2%. 	Comment by LEGION: Why?

Preparation of aqueous leaf extract of O. gratissimum	Comment by LEGION: The same as above, merge them into one paragraph.
The leaves were thoroughly washed and allowed to air-dry at room temperature for two weeks. The corona manual grinding machine was used to grind the dried leaves into a powder. For aqueous extraction, precisely 500 g of ground leaf powder was soaked in 2.5 liters of distilled water for a full day. A muslin cloth was used to sieve the aqueous mixture, and a Whatman No. 1 filter paper was used for filtering. A water bath set at 500C was used to concentrate the filtrate. To be used, the aqueous extract was kept in the refrigerator after being stoppered in universal bottles. Following extraction, the leaf extract's biological yield was 11.6%. 

Experimental animals
Test animals were procured from Chris Experimental Research Farm in Mgbakwu, Awka North Local Government Area, Anambra State. Forty-four (144) healthy Wistar albino rats of both sexes, weighing 120–150 g were acquired. After being sorted, they were kept in aluminium cages with a 12-hour light/dark cycle. They were given unlimited water and Top grower mash pellets. Before the research started, experimental animals' weights were verified. The Nnamdi Azikiwe University Animal Research Ethics Committee's principles and standards guiding the use of experimental animals were followed in the execution of all experimental techniques and protocols employed in this work. 
Assessment of Acute toxicity (LD50) 
Lorke's technique was used to calculate the median lethal dose (LD50) for both extracts (37). For the LD50 analysis of each extract, twelve [12] rats were employed. There were two stages to the acute toxicity investigation. In the first phase, three rats in each group received 10, 100, and 1000 mg/kg bodyweight of the extract, and the rats were observed for 24 hours and then 14 days for any indications of toxicity. In the second phase, one rat in each group received higher doses of 1600, 2900, and 5000 mg/kg bodyweight of the extract. In order to achieve a longer period of observation, the monitoring for both phases was prolonged to 14 days.	Comment by LEGION: Three rats in each group, how many groups of rats did you have?	Comment by LEGION: Why?
After the experiment, the LD50 was estimated in the following manner.	Comment by LEGION: Check and re-write this sentence.
LD50 was calculated mathematically as

LD50 = √HNLD x LLD	Comment by LEGION: Number the equation.

Where HNLD = Highest non-lethal dose
              LLD = Least lethal dose

Animal grouping for diarrhoea studies
One hundred and twenty [120] healthy Wistar rats of both sexes were randomized into three groups of forty rats each for the three diarrhoea models tested. The forty [40] rats in each group were further randomized into eight [8] groups of five rats each and used for the study. The groupings are as follows:	Comment by LEGION: Is this one citation or number?
Group A: Diarrhoea untreated (Negative Control)	Comment by LEGION: Use table to present this groups.
Explain the differences between _ve and +ve controls.
Group B: Diarrhoea + 3 mg/kg loperamide (Positive Control)
Group C: Diarrhoea + 200 mg/kg aqueous extract of G. kola seed.
Group D: Diarrhoea + 400 mg/kg aqueous extract of G. kola seed.
Group E: Diarrhoea + 800 mg/kg aqueous extract of G. kola seed.
Group F: Diarrhoea + 200 mg/kg combination of aqueous extract of G. kola seed and O. 
    gratissimum leaves.
Group G: Diarrhoea + 400 mg/kg combination of aqueous extract of G. kola seed and O. 
    gratissimum leaves.
Group H: Diarrhoea + 800 mg/kg combination of aqueous extract of G. kola seed and O. 
    gratissimum leaves.


Determination of antidiarrhoeal property
Castor oil-induced diarrhoea model
The model and concept described by Nwodo and Alumanah (38) were used in this study. Forty [40] healthy Wistar albino rats of both sexes were fasted for 24 hours, with free access to water and treated (except group A-Negative control) exactly when their fasting reached 24 hours. One hour after treatment, all the rats received 0.5 ml of castor oil by oral gavage, and then, they were separately placed on the floor of individual cages, which were covered with non-wetting transparent paper.

During the observation period of 4 to 5 hours, the time of onset of diarrhoea, the number and weight of wet stools, the time when they started defecating, and the total number and weight of fecal output (both diarrhoeal and non-diarrhoeal) excreted by the rats were recorded and compared with the control group.

Finally, the percentage of diarrhoeal inhibition as well as the weight of wet and total fecal output were determined according to the formular below:

	Comment by LEGION: These formulas are too large, use abbreviation format and define each one below. 




			
Castor oil-induced gastrointestinal motility
Using the methodology and formula outlined by Tan et al., a gastrointestinal motility test was examined (39). After 24-hour fast and unrestricted access to water, the rats were divided into eight groups at random and given the treatment outlined in the study design. 0.5 ml of castor oil was given an hour later. One milliliter of a 5% charcoal suspension in distilled water was given to each rat sixty [60] minutes after the castor oil was administered. Each rat was subsequently sacrificed by cervical dislocation thirty [30] minutes later. The abdomen was then opened, and the small intestine was promptly dissected from the pylorus to the caecum and laid out lengthwise on a piece of white paper.  As a result, a calibrated ruler was used to measure the marker's distance from the pylorus as well as the overall length of the intestine. The peristaltic index (PI) expressed as a percentage of the distance travelled by the charcoal meal relative to the total length of the small intestine as well as the percentage of movement as a function of the control was calculated.



Castor oil-induced enteropooling
[bookmark: _Hlk139358366]Evaluation of intestinal fluid buildup was done using the OECD/OCDE method (40). Forty [40] rats were given 0.5 ml of castor oil orally an hour before they were starved for 24 hours and treated as the grouping described. After an hour, the rats were sacrificed, the small intestine's caecum and pyloric ends were knotted, and the intestine was taken out. After weighing the dissected small intestine and expelling its contents into a measuring cylinder, the volume was determined. Following milking, the weight of the intestine was measured, and the difference between the filled and empty intestines was computed. Finally, the percentage of intestinal secretion inhibition was computed in accordance with Suleman and Alemu (41) and Nwodo and Alumanah (38). 	Comment by LEGION: Define each one.


Where; MVIC is the mean volume of the intestinal content.


Where; MWIC is mean weight of the intestinal content.

In vivo antidiarrhoeal index
Three parameterss from the previously described models were combined to estimate the in vivo antidiarrhoeal index (ADI) for the plant fraction and standard medication. This result was then expressed using the method created by Nwodo and Alumanah (38). 

[bookmark: _Hlk139361992]Where;
D frequency = the delay in defecation time or diarrhoeal onset obtained from castor oil-induced test (as % of control).


G meg = is the gut meal travel reduction (as % of control).


P frequency = is the purging frequency as reduction in the number of wet stools (as % of control) from castor oil diarrhoea model.


Data analysis using statistics
The Statistical Package for Social Sciences (SPSS) software for Windows version 25 (SPSS Inc., Chicago, Illinois, USA) was used to analyze experimental data obtained. Mean ± SD was used to express all of the data. ANOVA and POS-HOC Tests (Tukey) were used to statistically analyze the results to see if there was a significant difference between the test and control groups' means. The significance thresholds were set at p<0.05, p<0.01, and p<0.001. 

RESULTS
Acute oral (LD50) toxicity test
During the first 24 hours of exposure, rats given oral G. kola seeds aqueous extract and its combinations with O. gratissimum leaves at low dosages [10, 100, and 1000 mg/kg] showed no discernible symptoms of toxicity (Table 1). There were no indications of delayed toxicity in the treated rats observed later. Since no fatality was seen at 5000 mg/kg, the LD50 of the aqueous extract of G. kola was higher than 5000 mg/kg, whereas the LD50 of its combination with the aqueous extract of O. gratissimum was 3,807.89 mg/kg (Table 2). 
Table 1: The result of administering low doses of the aqueous extract of Garcinia kola and its combination with Ocimum gratissimum.	Comment by LEGION: Rewrite all the table titles.
	
Extract Dose (mg/kg)
	
G. kola
	Combination of G. kola and O. gratissimum

	
	Observation
	Mortality
	Observation
	Mortality

	10
	They were normal
	0/3
	They were normal
	0/3

	100
	They were normal
	0/3
	They were normal
	0/3

	1000
	They were normal
	0/3
	They were normal
	0/3


Number of deaths per group = 0, Number of rats per group = 3

Table 2: The result of administering high doses of the aqueous extract of Garcinia kola and its combination with Ocimum gratissimum.
	
Extract Dose (mg/kg)
	
G. kola
	Combination of G. kola and O. gratissimum

	
	Observation
	Mortality
	Observation
	Mortality

	1600
	It was normal
	0/1
	It was slightly weak
	0/1

	2900
	It was slightly weak
	0/1
	It was weak
	0/1

	5000
	It was weak
	0/1
	It was very weak
	1/1


Number of deaths per group = 0, Number of rats per group = 1

Effect on castor oil-induced diarrhoeal model
In comparison to the negative control, the aqueous extract of G. kola seed was found to be effective against castor oil-induced diarrhea in terms of reducing the fecal parameters (number and weight of wet and total stools) and delaying the onset of diarrhea at tested doses of 200 mg/kg, 400 mg/kg, and 800 mg/kg (Table 3). However, the data revealed that the percentage of diarrhoeal inhibitions were 15%, 30% and 35% (p<0.001) at the doses of 200 mg/kg, 400 mg/kg and 800 mg/kg, respectively whereas its combination with O. gratissimum was found to be more effective against castor oil-induced diarrhoea in terms of delaying the onset of diarrhoea at 200 mg/kg, 400 mg/kg, 800 mg/kg tested doses, the data revealed that the percentage of diarrhoeal inhibitions were 30% , 55% and 80% (p<0.05, p<0.01, p<0.001) at the doses of 200 mg/kg, 400 mg/kg and 800 mg/kg, respectively. Comparing the aqueous extract of G. kola and its combination with O. gratissimum at a dose of 800 mg/kg to the negative control, the quantity of wet feces was significantly decreased (Table 3). Loperamide 3 mg/kg (positive control) has also shown the highest reduction of wet defecations with percentage inhibition of 100% (p<0.05, p<0.01, p< 0.001). 
Table 3: Antidiarrhoeal effect of aqueous extract of G. kola seed and its combination with O. gratissimum leaves on Castor oil-induced diarrhoeal model in rats.
	

Dose Administered
	
Onset of diarrhoea (Minutes)
	
Number of wet faeces
	
Total number of fecaes
	Average weight of wet faeces (g)
	Average weight of total faeces (g)
	
% Inhibition/
Reduction
	
% Wet fecal outputs
	
% Total fecal outputs

	Diarrhoea untreated (negative Control)
	43.80 ± 2.96
	4.00 ± 0.45
	4.72 ± 0.42
	1.06 ± 0.13
	1.22 ± 0.12
	-
	-
	-

	3mg/kg loperamide (Positive Control)
	252.20 ± 13.12a123
	0.00 ± 0.00a123
	0.46 ± 0.23a123
	0.00 ± 0.00a123
	0.06 ± 0.09a123
	100
	0
	4.92

	200mg/kg aqueous extract of G. kola
	56.00 ± 2.92
	3.40 ± 0.24
	3.72 ± 0.29
	0.98 ± 0.06
	1.04 ± 0.05
	15
	92.45
	85.25

	400mg/kg aqueous extract of G. kola
	63.20 ± 2.89
	2.80 ± 0.20
	3.28 ± 0.34
	0.76 ± 0.08
	0.84 ± 0.05
	30
	71.70
	68.85

	800mg/kg aqueous extract of G. kola
	64.40 ± 6.04
	2.60 ± 0.25a1
	2.62 ± 0.25a12
	0.74 ± 0.05
	0.76 ± 0.07a1
	35
	69.81
	62.30

	200mg/kg combination of G. kola and O. gratissimum
	66.40 ± 2.06
	2.80 ± 0.37
	2.92 ± 0.35a12
	0.80 ± 0.13
	0.84 ± 0.15
	30
	75.47
	68.85

	400mg/kg combination of G. kola and O. gratissimum
	123.00 ± 27.56a1
	1.80 ± 0.20
	1.92 ± 0.25a123
	0.34 ± 0.07a123
	0.38 ± 0.08a123
	55
	32.08
	31.15

	800mg/kg combination of G. kola and O. gratissimum
	188.60 ± 32.00a123
	0.80 ± 0.37a123
	0.80 ± 0.37a123
	0.10 ± 0.05a123
	0.10 ± 0.05a123
	80
	9.43
	8.20


Footnote: Data are expressed as mean ± SEM (n=5); a Compared with negative control; 1p < 0.05, 2p < 0.01, 3p < 0.001.
Effect on castor oil-induced gastrointestinal motility
The percentage of intestinal motility in rats was significantly lower in all tested doses of the aqueous extract of G. kola and its combination with O. gratissimum than in the negative control group, as shown in Table 4. According to the statistics, the percentage decrease in gastrointestinal transit of charcoal meals in G. kola alone was 29.15% (p<0.001), 38.02% (p<0.05), and 31.42% (p<0.001). At 200 mg/kg, 400 mg/kg, and 800 mg/kg, the percentage reduction of charcoal meal was 33.62%, 26.17%, and 22.37%, respectively, when combined with O. gratissimum. However, Loperamide had a more significant effect, reducing charcoal meal by 15.32% (p<0.05, p<0.01, p<0.001), compared to the negative control.
Table 4: Effects of aqueous extract of G. kola and its combination with O. gratissimum leaves on Castor oil-induced gastrointestinal motility in rats.
	

Dose Administered
	Length of Small Intestine (cm)
	Distance moved by the Charcoal Meal (cm)
	% Charcoal Meal Transit (Peristaltic Index)
	

% Inhibition

	Diarrhoea untreated (negative Control)
	90.40 ± 3.34
	43.20 ± 1.50
	47.79
	-

	3mg/kg loperamide (Positive Control)
	88.80 ± 4.57
	13.60 ± 0.60a123
	15.32
	67.94

	200mg/kg aqueous extract of G. kola
	91.00 ± 3.27
	34.60 ± 1.72a1
	38.02
	20.44

	400mg/kg aqueous extract of G. kola
	90.40 ± 3.79
	28.40 ± 2.34a123
	31.42
	34.25

	800mg/kg aqueous extract of G. kola
	89.20 ± 3.26
	26.00 ± 2.70a123
	29.15
	39.00

	200mg/kg combination of G. kola and O. gratissimum
	92.80 ± 2.84
	31.20 ± 1.24a123
	33.62
	29.65

	400mg/kg combination of G. kola and O. gratissimum
	89.40 ± 3.14
	23.40 ± 1.40a123
	26.17
	45.24

	800mg/kg combination of G. kola and O. gratissimum
	91.20 ± 6.76
	20.40 ± 1.21a123
	22.37
	53.19


Footnote: Data are expressed as mean ± SEM (n=5); aCompared with negative control; 1p < 0.05, 2p < 0.01, 3p < 0.001.
Effect on castor oil-induced enteropooling
The three graded doses of aqueous extract of G. kola leaves and their combination with O. gratissimum significantly inhibited castor oil-induced enteropooling in rats at doses of 200, 400, and 800 mg/kg, as indicated by the decrease in the volume and weight of intestinal contents, in comparison to the negative controls (Table 5). The mean intestinal content volume was reduced by 6.67%, 16.00%, and 26.67% in G. kola alone, while it was 12.00%, 41.33%, and 50.67% in combination with O. gratissimum. Just G. kola had intestinal content weights of 0.83%, 4.13%, and 17.36%. At 200, 400, and 800 mg/kg doses, its combination with O. gratissimum was 2.48%, 34.71%, and 43.80% (p<0.05) in comparison to the negative control.
Table 5: Effects of aqueous extract of G. kola and its combination with O. gratissimum on Castor oil-induced enteropooling in rats.
	

Dose Administered
	Mean volume of small intestinal content (ml)
	

% Inhibition
	Mean weight of small intestinal content (g)
	

% Inhibition

	Diarrhoea untreated (negative Control)
	1.50 ± 0.16
	1.21 ± 0.23
	-
	-

	3mg/kg loperamide (Positive Control)
	0.56 ± 0.05a123
	0.53 ± 0.05a12
	62.67
	56.20

	200mg/kg aqueous extract of G. kola
	1.40 ± 0.16
	1.20 ± 0.17
	6.67
	0.83

	400mg/kg aqueous extract of G. kola
	1.26 ± 0.09
	1.16 ± 0.09
	16.00
	4.13

	800mg/kg aqueous extract of G. kola
	1.10 ± 0.04
	1.00 ± 0.04
	26.67
	17.36

	200mg/kg combination of G. kola and O. gratissimum
	1.32 ± 0.07
	1.11 ± 0.07
	12.00
	2.48

	400mg/kg combination of G. kola and O. gratissimum
	0.88 ± 0.06a12
	0.79 ± 0.06
	41.33
	34.71

	800mg/kg combination of G. kola and O. gratissimum
	0.74 ± 0.06a123
	0.68 ± 0.05a1
	50.67
	43.80


Footnote: Data are expressed as mean ± SEM (n=5); aCompared with negative control; 1p < 0.05, 2p < 0.01, 3p < 0.001.
In vivo antidiarrhoeal index
Three parameters were taken into account while calculating the in vivo antidiarrheal index (ADI), as indicated in Table 6. These include purge frequency in the number of wet stools (Pfreq), gut meal travel distance (Gmeq), and delays in defecation (Dfreq). At 200, 400, and 800 mg/kg, the antidiarrhoeal index of G. kola's aqueous extract was 20.44, 35.70, and 40.04, whereas the antidiarrheal index of its combination with O. gratissimum was 35.85, 76.74, and 112.14. The maximum index generated by conventional medication was 147.86. Furthermore, compared to G. kola alone, the antidiarrheal index (ADI) value increased in a dose-dependent manner when the aqueous extract of G. kola and O. gratissimum were combined (Table 6).


Table 6: In vivo Antidiarrhoeal indices of aqueous extract of G. kola and its combination with O. gratissimum on Castor oil-induced diarrhoeal model in rats.
	


Dose Administered
	Delay in defecation (time of onset in Min. Dfreq) (%)
	Gut Meal Travel Distance (Gmeq) (%)
	Purging Frequency in Number of Wet Stools (Pfreq) (%)
	

Antidiarrhoeal Index (ADI)	Comment by LEGION: No unit. And check other units.

	Diarrhoea untreated (negative Control)
	-
	-
	-
	-

	3mg/kg loperamide (Positive Control)
	475.80
	67.94
	100.00
	147.86

	200mg/kg aqueous extract of G. kola
	27.85
	20.44
	15.01
	20.44

	400mg/kg aqueous extract of G. kola
	44.29
	34.25
	30.00
	35.70

	800mg/kg aqueous extract of G. kola
	47.03
	39.00
	35.00
	40.04

	200mg/kg combination of G. kola and O. gratissimum
	51.60 
	29.65
	30.12
	35.85

	400mg/kg combination of G. kola and O. gratissimum
	180.82
	45.24
	55.25
	76.74

	800mg/kg combination of G. kola and O. gratissimum
	330.59
	53.19
	80.19
	112.14



DISCUSSION	Comment by LEGION: This is where you can discuss your findings, so move it to the introduction part of the manuscript.
Diarrhea is defined as a change in the overall absorption of water and electrolytes that causes the gastrointestinal (GI) tract to secrete more fluid (42). An estimated 1.7 billion children worldwide suffer from diarrheal sickness each year, which also claims the lives of about 525,000 of them (2). Since the LD50 value is greater than 5000 mg/kg, the acute toxicity study's findings showed that the G. kola aqueous extract is not very toxic. An LD50 value of 3,807.89 mg/kg bodyweight of the extract was found in the acute toxicity analysis of the aqueous extract of G. kola and its combination with O. gratissimum. To identify potential negative effects to either a low or large dose of the extract, an acute toxicity investigation was conducted (43). One of the oldest medications used as a laxative (44) and one that has been shown to induce diarrhea by raising the volume of intestinal contents by blocking the reabsorption of water (45), 
In the castor oil-induced enteropooling model, the weight and volume of intestinal contents of all three doses were considerably (p<0.05) lower when G. kola and its aqueous extract were combined with O. gratissimum than when G. kola was used alone. The weight and volume of intestinal contents decreased by percentage in a dose-dependent manner. The results of this model would suggest that the extract has a strong antisecretory impact, which is one of the factors that contribute to the antidiarrheal effect shown in the model of castor oil-induced diarrhoea. The probable mechanism of action of the antidiarrhoeal activity of leaves of G. kola and its combination with O. gratissimum was determined by examining the effect of the extracts on intestinal motility and enteropooling models. At 200 mg/kg, 400 mg/kg, and 800 mg/kg doses, the extract was found to significantly (p<0.05) decrease the movement of the charcoal marker in the castor oil-induced gastrointestinal motility model when compared to the negative control. The combination's higher percentage of inhibition (53.19%) at the maximal dose was nearly equal to the standard drug's 67.94% at 3 mg/kg. This result demonstrated the extract's ability to affect the intestine's peristaltic movement, suggesting the presence of intestinal antimotility action. In this regard, a number of plants have demonstrated antidiarrheal properties through the inhibition of gastrointestinal motility and secretions (46, 47). 
The aqueous extract of G. kola and its combination with O. gratissimum had a dose-dependent antidiarrheal effect. Furthermore, 800 mg/kg of the combined extracts showed the highest percentage of antidiarrheal activity, suggesting that the largest dose tested can more effectively concentrate antidiarrheal bioactive chemicals and have a more noticeable therapeutic impact. The presence of secondary metabolites such flavonoids, alkaloids, tannins, saponins, phenols, terpenoids, and steroids may be the cause of the medicinal plants' antidiarrheal properties (48,49). Alkaloids, flavonoids, tannins, saponins, phenols, steroids, terpenoids, and anthraquinones were all present in this investigation. By a variety of methods, these phytochemicals have antidiarrheal effects. Colonic water and electrolyte reabsorption was enhanced by tannins and flavonoids. Prostaglandins and autacoids were suppressed by flavonoids and terpenoids. Intestinal motility and secretion are inhibited by phenols (50). 
According to published research, alkaloids and terpenoids—particularly those in the monoterpenoid group—have antispasmodic properties (51), saponins inhibit ilium contraction (52), flavonoids have antispasmodic properties and inhibit intestinal contractions (51,53), tannins have antispasmodic and muscle relaxant properties, and phenols have an astringent effect and reduce intestinal secretion and transit (54). By improving colonic water and electrolyte reabsorption, tannins and flavonoids are thought to have antidiarrheal properties. They may also lessen intestinal irritation, which lowers the peristaltic index (55). By lowering the intracellular Ca2+ inward current and promoting the calcium pumping mechanism, tannins have smooth muscle relaxant and spasmolytic actions (56). This plant was shown to contain α-terpineol, which similarly showed antimotility efficacy in intestinal contraction produced by bethanechol (57). The combined effects of three diarrheal factors, including intestinal motility, delay in the onset of diarrheal stool, and frequency of purging in the number of wet feces, are shown by the antidiarrheal index. The more successful the extract is at treating diarrhea, the higher the ADI value (58). The effectiveness of the aqueous extract in treating diarrhea is directly related to the fact that it achieved the highest ADI value at its high dose.
Conclusion
The investigation showed that the aqueous extract of G. kola combined with O. gratissimum has considerable antidiarrheal activities. In models of castor oil-induced diarrhea, the extract successfully slowed gastrointestinal motility and demonstrated a dose-dependent decrease in the weight and volume of intestinal contents. 800 mg/kg showed the strongest antidiarrheal action, indicating that higher dosages collect more of the bioactive substances that cause this effect. The observed antidiarrheal effects are probably caused by a variety of mechanisms, including increased colonic water and electrolyte reabsorption, inhibition of intestinal secretions and motility, and the presence of phytochemicals like tannins, flavonoids, alkaloids, saponins, phenols, and terpenoids. It is recommended that the aqueous extract be fractionated in subsequent research in order to identify the most potent fraction. Furthermore, clinical trials will be required to transfer the findings to human subjects because the data from animal models are insufficient to make a rational judgment regarding the extracts' potency.	Comment by LEGION: Based on which scientific facts or reason?
Implication for health policy/practice/research/medical education:	Comment by LEGION: Move it to the discussion part .
The findings of this research indicate that aqueous extract of Garcinia kola seed and its combination with Ocimum gratissimum leaves have antidiarrhoeal activity. These findings can be of help to healthcare personnel as it is needful to consider incorporating Garcinia kola seed and its combination with Ocimum gratissimum leaves in the treatment of diarrhoea both in children and adults. It will be a big relief for the diarrheic patients as the medicinal plants are easily accessible, available and affordable without any known adverse effects.
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