


Medicinal Attributes of Garuga pinnata Roxb.: A Systematic Exploration of Its Analgesic, Antidiarrheal, Hypoglycemic, and Cytotoxic Activities

Abstract
Aim: This study strived to investigate the phytochemical components and therapeutic potentials of Garuga pinnata Roxb. (Burseraceae) leaves, a prominent source of natural product-derived medicine, including analgesic, antidiarrheal, hypoglycemic, and cytotoxic properties. 
Methodology: The methanolic extract of G. pinnata leaves (MEGP) and its N-hexane (NHGP) and ethyl acetate (EAGP) fractions were evaluated upon the completion of phytochemical screening. The analgesic activity was conducted through the acetic acid-induced writhing method and the tail immersion method, while the antidiarrheal activity was evaluated using the castor oil-induced diarrheal model. The hypoglycemic effect was assessed through an oral glucose tolerance test (OGTT), whereas the brine shrimp lethality assay (BSLA) was used to assess the cytotoxic potential of the extract. 
Result: Phytochemical screening confirmed the presence of phenols, flavonoids, alkaloids, and tannins. In the writhing test, MEGP at 400 mg/kg exhibited the highest analgesic effect (p<0.001). Similarly, in the tail immersion test, MEGP at 400 mg/kg showed maximum response time (7.25 ± 0.11 s, p<0.001), indicating significant central analgesic activity. MEGP demonstrated higher inhibition of defecation and diarrhea compared to other fractions, highlighting its efficacy in reducing diarrheal symptoms. MEGP at 400 mg/kg significantly reduced blood glucose levels (4.6 ± 0.27 mmol/L, p<0.001), suggesting potent hypoglycemic activity. MEGP exhibited strong cytotoxic effects with an LC50 value of 52.58 µg/mL, compared to the standard vincristine sulfate (LC50 = 1.71 µg/mL). 
Conclusion: G. pinnata shows promise as a rich source of bioactive compounds for the treatment of pain, diarrhea, diabetes, and cancer. Further studies are warranted to differentiate and characterize the active constituents responsible for these pharmacological activities.
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1. Introduction
The use of natural substances in therapy has a long history, largely because of their ability to manage complex medical conditions while producing relatively few side effects and remaining cost-effective. Medicinal plants, in particular, owe their therapeutic value to the wide variety of chemical compounds that occur naturally within them. Over the years, scientific inquiry has allowed researchers to isolate and describe numerous phytochemicals, many of which demonstrate preventive benefits and exert diverse physiological effects. In recent decades, rapid advances in technology and analytical approaches—most notably metabolomics and genome mining—have provided powerful tools for exploring these bioactive constituents. Such progress has not only deepened our understanding of the pharmacological potential of medicinal plants but also accelerated the identification of novel compounds with promising therapeutic applications [1]. 
Pain is a complex and variable phenomenon, commonly treated with analgesics, such as nonsteroidal anti-inflammatory drugs (NSAIDs), which often lead to adverse effects like gastrointestinal discomfort, ulceration, and bleeding, while opiates carry risks of tolerance and dependency [2]. 
Diarrhea is defined as the passage of three or more loose stools and is characterized by increased gastrointestinal motility, excessive secretion, and reduced absorption of fluids and electrolytes [3]. It remains a significant cause of morbidity and mortality, particularly among children and young animals in developing countries. Medicinal plants are considered a promising source of antidiarrheal drugs [4], [5], prompting international organizations like the WHO to encourage research into traditional medicinal practices for the treatment and prevention of diarrheal diseases  [6]. Currently available drugs often come with adverse effects, contraindications, and challenges such as antibiotic resistance, limiting their efficacy [7], [8]. The high prevalence of diarrhea in developing countries, combined with limited healthcare access and the drawbacks of existing treatments, highlights the potential of traditional medicines as effective and accessible alternatives for managing this condition.
Hyperglycemia is another health problem related to diabetes mellitus and which can be attributed to an immediate or long-term insulin deficit, along with cellular insulin resistance. Insulin and sulfonylureas effectively alleviate acute symptoms but fail to cure the disease or prevent its chronic complications [9]. This limitation highlights the need for continued research into alternative hypoglycemic agents, particularly those derived from plants, because plants have been a cornerstone of traditional medicine, used to treat various ailments in both humans and animals from the dawn of human civilization [10].
Cancer remains one of the leading causes of death globally, prompting significant efforts to develop effective strategies to combat this disease. Chemotherapy is a cornerstone of modern cancer treatment, with numerous clinically available drugs used to manage leukemia, lymphoma, and solid tumors [11].  Notably, many plant-derived compounds have proven highly successful in cancer chemotherapy, underscoring the critical role of plants as a source of novel anticancer agents. Researchers have highlighted the significance of natural products, with over 50% of approved chemotherapeutic agents being derived from or inspired by natural compounds [12]. This emphasizes the continued importance of exploring plants for the discovery of new and effective anticancer therapies.
Garuga pinnata Roxb. (Burseraceae), locally known as Nilbhadi, is widely distributed across India, often found in mixed deciduous forests as a sporadic associate of teak and sal trees [13]. Traditionally, its leaves are used to treat conjunctivitis-related opacities, while its fruits are employed as a stomachic and cooling agent [14]. The leaf juice, when mixed with honey, is utilized for asthma treatment [15]. Scientific studies have demonstrated that the aqueous extract of its stem bark inhibits lipid peroxidation [16], and its methanol extract exhibits potent free radical scavenging activity in vitro [17]. Additionally, the methanol extract of the stem bark has shown promising anticancer effects on human breast cancer cell lines, such as MCF-7 and MDA-MB-231 [18]. In light of these pharmacological properties, the present investigation aims to elucidate the analgesic, antidiarrheal, hypoglycemic, and cytotoxic activities of G. pinnata leaves through in vivo and in vitro approaches.

2. Materials and methods
2.1 Drugs and chemicals
We bought analytical-grade methanol, chloroform, and colchicine from Merck in Germany. Glibenclamide 75 mg (BEXIMCO Bangladesh Ltd., Dhaka, Bangladesh), diclofenac sodium 100 mg SQUARE Pharmaceuticals Ltd., Dhaka, Bangladesh), and loperamide 10 mg (MSL tablet, UniHealth Pharmaceutical Ltd., Dhaka, Bangladesh) were among the standard medications gathered from different manufacturers. For specific assays, all commercially available standard medications were utilized as stock solutions without additional purification.
2.2 Collection and identification of the plant
The leaves of Garuga pinnata were gathered from the Botanical Garden of the University of Chittagong, Chattogram, Bangladesh, in October 2024. The plant was authenticated as Garuga pinnata Roxb. by Dr. Shaikh Bokhtear Uddin, Taxonomist and Professor, Department of Botany, University of Chittagong.
2.3 Preparation of extract
Following the leaves' drying process, a coarse powder was created using a grinding machine (Xiangrong, China). Before additional examination, the powder was kept in a dark atmosphere at a temperature of 30 °C ± 2 °C and a relative humidity of 70 ± 5%. 200 grams of powdered G. pinnata were measured using an analytical balance (AS 202.R2 Plus Radwag). A Soxhlet apparatus (SE-250~2000, Guangdong, China, Pyrex, Glass) was used to extract the powder rapidly using 1000 milliliters of methanol. At temperatures kept below 50 °C, the solvent was evaporated using a collection, filtering, and rotary evaporation method (Wincom, 52A, Guangdong, China). A sticky concentration consistency was produced after the solvent evaporated. To get the required amounts, it was repeated multiple times, and the extracts were mixed. Before the test, the G. pinnata leaf extract was kept in a glass vial at 4°C [19].
2.4 Solvent-solvent partition
The dried methanolic crude extract was suspended in distilled water and then subjected to solvent-solvent partitioning using a modified Kupchan technique [20]. N-hexane and ethyl acetate were successively fractionated in separatory funnels to yield the relevant solvent fractions. Each solvent fraction was dried under low pressure in a rotary evaporator and stored at 4 °C for further pharmacological analysis.
2.5 Experimental animals
The Bangladesh Council of Scientific and Industrial Research (BCSIR), Chattogram and Rajshahi, provided us with healthy Swiss albino mice of both sexes, weighing 20–25 g and 6–7 weeks, for our study. For two weeks before the trials, the mice were kept in plastic cages with a controlled temperature of 25 ± 1 °C, a humidity of 55–65%, and a 12-hour light/dark cycle. They were also given water and food prepared by BCSIR. They were made to feel less uncomfortable.
2.6 Acute oral toxicity
Under OECD rules for chemical testing, Test No. 423 [21], an acute oral toxicity study was conducted. In the toxicity research, five rats were given oral gavages of GP at single doses of 1000, 2000, or 4000 mg per kilogram of body weight. Food was stopped for three to four hours after the dose was administered. Throughout the first 30 minutes following medication and at regular intervals for the first 24 hours, each animal was attentively monitored. To document any delayed toxicity, they were monitored for a total of three days. Autonomic and central nervous system (CNS) function, respiratory and circulatory rates, mucosal membranes, skin, fur, and eyes were all altered. The effective therapeutic dose was determined using the median lethal dose (LD50 > 2.0 g/kg) [22].
2.7 Analgesic Activity
2.7.1 Acetic acid-induced writhing test
A common technique for assessing G. pinnata's analgesic potential was the acetic acid-induced writhing method [23]. Two doses of the test extracts (200 and 400 mg/kg body weight), vehicle (10 mL/kg body weight), and diclofenac sodium (10 mg/kg body weight) were administered orally 40 minutes before the intraperitoneal injection of 0.7% acetic acid following an overnight fast. Each animal's total number of writhings was recorded for 15 minutes, five minutes after the acetic acid was administered. The percentage inhibition of writhing was calculated as follows [24]:

Here, A = Average writhes in the control group,
B = Average writhes in the test group.

2.7.2 Tail immersion test
The tail immersion method, which was devised and described by Gawel et al. [25], was used to evaluate the central analgesic property. This approach is predicated on the finding that medications with morphine-like effects can prolong the mice's tail's abandonment from warm water. One to two centimeters of the rodents' tail was immersed in hot water that was kept at 54 ± 0.5 °C after the animal had been treated with diclofenac sodium or extracts. The latency duration of the tail-withdrawal reaction was measured at 30, 60, 90, and 120 minutes following the administration of the medication and extracts. To prevent harm to the tail tissue, the latency period was limited to 20 seconds [26].
2.8 Antidiarrheal activity
2.8.1 Castor oil-induced diarrhea
This test was performed based on the method described by Awouters et al. [27]. Twenty mice were fasted for 18 hours and divided into four groups, each containing five animals. The first group received distilled water (10 ml/kg) as the negative control, while the second group received loperamide (3 mg/kg) as the positive control. Groups 3 and 4 were administered 200 and 400 mg/kg of the extract, respectively. After one hour, all animals were orally given 0.5 ml of castor oil and placed in separate metabolic cages. The severity of diarrhea was assessed over 4 hours by counting the total number of feces (dry and wet). The mean total fecal output for the negative control group was considered 100%, and the percent inhibition of total defecation and diarrhea was calculated using the following formulas[28].

Here, A = Total number of feces in the negative control,
B = Total number of feces in the treated group

Here, A = Total number of diarrheal feces in the negative control,
B = Total number of diarrheal feces in the treated group.

2.9 Hypoglycemic Activity
2.9.1 Glucose tolerance test
The efficacy of the leaf extracts that showed hypoglycemia potential in the screening tests was assessed using the Oral Glucose Tolerance Test (OGTT).  Mice that had fasted overnight were given extracts (MEGP/NHGP/EAGP) at concentrations of 200 mg/kg or 400 mg/kg; the control group received NaCl 0.9%.  Blood glucose levels were assessed before and 120 and 210 minutes following the administration of oral extracts and intraperitoneal injections, respectively.  Following this time point, 3 g/kg of oral glucose was given, and the OGTT was used to test blood glucose levels at 0, 30, 60, and 120 minutes [29].
2.10 Cytotoxic activity
2.10.1 Brine shrimp lethality assay
A brine shrimp lethality assay was conducted to evaluate the cytotoxic potential of various plant extracts. To simulate saltwater, 38 g of NaCl was dissolved in 1000 mL of distilled water, with NaOH added to maintain a consistent pH [30]. Brine shrimp eggs were hatched in this synthetic saltwater to obtain nauplii. Dimethylsulfoxide (DMSO) was used to prepare test samples at varying concentrations (25 μg/mL to 100 μg/mL). Vincristine sulphate served as the reference standard at the same concentration range (25 μg/mL to 100 μg/mL), while DMSO acted as the negative control. Nauplii were visually counted at room temperature (25°C) and transferred to vials containing 5 mL of simulated saltwater. Samples at different concentrations were added to the pre-marked vials using a micropipette. After 24 hours, the surviving nauplii were recorded to assess cytotoxicity [31].

Here, A = Number of nauplii taken,
B = Number of nauplii alive
2.11 Statistical analysis
The mean ± standard error of the mean (SEM) is how the data are displayed. A one-way ANOVA following the Dunnett t-test was used for statistical analysis. At the *p < 0.05, **p < 0.01, and ***p<0.001 levels, differences are considered statistically significant. MS Excel 2024 and GraphPad Prism 8.0.1 software were used to process the results.

3. Result
3.1 Phytochemical Screening
The phytochemical results of the methanolic leaf extract of G. pinnata are shown in Table 1.
Table 1. Result of phytochemical screening of the methanolic leaf extract of G. pinnata. 
	SL No.
	Phytochemicals
	Methanolic extract of G.  pinnata leaves

	1
	Alkaloids
	+

	2
	Tannins
	+

	3
	Flavonoids
	+

	4
	Saponins
	+

	5
	Glycosides
	+

	6
	Cardiac glycosides
	-

	7
	Carbohydrates
	-

	8
	Proteins
	-

	9
	Terpenoids
	+

	10
	Steroids
	+

	11
	Phenols
	+


 
Note: (+) =Presence of phytochemicals; (-) =Absence of phytochemicals.
3.2 Acute Oral Toxicity
The methanolic leaf extract of G. pinnata was determined to be safe in the oral acute toxicity test with a limit dose of 2000 mg/kg body weight since no mortality or notable toxicity symptoms were observed in the 14-day observation of the test mice. This outcome demonstrates that the plant extract's LD50 is higher than 2000 mg/kg.
3.3 Analgesic Activity
3.3.1 Acetic Acid-Induced Writhing Method
The acetic acid-induced writhing inhibition method was used to screen for analgesic efficacy in the methanolic leaf extract of G. pinnata and its various solvent-soluble fractions, and the extracts were administered at 200 and 400 mg/kg body weight in order to conduct the test. Table 2 displays the outcome. Compared to the control, which was equivalent to the standard medication diclofenac sodium (59.70% inhibition, p < 0.001), MLGP caused a significant (p < 0.001) reduction in the number of writhing in a dose-dependent manner, with 43.28 % and 31.34 % of inhibition at the dose of 400 mg/kg and 200 mg/kg body weight, respectively. At 400 mg/kg and 200 mg/kg body weight, respectively, the soluble fractions of ethyl acetate and n-hexane demonstrated dose-dependent moderate to mild antinociceptive efficacy (Figure 1).
[bookmark: _Hlk201092432]Table 2. Evaluation of Analgesic activity of methanolic leaf extract and its different fractions of G. pinnata. 
	Treatment
	Dose (mg/kg)
	Number of Writhing
(Mean ± SEM)
	% Inhibition of Writhing

	Control
	10 mL/kg
	40.20 ± 1.43
	-

	Diclofenac Na
	10
	16.20 ± 0.68***
	59.70

	MLGP
	200
	27.60 ± 2.14***
	31.34

	MLGP
	400
	22.80 ± 1.71***
	43.28

	NHGP
	200
	36.00 ± 1.70
	10.45

	NHGP
	400
	32.20 ± 1.88*
	19.90

	EAGP
	200
	31.80 ± 2.42**
	20.90

	EAGP
	400
	29.00 ± 1.22***
	27.86


[bookmark: _Hlk201092566]Note: Values are expressed as Mean ± SEM; n=5. One-way ANOVA followed by Dunnett’s t-test. ***p ˂ 0.001, **p ˂ 0.01, *p ˂ 0.05 is statistically significant with compared to control. MLGP = Methanolic leaves extract of Garuga pinnata; NHGP = N-hexane soluble fraction of Garuga pinnata leaves; EAGP = Ethyl acetate soluble fraction of Garuga pinnata leaves.

Figure 1. Evaluation of Analgesic Activity of G. pinnata through the Acetic Acid-Induced Writhing Method.
3.3.2 Tail Immersion Method 
The test involved administering extracts at doses of 200 mg/kg and 400 mg/kg body weight, with the tail withdrawal reflex time showing nearly similar increases with higher sample doses compared to the standard drug (Figure 2). A highly significant effect (p < 0.001) was observed following treatment with MLGP at 400 mg/kg after 90 minutes, yielding a mean reaction time of 7.25 ± 0.11. Similarly, NHGP and EAGP administered at the same dose of 400 mg/kg also showed notable effects at 90 minutes, with reaction times of 5.07 ± 0.19 and 5.33 ± 0.11, respectively (Table 3).
[bookmark: _Hlk201096983]Table 3. Evaluation of Analgesic activity of methanolic leaf extract and its different fractions of Garuga pinnata. 
	Treatment
	Dose (mg/kg)
	Response time (sec)

	
	
	0 min
	30 min
	60 min
	90 min
	120 min

	Control
	10 mL/kg
	2.76 ± 0.11
	3.02 ± 0.05
	3.29 ± 0.07
	3.77 ± 0.07
	3.96 ± 0.09

	Morphine
	10
	2.63 ± 0.06
	7.04 ± 0.11***
	8.61 ± 0.12***
	8.21 ± 0.09***
	7.58 ± 0.12***

	MLGP
	200
	2.72 ± 0.16
	3.66 ± 0.14**
	4.44 ± 0.17***
	5.15 ± 0.14***
	5.01 ± 0.10***

	MLGP
	400
	2.51 ± 0.14
	4.64 ± 0.15***
	5.95 ± 0.26***
	7.25 ± 0.11***
	6.38 ± 0.29***

	NHGP
	200
	2.79 ± 0.11
	3.26 ± 0.14
	3.65 ± 0.09
	4.19 ± 0.13
	4.2 ± 0.14

	NHGP
	400
	2.65 ± 0.11
	3.46 ± 0.17
	4.24 ± 0.14***
	5.07 ± 0.19***
	4.97 ± 0.13***

	EAGP
	200
	2.68 ± 0.10
	3.26 ± 0.14
	3.85 ± 0.13
	4.32 ± 0.10*
	4.2 ± 0.14

	EAGP
	400
	2.48 ± 0.10
	4.06 ± 0.12***
	5.04 ± 0.11***
	5.33 ± 0.11***
	5.13 ± 0.08***


[bookmark: _Hlk201097140]Note: Values are expressed as Mean ± SEM; n=5. One-way ANOVA followed by Dunnett’s t-test. ***p ˂ 0.001, **p ˂ 0.01, *p ˂ 0.05 is statistically significant with compared to control. MLGP = Methanolic leaves extract of G. pinnata; NHGP = N-hexane soluble fraction of G. pinnata leaves; EAGP = Ethyl acetate soluble fraction of G. pinnata leaves.


Figure 2. Evaluation of Analgesic Activity of G. pinnata through the Tail Immersion Method.


3.4 Antidiarrheal Activity
3.4.1 Effects on Castor Oil-Induced Diarrhea
[bookmark: _Hlk201099574]Table 4 demonstrates the antidiarrheal activity of the methanolic leaf extract of G. pinnata and its different solvent fractions at two dose levels, observed over 4 hours after castor oil administration. When compared to the negative control, only the higher dose of the MLGP extract significantly decreased both the total number of fecal droppings (p < 0.001) and the number of diarrheal stools (p < 0.01), resulting in a 67.82% inhibition of defecation and a 62.05% reduction in diarrhea (Figure 3).
Table 4. Effects of methanolic leaf extract and its different fractions of G. pinnata on castor oil-induced diarrhea.
	Treatment (mg/kg)
	Total number of feces
	Inhibition of defecation (%)
	Total number of diarrheal feces
	Inhibition of diarrhea (%)

	Control
	17.4 ± 0.93
	-
	9.67 ± 0.88
	-

	Loperamide (5 mg/kg)
	5.2 ± 0.37***
	70.11
	2.33 ± 0.33**
	75.90

	MLGP 200
	6.2 ± 0.58***
	64.37
	4.67 ± 0.33*
	51.71

	MLGP 400
	5.6 ± 0.51***
	67.82
	3.67 ± 0.88**
	62.05

	NHGP 200
	15.2 ± 0.66
	12.64
	9.33 ± 1.33
	3.52

	NHGP 400
	12.2± 0.66***
	29.89
	8.67 ± 1.45
	10.34

	EAGP 200
	9.2 ± 0.58***
	47.13
	8.33 ± 1.20
	13.86

	EAGP 400
	7.4 ± 0.51***
	57.47
	7.67 ± 0.67
	20.68


[bookmark: _Hlk201099247][bookmark: _Hlk201193163]Note: Values are expressed as Mean ± SEM; n=5. One-way ANOVA followed by Dunnett’s t test. ***p ˂ 0.001, **p ˂ 0.01, *p ˂ 0.05 is statistically significant with compared to control. MLGP = Methanolic leaves extract of G. pinnata; NHGP = N-hexane soluble fraction of G. pinnata leaves; EAGP = Ethyl acetate soluble fraction of G. pinnata leaves.


[bookmark: OLE_LINK1]Figure 3. Evaluation of Antidiarrheal Activity of G. pinnata through the Castor Oil-Induced Diarrheal Test.
3.5 Hypoglycemic Activity
3.5.1 Oral Glucose Tolerance Test (OGTT)
[bookmark: _Hlk203111022]Using an oral glucose tolerance test, the methanolic extract of G. pinnata and its multiple fractions at doses of 400 mg/kg and 200 mg/kg body weight were screened for hypoglycemic action. Table 5 displays the outcome. Both the 400 mg/kg and 200 mg/kg dosages of the extract MEGP were shown to significantly (***p < 0.001) lower blood glucose levels at 60 minutes when compared to the control; however, the 400 mg/kg dose of MLGP exhibited greater hypoglycemic activity (4.6 ± 0.27), which was closer to that of the standard glibenclamide (3.52 ± 0.12). The other fractions showed moderate hypoglycemic activity (Figure 4).
Table 5. Hypoglycemic activity of methanolic leaf extract of G. pinnata.
	Treatment (mg/kg)
	[bookmark: _Hlk203111044]Blood Glucose Level (mmol/L)

	
	0 min
	30 min
	60 min
	120 min

	Control
	4.4 ± 0.07
	14.42 ± 0.10
	7.76 ± 0.25
	6.18 ± 0.12

	Glibenclamide (10 mg/kg)
	4.26 ± 0.12
	10.66 ± 0.29***
	3.98 ± 0.18***
	3.52 ± 0.12***

	MLGP 200
	4.18 ± 0.10
	12.5 ± 0.41**
	5.3 ± 0.19***
	4.94 ± 0.27**

	MLGP 400
	4.16 ± 0.12
	11.98 ± 0.51**
	4.7 ± 0.16***
	[bookmark: _Hlk201099693]4.8 ± 0.27***

	NHGP 200
	4.21 ± 0.16
	12.34 ± 0.66*
	6.67 ± 0.36
	5.17 ± 0.44

	NHGP 400
	4.14 ± 0.12
	13.12 ± 0.44*
	5.44 ± 0.58**
	4.98 ± 0.66**

	EAGP 200
	4.23 ± 0.24
	10.67 ± 0.26***
	6.13 ± 0.88
	5.46 ± 0.58

	EAGP 400
	4.20 ± 0.10
	11.66 ± 0.24**
	6.05 ± 0.24*
	5.09 ± 0.24


Note: Values are expressed as Mean ± SEM; n=5. One-way ANOVA followed by Dunnett’s t test. ***p ˂ 0.001, **p ˂ 0.01, *p ˂ 0.05 is statistically significant with compared to control. MLGP = Methanolic leaves extract of G. pinnata; NHGP = N-hexane soluble fraction of G. pinnata leaves; EAGP = Ethyl acetate soluble fraction of G. pinnata leaves.

Figure 4. Evaluation of Hypoglycemic Activity of G. pinnata through the Oral Glucose Tolerance Test
3.6 Cytotoxic Activity
3.6.1 Brine Shrimp Lethality Test
[bookmark: _Hlk203111166]The cytotoxic activity of G. pinnata's crude methanolic extract and its various soluble fractions against brine shrimp nauplii was examined. Comparing the MLGP extract to the standard medication (1.71 µg/mL), the LC50 value was 52.58 µg/mL, indicating significant cytotoxicity. The NHGP and EAGP fractions had LC50 values of 111.39 µg/mL and 129.28 µg/mL, respectively, which showed modest cytotoxicity when compared to the standard. Figures 5 and 6 exhibit the findings.
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[bookmark: _Hlk201194277]Figure 5. Plot of percentage of mortality and regression line of A) Vincristine sulfate, B) MLGP, C) NHGP, and D) EAGP. MLGP = Methanolic leaves extract of G. pinnata; NHGP = N-hexane soluble fraction of G. pinnata leaves; EAGP = Ethyl acetate soluble fraction of G. pinnata leaves.

Figure 6. Median lethal concentration (LC50) of Vincristine sulfate, methanolic leaves extract, and its different fractions. MLGP = Methanolic leaves extract of G. pinnata; NHGP = N-hexane soluble fraction of G. pinnata leaves; EAGP = Ethyl acetate soluble fraction of G. pinnata leaves.

4. Discussion
Medicinal plants are becoming increasingly important in novel drug discovery since they contain unique chemicals with a range of activities to treat various illnesses. To explore the novel therapeutic potentials of G. pinnata leaves and validate its traditional medicinal usage, several pharmacological activities of different fractions of this plant's leaves were scrutinised in this study.
The acetic acid-induced writhing test is a highly recommended model for evaluating the peripheral analgesic potentials of test compounds due to its sensitivity and capacity to identify antinociceptive effects of natural products and test compounds at dose levels that are inert for other methods [32].  When mice receive intraperitoneal acetic acid, the biosynthesis of prostaglandins via the arachidonic acid pathway generates pain, which is ultimately indicated as writhing reflexes [33]. Our results showed that MLGP exerted a dose-dependent depletion in the percentage of inhibition of writhes in mice. Another two fractions, NHGP and EAGP, gave moderate effects. The data were highly significant (p<0.001) for both dosages of MLGP and EAGP 400. 
The tail immersion testing approach is based on the findings that morphine-like substances selectively extend the time necessary for mice to react to the usual tail withdrawal reflex. An increase in the latency period or pain reaction time (PRT) signifies the degree of analgesia provided by the drug or extract [34]. Investigations of this work unveiled that MLGP 400 exhibited the most significant (p<0.001) mean reaction time (7.25 ± 0.11 s) at 90 minutes. NHGP 400 and EAGP 400 also provided noteworthy responses at the same time. We can assume from the findings of the acetic acid-induced writhing technique and tail immersion method that the extract exhibited its analgesic effect in both central and peripheral pathways. The phytochemical analysis confirmed the presence of flavonoids, tannins, phenols, and alkaloids, known for having analgesic potential. Flavonoids can block the synthesis of eicosanoids and arachidonic acid, while pyridine-based alkaloids provide antinociceptive effects.
The castor oil-induced diarrheal model is a standard method for evaluating antidiarrheal medications. Castor oil contains ricinolic acid, an active metabolite that inhibits fluid and electrolyte absorption, leading to diarrhea [35]. In this respect, our work revealed that several G. pinnata leaf fractions were significantly antidiarrheal in gastrointestinal tract alterations induced by castor oil. However, in the antidiarrheal models, the extract MLGP showed the most inhibitory activity. For the plant species to be employed in antidiarrheal formulations, the function, as mentioned earlier, must be explained together with the potential method by which the extract exerts effects. 
The hypoglycemic assay demonstrated that, compared to the normal control group, the methanol extract of G. pinnata leaves (MLGP) at dosages of 200 and 400 mg/kg body weight considerably (p<0.001) lowered blood glucose levels at 60 minutes into the OGTT. When compared to the normal control group, the extract's significant (p<0.01) hypoglycemic effect persisted only at 120 minutes at the lower dose (200 mg/kg body weight). The aqueous extract of G. pinnata bark was reported to have significant antidiabetic effects in a streptozotocin nicotinamide-induced type II diabetic rat model [13]. For the appropriate evaluation of the antidiabetic efficacy of G. pinnata leaves, extensive in vivo and in vitro investigations employing a variety of techniques are highly encouraged due to the paucity of research on the hypoglycemic aspects of G. pinnata leaves. The presence of popular hypoglycemic phytocomponents such as flavonoids, tannins, and alkaloids has strengthened the findings of the in vivo assay.
The MLGP extract exhibited possible cytotoxic action in this investigation using the brine shrimp lethality assay (LC50 = 52.58 µg/mL). Two more fractions (NHGP and EAGP) showed a moderate cytotoxic effect. These findings suggested that G. pinnata leaves had cytotoxic properties. 

5. Conclusion
The current investigation pointed out the in vivo analgesic, antidiarrheal, hypoglycemic, and in vitro cytotoxic potentials of the different fractions of G. pinnata leaves. There is currently little information on the bioactivity of this plant's leaves. Significant results from the antidiarrheal and analgesic tests support the utilisation of the herb for stomach problems and wound healing cases by the indigenous people. Furthermore, the fractions exhibited remarkable hypoglycemic and cytotoxic actions. Consequently, these findings foreshadow more research to gain a deeper understanding of the scientific process behind such acts.
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