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In Vivo and In Vitro Assessment of the Therapeutic Properties of Maesa indica 
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ABSTRACT 

	Aim:
The present study aimed to evaluate the phytochemical constituents and multidisciplinary therapeutic activities of Maesa indica leaves, focusing on its analgesic, antipyretic, antioxidant, anthelmintic, thrombolytic, cytotoxic, and neuropharmacological effects.
Study Design, Place, and Duration:
This experimental investigation was conducted in the Department of Pharmacy, University of Chittagong, Bangladesh, from November 2021 to October 2022.
Methodology:
Mature leaves of Maesa indica were collected, authenticated, dried, powdered, and extracted using methanol. Preliminary phytochemical screening was carried out to identify secondary metabolites. The methanolic crude extract was subjected to in-vitro assays to determine thrombolytic activity (clot lysis test), antioxidant capacity (DPPH radical scavenging assay), cytotoxicity (brine shrimp lethality bioassay), and anthelmintic activity using Pheretima posthuma. In vivo tests in Swiss albino mice evaluated analgesic activity (acetic acid-induced writhing), antipyretic effect (Brewer’s yeast-induced pyrexia model), and neuropharmacological responses (hole cross, elevated plus maze, and hole-board tests).
Results:
Phytochemical analysis revealed the presence of alkaloids, tannins, flavonoids, glycosides, phenols, and saponins. The extract demonstrated significant thrombolytic activity with 42.09% clot lysis compared to streptokinase. Antioxidant evaluation showed an IC₅₀ value of 91.15 µg/mL. Cytotoxicity testing yielded an LC₅₀ of 707.95 µg/mL. Analgesic studies revealed significant inhibition of writhing (53.4% at 400 mg/kg), while antipyretic testing showed a maximum reduction of hyperthermia by 90.17% at 4 hours post-treatment. Neuropharmacological assessments indicated anxiolytic activity, evidenced by increased open arm entries in the elevated plus maze and enhanced head-dipping behavior in the hole-board test. Additionally, significant anthelmintic activity was observed at higher extract concentrations.
Conclusion:
The findings confirm that Maesa indica possesses potent bioactive properties, validating its traditional medicinal uses. Its wide range of activities suggests that M. indica could serve as a promising candidate for the development of novel therapeutic agents. Further studies to isolate active constituents are recommended. 
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1. INTRODUCTION 

Medicinal plants have been integral to human healthcare since ancient times, serving as vital sources of therapeutic agents and forming the foundation for many modern pharmaceuticals (Petrovska, 2012). It is estimated that approximately 25% of all drugs in developed countries, including the United States, are derived from plants, whereas in emerging nations such as China and India, nearly 80% of medications are plant-based (Alabri, Al Musalami, Hossain, Weli, & Al-Riyami, 2014; Joy, Thomas, Mathew, & Skaria, 1998). Even today, plant-derived active compounds contribute significantly to global pharmacopeia, including in the development of anticancer therapies (Greenwell & Rahman, 2015). Bangladesh is particularly rich in floral diversity, with over 5,000 species of higher plants, of which more than 1,000 are recognized for their medicinal properties (Hasan, Hossain, Ali, & Alamgir, 2014). These plants play crucial roles in traditional healing systems like Ayurveda, Unani, and homeopathy. In recent decades, there has been a resurgence of interest in medicinal plants within the Western world, driven by the demand for novel bioactive compounds and safer therapeutic alternatives (Azmir et al., 2013; Farnsworth & Soejarto, 1991; Srivastava, Lambert, & Vietmeyer, 1996). Maesa indica (family: Primulaceae), commonly known as "Ramjani" or "wild berry," is a large shrub or small tree indigenous to regions such as Western Asia, New Guinea, the Philippines, China, Malaysia, and Indonesia (Barman, Barman, Das, & Ray, 2023; Itu et al., 2019). Characterized by its light green simple leaves, reddish-brown bark, and adaptability to both fallow lands and forests, M. indica is rich in diverse phytochemicals, including alkaloids, glycosides, flavonoids, tannins, saponins, phenols, and terpenes (Abdelgawad et al., 2024; Barman et al., 2023). These constituents are believed to confer multiple pharmacological properties, making M. indica a promising candidate for therapeutic evaluation. Previous research on Maesa species has highlighted their antibacterial, anthelmintic, and immune-boosting properties (Adamu, Naidoo, & Eloff, 2014; Elisha, Dzoyem, McGaw, Botha, & Eloff, 2016). Building on this background, the present study was designed to comprehensively assess the bioactive phytochemicals and the therapeutic activities of Maesa indica, focusing on its analgesic, antipyretic, anthelmintic, antioxidant, and neuropharmacological potentials. Pain (algesia) is a complex sensory and emotional experience typically resulting from tissue injury, inflammation, or malignancy (Javed, Jabeen, Aslam, & Awan, 2020). The analgesic activity of M. indica was evaluated using established models such as the acetic acid-induced writhing test, the hot plate method, and the formalin-induced pain model (Javed et al., 2020). Inflammation and infection can also trigger fever (pyrexia), a regulated elevation in body temperature mediated by pyrogenic cytokines (Dhargawe, Mahakalkar, Mohod, & Raj, 2021). To assess the antipyretic activity of M. indica, the Brewer’s yeast-induced pyrexia model was employed (Mohankumar, Prakash, Irfan, Mohanraj, & Kumarappan, 2022). Oxidative stress, resulting from an imbalance between reactive oxygen species and antioxidant defenses, is implicated in a wide range of diseases, including neurodegenerative disorders and inflammatory conditions (Chakraborty et al., 2021). The antioxidant potential of M. indica was determined through DPPH free radical scavenging assays and lethality bioassays using brine shrimp models.
Moreover, considering the traditional use of Maesa species in parasitic infections, the anthelmintic activity of M. indica was investigated, providing scientific validation for its ethnomedicinal claims. The neuropharmacological effects, including sedative and anxiolytic potentials, were explored through in vivo models, given the presence of bioactive compounds that may interact with central nervous system receptors. Through this multidisciplinary approach, this study aims to establish a scientific basis for the traditional uses of Maesa indica, revealing its potential as a source of novel therapeutic agents.
2. material and methods
 
2.1. Chemicals
Laboratory-grade chemicals such as methanol, n-hexane, dichloromethane, and ethyl acetate were utilized for plant material extraction, solvent–solvent partitioning, and in vitro and in vivo pharmacological testing.

2.2. Collection and identification of plants
In November 2021, the mature plant leaves were gathered from Bangladesh's Rangamati hill district. Dr Shaikh Bokhtear Uddin, a taxonomist and associate professor in the Department of Botany at the University of Chittagong, Hathazari, Chattogram-4331, verified the plant's identity as Maesa indica.

2.3. Preparation of crude extract
Unwanted elements or plant parts were removed from the gathered plant parts (leaves). After a thorough water wash, they were left to dry for a week in partially shaded sunlight. Using a high capacity grinding machine, the leaves were processed into a coarse powder in the Phytochemical Research Laboratory of the University of Chittagong's Biological Faculty. After that, it is maintained in a dry, dark, and cool environment in an airtight container. 800 grams of the powdered substance were placed in a 5-liter flask with a clean circular bottom and soaked in 3.5 liters of methanol. After being covered with foil, the container and its contents were stored for 15 days with periodic shaking and stirring. After that, the entire combination was filtered using a new cotton plug and, lastly, Whitman No. 1 filter paper.

2.4. Evaporation of the solvent
A Buchii Rota evaporator set to 60°C was then used to decrease the filtrate's volume. The crude extract weighed fifteen grams. The yield is kept in the refrigerator in a foil-sealed beaker.

2.5. Experimental Animal
Swiss-albino mice (Mus musculus) of either sex & 4-5 weeks of age & 25–35g in weight were employed from Chattogram's local suppliers of laboratory animals. Clean and dry polypropylene cages with a 12-hour light-dark cycle (temperature: 25±2°C & 45–55% humidity) was used to house them. The mice were given unlimited access to water and a typical laboratory diet & housed in the test environment at least 3-4 days before test. The ethical committee of the University of Chittagong's Department of Pharmacy, Faculty of Biological Sciences, reviewed and approved each experiment.

3. IN VITRO TEST OF MAESA INDICA 

3.1. Evaluation of Thrombolytic Effect
In vitro clot lysis test evaluates the thrombolytic activity of plant extract.7 ml of venous blood was extracted from five healthy volunteers, 0.5 ml blood was transferred to a pre-weighed, sterile microcentrifuge tube & incubated at 37°C for 45mins. After extracting the serum, each tube containing a clot was weighed to ascertain the weight of the clot. Here,

100μl solutions of extracts (1 mg/mL) were added in each tube. A positive control of streptokinase (100 μl) and a negative non-thrombolytic control(100μl) of distilled water were added to the tubes & examined for clot lysis after incubation for 90min at 37°C. The collected fluid was removed, and the tubes were weighed again to determine the weight change. Finally, the weight difference was calculated, and the result was shown as % of clot lysis (Bhowmick et al., 2014; Tabassum et al., 2017)

3.2. Evaluation of Cytotoxic activity 
3.2.1. Brine Shrimp Lethality Bioassay 
To produce nauplii, brine shrimp (Artemia salina leach) eggs are hatched in artificial seawater. The desired concentration of the test sample is prepared by dissolving the sample solutions in a calculated amount of 0.5% DMSO. After being visually inspected, ten nauplii are collected and placed in vials with 5mL of seawater simulation. Using a micropipette, the samples with varying concentrations (0.1–1.6 mg/ml) are added to the vials that have been previously indicated. Survivors are then counted after the vials are left for a full day. To estimate LC50 values, the data are analysed (Priyangaa Sathasivam & Lakshmi, 2017).
% of mortality can be calculated by using following equation: 

Here, 
 = Number of killed nauplii after 24 hrs of incubation,  
 = Number of total nauplii transferred 

3.3. Evaluation of Antioxidant Scavenging Activity
3.3.1. Evaluation of In-vitro Antioxidant activity by DPPH Radical scavenging method
DPPH (1,1-diphenyl-2-picrylhydrazyl) was used to access in vitro free radical scavenging activity of Maesa indica.3ml of DPPH methanol solution (20 µg/ml) was combined with 2ml of an extract solution at varying concentrations. By using a UV spectrophotometer (517 nm) to compare the plant extract's bleaching of a purple-coloured methanol solution of DPPH radical to that of ascorbic acid, the antioxidant capacity was evaluated (Blois, 1958).

3.4. Evaluation of Anthelmintic Activity
Anthelmintics or endectocides or parasiticides are the drugs that can kill or resist parasitic worm and can expel them from the body. Pheretima posthuma can serve as an appropriate model as it contains morphological similarities to human intestinal parasitic roundworms. Five different concentrations(2.5mg/ml-20mg/ml) of extracts, chloroform soluble fractions and aqueous fractions of leaves were placed in different petridish, each containing 5 roundworms. Mean time of paralysis was recorded & the death time (approximately 200mins) was considered when the worm neither moved after vigorous shaking or external stimulus compared with reference standard Albendazole(15mg/ml) (Islam et al., 2023).
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4.1. Evaluation of Neuropharmacological Effect
4.1.1. By Hole cross test
Hole cross test is a method of observing the behavioural and exploratory or locomotor activity of mice reflecting the anxiolytic or angiogenic characteristics of a dose. Here a cage of 30 × 20 × 14 cm with a divider of a height 7.5 cm is used with a 3 cm diameter opening in the middle of the cage. On 0, 30, 60, 90, and 120 minutes after the oral administration of doses like control, standard (Diazepam), sample or plant extract, the number of crossings through the hole from one chamber to the next one was counted for three minutes (Takagi, Watanabe, & SAITO, 1971).

4.1.2. Elevated plus maze 
The elevated plus maze test links between fear and exploration depends on spontaneous behaviour. Its shape is like a plus sign, which is 40cm above from the ground, has two open arms (30 × 5 cm, enclosed by a 0.25 cm high border) & two closed arms (30 × 5 cm, surrounded by 25 cm high walls). The mice were placed in the middle, facing one of the open arms and allowed to move freely. They’re treated with saline as placebo, the standard drug Diazepam & several test samples.  If the number of total entries and time spent (for each 5-minute session) in open arms is more than closed one, it’s a proof that plant extract has proper anxiolytic effect on them (Pellow, Chopin, File, & Briley, 1985).  

4.1.3. Hole-board method
The hole-board is a tool used to measure anxiety, fear or locomotor activity of mice after administration of a specific dose. A hardwood board of 20 cm × 40 cm used with 16 evenly placed holes consists of an enclosed arena where head-dipping occurs. Here, lower frequency of head-dipping is a result of significant anxiety-like conditions. Thirty minutes after treatment, each mouse was placed on the board separately for a five-minute trial, the number of head dipping was counted using a tally counter that is inversely proportional to anxiety & directly proportional to the anxiolytic effect of the drug (Takeda H, 1998).

4.2. Evaluation of Peripheral Analgesic Effect
4.2.1. Acetic acid induced writhing method  
An experimental method to evaluate the analgesic or pain- relieving properties of administered doses where inducing pain perception is done first that is resulting in writhing responses. Diclofenac: a standard medication,15mins after administering it &30mins after giving the extract,0.7% glacial acetic acid(10ml/kg) is injected intraperitonially to induce pain.[30] Writhing or stretching of hindlimb or abdominal contractions occurs. After 5mins, each mouse was carefully monitored for 20mins to count writhing. Percentage reduction in writhing denotes analgesia. The following formula was used to compute protection (%) against acetic acid: (Bachhav, Gulecha, & Upasani, 2009; Koster, Anderson, & De Beer, 1959)

Here,
A = Number of writhing in the control group
B = Number of writhing in the test group

4.3. Evaluation of Antipyretic Activity
Brewer's yeast induced pyrexia method is used in evaluating antipyretic activity. Normal body temperature of each mouse is recorded. 20% aqueous Brewer's yeast suspension (10 ml/kg) was injected subcutaneously to produce pyrexia. The mice were fasted for at least 18-24 hours. A rise of at least 0.5°C than normal body temperature(36.8+0.7°C) would be considered as pyrexia (Bhowmick et al., 2014). Then test samples were administered to every mouse and rectal temperature was measured once more. The following formula was then used to determine the % decrease in pyrexia: (Safari, Ngugi, Orinda, & Njagi, 2016)
                                                  
              Here,
              A = Normal body temperature
              B = Rectal temperature at 18-24h after Brewer yeast administration
              C = Rectal temperature after administration of doses at the different time interval

4.4 Statistical Analysis
The results of each study were displayed as mean ± SEM (Standard Error of Mean). The statistical software Statistical Package for Social Science (SPSS, version 16.0) was utilized to analyse the data using a post hoc Dunnett's t-test and a one-way ANOVA. When compared to the control, the p-values less than 0.05, 0.01, and 0.001 (p<0.05, **p<0.01, **p<0.001) were deemed statistically significant. The graph has been created using Microsoft Excel.
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Figure 1: Pharmacological activities of Maesa indica leaves extract (In vivo, in vitro approaches)

5. RESULTS

5.1 Preliminary Phytochemical Screening
The preliminary phytochemical evaluation of methanolic extract of Maesa indica confirmed the presence of alkaloids, carbohydrate, glycosides, tannins, phenols, flavonoids, phytosterols on the other hand, it showed protein is absent in here.
Table 1: Phytochemical screening of methanolic extracts of Maesa indica leaves extracts
	Serial No.
	Secondary metabolites
	Name of the tests
	Result

	1
	Alkaloid
	Wagner's test
Mayer's test
	+
+

	2
	Tannin
	Ferric chloride test
Lead subacetate test
	+
+

	3
	Steroid
	Salkowski reaction test
Libermann–Burchard's test
	+
+

	4
	Flavonoids
	Zinc hydrochloric acid reduction test
Lead acetate test
	+
+

	5
	Saponins
	Shake or foam test
Foam test
	+
+

	6
	Glycosides
	Sodium hydroxide reagent test

	+

	7
	Phenol
	Ferric chloride test
Lead acetate test
	+
+

	8
	Carbohydrate
	Molisch's test

	+

	9
	Protein
	Biuret test
Xanthoproteic test
	-
-


Bioavailability key: (+) ve = Presence, (-) ve = Absence
5.2. Thrombolytic Activity:

The methanolic extract of Maesa indica significantly enhanced clot lysis compared to the control. The extract showed 42.09% (P<0.001) clot lysis, while the standard streptokinase produced 68.82% (P<0.001) clot lysis, as shown in Table 1. This indicates that the extract possesses moderate thrombolytic activity compared to the standard.

Table 2: Effect of methanolic extract of Maesa indica in clot lysis of human blood in vitro
	Sample
	% of clot lysis
(Mean ± SEM)

	Control
	12.25 ±4.74

	Streptokinase (30,000 I.U.)
	68.82±5.53***

	ME
	42.09±4.74***


Note: Each value represents the mean ± SEM. (n=5). One- way ANOVA followed by Dunnett’s t test. ****P<0.0001, ***P<0.001, **P<0.01 compared with control and standard. ME = Methanolic Extract.
5.3. Cytotoxicity:
The brine shrimp lethality assay demonstrated that the methanolic extract of Maesa indica exhibited cytotoxic activity with an LC₅₀ value of 707.95 µg/ml, whereas the standard vincristine sulfate showed a significantly lower LC₅₀ value of 1.83 µg/ml (Table 2), indicating that the extract has mild cytotoxic potential.
Table 3: Effect of methanolic extract of Maesa indica on Brine Shrimp Nauplii
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	LC50 (μg/ml)

	Vincristine sulfate
	1.83

	Methanolic extract
	707.95

	
	

	
	

	
	



5.4. Analgesic:
The methanolic extract of Maesa indica demonstrated significant analgesic activity in the acetic acid-induced writhing model. At doses of 200 mg/kg and 400 mg/kg, the extract produced 38.5% and 53.4% inhibition of writhing respectively (P<0.001), compared to 81.95% inhibition by the standard drug (Table 3). The effect was dose-dependent, with higher doses showing greater analgesic effects.

Table 4: Analgesic activity of methanolic extract of Maesa indica 
	Animal 
Group
	Number of Writhing 
(Mean ± SEM)
	% of Inhibition of 
Writhing

	Control 
	41±2.81 
	0

	Standard 
	7.4±0.43** 
	81.95

	ME-200 
	25.2±0.90** 
	38.5

	ME-400 
	19.1±1.01** 
	53.4


Note: Each value represents the mean ± SEM. (n= 5). One- way ANOVA followed by Dunnett’s t test. **P<0.001, *P<0.05 compared with control. ME = Methanolic Extract.

5.5. Elevated plus maze:
The methanolic extract of Maesa indica significantly increased the time spent and the number of entries into the open arms in a dose-dependent manner (Table 4). At 400 mg/kg, there was a highly significant increase (P<0.001) compared to the control group. This suggests anxiolytic activity, although the effects were lower than those produced by the standard drug.

Table 5: Data obtained from elevated plus maze (EPM) test 
	

Group 
	(Mean ± SEM)

	
	Open arm
	Closed arm

	
	Time spent (sec) 
	Number of 
entries
	Time spent (sec) 
	Number of 
entries

	Control 
	10.79±2.62 
	3.8±0.66 
	289.21±2.68 
	12.4±1.50

	Standard 
	68.12±5.38*** 
	13.2±1.15*** 
	231.88±3.74*** 
	8.6±0.75***

	ME-200 
	27.41±6.65 
	5.6±0.98 
	272.56±6.65 
	13±0.71

	ME-400 
	49.62±4.26*** 
	7.4±1.02** 
	250.58±4.15*** 
	12.2±0.86**


Note: ME: Methanolic Extract. Results were expressed as Mean ± SEM; *P<0.05, **P<0.01, ***P<0.001 were considered statistically significant compared to control.

5.6. Hole board test
The methanolic extract increased the frequency of head dipping in a dose-dependent manner (Table 5). A significant increase (P<0.05) was observed for both doses, with ME-400 showing a stronger effect, though slightly less than the standard drug. This behavior is indicative of anxiolytic properties.

Table 6: Data obtained from hole-board experiment 
	Animal Group
	Frequency of Dipping 
(Mean ± SEM)

	Control
	30.6±2.93

	Standard
	73.4±2.03***

	ME-200
	55.6±3.53*

	ME-400
	69.2±4.83*


Note: ME: methanolic extract. Result was expressed as Mean ± SEM; *P<0.05, **P<0.01,  
***P<0.001 were considered statistically significant compared to control.

5.7. Antipyretic
The methanolic extract of Maesa indica significantly reduced yeast-induced hyperthermia in rats in a dose-dependent manner (Table 6). At 200 mg/kg, the extract produced 30.17% inhibition at the 1st hour and 80.17% inhibition by the 4th hour (P<0.01). The 400 mg/kg dose exhibited even stronger activity, with 39.32% inhibition at the 1st hour and 90.17% inhibition at the 4th hour (P<0.001). These effects were comparable to the standard drug paracetamol, which showed 50.96% and 96.15% inhibition at the corresponding time points. The findings indicate that the methanolic extract has significant, dose-dependent antipyretic activity.

Table 7: Antipyretic activity of methanolic extract of Maesa indica 
	Group
	Pretreatment
temperature(◦F)
	Post-treatment temperature (◦F)

	
	Normal
	After yeast administration
	1 hour
	2 hours
	3 hours
	4 hours

	Control
	98.06±0.10
	100.30±0.10
	100.04±0.10
	99.82±0.14
	99.58±0.17
	99.49±0.16

	
	
	
	(11.61%)
	(21.43%)
	(32.14%)
	(36.16%)

	Standard
	98.2±0.06
	100.28±0.12
	99.22±0.31***
(50.96%)
	98.78±0.23**
(72.11%
	98.58±0.20***
(81.73%)
	98.28±0.13***
(96.15%)

	
	
	
	
	
	
	

	ME-200
	97.8±0.44
	100.22±0.11
	99.49±0.27**
	98.92±0.29**
	98.45±0.30*
	98.28±0.31**

	
	
	
	(30.17%)

	(54.55%)
	(73.14%)
	(80.17%)

	ME-400
	97.96±0.30
	100.30±0.12
	99.38±0.08***
	98.70±0.06**
	98.4±0.26**
	98.19±0.29**

	
	
	
	(39.32%)
	(68.37%)
	(81.20%)
	(90.17%)
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*P< 0.05, **P<0.01, ***P<0.001 were considered statistically significant compared to control.

5.8. Antioxidant activity
In the DPPH free radical scavenging assay, the methanolic extract of Maesa indica showed antioxidant activity with an IC₅₀ value of 91.15 µg/ml, compared to 3.60 µg/ml for the standard ascorbic acid (Table 6). Although less potent than the standard, the extract exhibited notable free radical scavenging potential.

Table 8: Determination of Antioxidant activity of Ascorbic Acid (AA) by calculating
% of scavenging effect and IC50 value using DPPH free radical scavenging assay
	Group
	IC50 (μg/ml)

	Standard
	3.60

	ME extract
	91.15


Note: ME= Methanolic extract of leaves

5.9. Anthelminthic activity:
The methanolic extract of Maesa indica demonstrated dose-dependent anthelmintic activity against Pheretima posthuma (Table 7). The time taken for death decreased with increased concentration, with the extract showing comparable activity to the standard albendazole at certain doses (P<0.001), indicating potent anthelmintic effects.

Table 9: Dead Time of Pheretima posthuma for crude M. indica extract
	Sample
	Concentration
(mg/ml)
	Time taken for death (min)
(Mean ± SEM)

	Control (Normal saline)
	-
	-

	Standard (Albendazole)
	20
	29 ± 0.05***

	ME-Sample 01
	2.5
	37 ± 3.71***

	ME-Sample 02
	5
	104.33 ± 1.45***

	ME-Sample 03
	10
	45.33 ± 3.93***

	ME-Sample 04
	20
	37±0.057***


Note: Each value represents the mean ± SEM. (n= 5). One- way ANOVA followed by Dunnett’s t test. ***P<0.001, P<0.01, *P<0.05 compared with control. ME = Methanolic Extract

6. DISCUSSION 

The present study on Maesa indica highlights the pharmacological potential of its methanolic extract, demonstrating significant thrombolytic, antioxidant, antipyretic, analgesic, anthelmintic and neuropharmacological effects. These activities are likely driven by various bioactive compounds including alkaloids, tannins, flavonoids, phenols, carbohydrates and steroids, identified through phytochemical screening. The interrelation of these compounds suggests a synergistic effect contributing to the plant’s broad therapeutic potential (Nisat et al., 2024).
The methanolic extract exhibited thrombolytic activity, with 42.09% clot lysis, slightly lower than streptokinase (68%), attributed to saponins and alkaloids. Saponins interact with cellular membranes, promoting fibrin breakdown, while alkaloids may enhance plasminogen activation, facilitating clot dissolution (Tabassum et al., 2017). This thrombolytic activity, in conjunction with the antioxidant effects observed (74.75% DPPH scavenging and an IC50 value of 91.15 µg/ml), underscores the potential of Maesa indica in maintaining vascular health by preventing oxidative stress-induced damage and enhancing clot dissolution (Maria, Jannat, Nisat, Jahan, & Dash, 2025). The antipyretic activity, demonstrated by a dose-dependent reduction in yeast-induced hyperthermia, points to the inhibition of prostaglandin synthesis, a mechanism shared by antipyretic drugs like paracetamol (Ullah et al., 2014). Flavonoids and tannins, which inhibit cyclooxygenase (COX) enzymes, likely contribute to this effect. The analgesic activity, shown by significant inhibition of acetic acid-induced writhing (53.4% at 400 mg/kg), is similarly attributed to alkaloids and flavonoids. These compounds modulate pain and inflammation through inhibition of eicosanoid synthesis, which is also involved in fever regulation (Ezeja, Omeh, Ezeigbo, & Ekechukwu, 2011). Thus, both the antipyretic and analgesic activities of Maesa indica appear to result from the same biochemical pathways, highlighting the plant’s potential in managing pain and fever (Javed et al., 2020). Furthermore, the anxiolytic effects observed in the Elevated Plus-Maze (EPM) and Hole Board tests suggest that flavonoids and alkaloids also interact with the central nervous system to modulate anxiety (Shajib, Akter, Ahmed, & Imam, 2015). The presence of tannins further contributes to the observed anthelmintic activity, which may involve binding to proteins or glycoproteins in both the host and parasite (De, Das, & Mandal, 2016).
CONCLUSION 

The diverse pharmacological activities of Maesa indica can be attributed to its rich bioactive compound profile, particularly alkaloids, tannins, and flavonoids. These compounds synergistically contribute to thrombolytic, antioxidant, antipyretic, analgesic, anxiolytic, and anthelmintic effects, offering a promising natural therapeutic agent for a range of conditions. Future studies on the isolation of specific bioactive compounds and mechanistic investigations are necessary to fully realize its medicinal potential.

Ethical approval 

The human-related experiment was conducted following the ethical morals laid down in the 1964 Declaration of Helsinki. All authors officially affirm that the "Principle of Laboratory Animal Care" (NIH publication No. 85-23, revised 1985) and any applicable local or national legislation were adhered to. All experiments have been examined and approved by the appropriate ethics committee. 
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