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Tamarindus indica Leaf Extract as a Natural Analgesic, Anti-Inflammatory, and CNS Depressant: Experimental Evidence in Mice	Comment by orj: Is this a beneficial effect to seek or a negative effect to avoid?
CNS anti-depressant?



ABSTRACT
Background
Leaves of Tamarindus indica have long been used in traditional medicine for managing pain, inflammation, and nervous system disorders. This study aimed to scientifically assess these properties using experimental models in mice.
Methods
The leaf extract of T. indica was tested at doses of 50 mg/kg and 100 mg/kg. Analgesic activity was evaluated using the acetic acid-induced writhing method. Anti-inflammatory effects were assessed through carrageenan-induced paw edema. CNS depressant activity was measured using the Open Field and Hole Cross tests, analyzing changes in locomotion and exploration.	Comment by orj: Is this a beneficial effect to seek or a negative effect to avoid?
Results
The extract significantly reduced pain behaviors in a dose-dependent manner, with 100 mg/kg showing 77.94% inhibition of writhing, comparable to the standard drug (83.33%). Anti-inflammatory effects were also dose- and time-dependent, with notable reductions in paw swelling at both doses, especially at later stages. In behavioral tests, the extract led to marked decreases in movement and exploratory behavior, indicating CNS depressant activity, particularly at the higher dose.	Comment by orj: What this means?
Is this a beneficial effect to seek or a negative effect to avoid?
Conclusion
T. indica leaf extract demonstrated strong pain-relieving, anti-inflammatory, and sedative properties in animal models. These effects may be linked to the suppression of inflammatory pathways and interaction with central neurotransmitter systems such as GABA. The findings support the traditional use of T. indica and suggest its potential as a natural therapeutic agent. Further studies are needed to identify active constituents and clarify the underlying mechanisms.


1. INTRODUCTION
Medicinal plants have been pivotal in healthcare across civilizations, serving both as primary therapeutic agents and as the foundation for modern pharmacological developments. In many regions—particularly where access to synthetic drugs remains limited—traditional herbal remedies are still the primary mode of treatment (Sookying et al., 2022). The search for plant-based bioactive compounds continues to gain momentum due to their generally lower toxicity, reduced side-effect profiles, and holistic benefits compared to conventional pharmaceuticals (Wojtunik-Kulesza et al., 2023).
Among the vast array of medicinal plants, Tamarindus indica L., commonly known as tamarind, holds a unique position due to its dual role as both a culinary ingredient and a medicinal resource. Native to tropical Africa and now widely cultivated in South Asia and Latin America, T. indica has been integral to several traditional healing systems, including Ayurveda, Unani, and Siddha (Ghosh et al., 2023). Various parts of the plant—especially its leaves, fruit pulp, bark, and seeds—have been used for treating fever, gastrointestinal discomfort, inflammation, pain, and microbial infections (Ibrahim et al., 2022).
Traditionally, tamarind leaves have been applied as poultices for inflammatory swelling and pain. In Ayurvedic medicine, leaf extracts are commonly recommended for ailments like sore throat, ulcers, and joint pain (Dalwadi et al., 2023). These ethnopharmacological uses have sparked considerable scientific interest in validating the pharmacological potential of the plant through modern research.
Phytochemical studies of T. indica reveal a diverse array of secondary metabolites, including flavonoids, tannins, alkaloids, phenolic acids, and saponins (Aly et al., 2023). These compounds are associated with a broad spectrum of biological activities, including antioxidant, anti-inflammatory, analgesic, antimicrobial, and central nervous system (CNS) modulatory effects (Tavanappanavar et al., 2023). In particular, polyphenolic compounds in the plant are known to modulate the production of inflammatory mediators like prostaglandins, cytokines, and nitric oxide, thereby offering pain-relieving and anti-inflammatory benefits (Leya & Anitha, 2019).
Pain and inflammation are fundamental physiological responses often triggered by tissue damage or infection. These are mediated by complex pathways involving chemical messengers such as histamines, prostaglandins, bradykinins, and interleukins (Minaiyan et al., 2024). Similarly, CNS depressant activity is typically governed by neurotransmitter systems—particularly gamma-aminobutyric acid (GABA)—which modulate neuronal excitability and behavior (Asad et al., 2022). While standard drugs like NSAIDs and benzodiazepines are widely used to manage these conditions, their long-term use is associated with adverse effects, including dependency, gastrointestinal complications, and cognitive impairment (Wati et al., 2023). As such, the exploration of safer, plant-based alternatives has become a major focus of current pharmacological research.
Although preliminary studies and traditional knowledge suggest a wide range of therapeutic benefits for T. indica, especially its leaf extracts, comprehensive pharmacological investigations remain limited. There is a distinct need for systematic studies evaluating its analgesic, anti-inflammatory, and CNS depressant effects using validated experimental models and benchmarking against standard therapies.
The present study was undertaken with the following objectives:
· To evaluate the analgesic activity of Tamarindus indica leaf extract using validated animal models;
· To assess its anti-inflammatory potential through established experimental protocols;
· To investigate its CNS depressant effects, particularly on locomotor activity and behavioral changes;
· To compare the efficacy of the extract with that of standard therapeutic agents used for similar indications.
Through a combination of ethnopharmacological insight and experimental validation, this study aims to substantiate the medicinal value of T. indica, thereby contributing to the development of plant-based therapeutic alternatives for pain, inflammation, and CNS disorders.
2.  MATERIALS AND METHODS
2.1 Plant Collection and Identification
Fresh leaves of Citrus aurantifolia, Phyllanthus emblica, and Tamarindus indica were collected from the campus of the University of Rajshahi, Bangladesh. The plant specimens were taxonomically identified and authenticated by the Department of Botany, University of Rajshahi, where voucher specimens were preserved for future reference (Harborne, 1998).	Comment by orj: Why do these two plants appear here like this?



2.2 Preparation of Plant Extracts
The freshly collected leaves were cleaned thoroughly under running tap water followed by distilled water to remove dust and surface contaminants. The cleaned leaves were air-dried in the shade to prevent degradation of thermolabile constituents and subsequently oven-dried at 40–45°C for 36 hours. The dried materials were coarsely powdered using a mechanical grinder.
For extraction, 1.5 kg of each powdered plant material was soaked separately in 2.5 Lliters of either distilled water or methanol in amber-colored reagent bottles. These were tightly sealed and left at room temperature for 7 days with periodic shaking to facilitate the extraction of phytoconstituents. After maceration, the mixtures were first filtered through muslin cloth and then through Whatman No. 1 filter paper. The filtrates were concentrated under reduced pressure using a rotary evaporator and stored at 4°C until further use (Azwanida, 2015; Harborne, 1998).

2.3 Experimental Animals	Comment by orj: The tests were carried out using aqueous extracts or methanolic extracts. More details are needed on these aspects.
Swiss albino mice of either sex, weighing 20–25 g, were used for pharmacological testing. The animals were housed in standard polypropylene cages in a controlled environment (temperature: 25 ± 2°C; relative humidity: 55 ± 5%) with a 12 -hour light/dark cycle. Standard pellet diet and water were provided ad libitum. Animals were allowed to acclimatize to the laboratory conditions for 4–5 days before the commencement of experiments. All experimental procedures were conducted in accordance with institutional animal ethics guidelines (OECD, 2001).
2.4 Evaluation of Analgesic Activity
2.4.1 Acetic Acid-Induced Writhing Test
The analgesic activity of the plant extracts was assessed using the acetic acid-induced writhing method as described by Sharma et al. (2010). The mice were divided into control, standard, and test groups (n = 6). The control group received distilled water, while the standard group was treated with diclofenac sodium. The test groups received the plant extracts orally. After 30 minutes, 0.6% acetic acid solution (10 mL/kg) was administered intraperitoneally to induce abdominal constrictions (writhes), which were counted for each mouse over a 20 -minute observation period (Sharma et al., 2010).	Comment by orj: Doses?	Comment by orj: Add the doses.
Explain why two doses for the test?
The percentage inhibition of writhing was calculated using the following formula:
% inhibition = × 100
Where, A= Average number of writhing of control group
B= Average number of writhing of test group
 


2.5 Evaluation of Anti-Inflammatory Activity
2.5.1 Carrageenan-Induced Paw Edema
The anti-inflammatory effect of the plant extracts was evaluated using the carrageenan-induced paw edema model in mice, following the method of Elisabetsky et al. (1995). Inflammation was induced by sub-plantar injection of 0.1 mL of 1% carrageenan solution (in 0.9% saline) into the left hind paw of each mouse, 30 minutes after oral administration of test extract or standard drug. Paw volume was measured before and after carrageenan injection using a plethysmometer (Elisabetsky et al., 1995).		Comment by orj: Add the doses.
Explain why two doses of extract for the test?
.
The percentage inhibition of paw edema was calculated using the formula:
% Inhibition of paw edema =  ×100
Where Vc and Vt represent average paw volume of control and treated animal respectively.

2.6 Evaluation of CNS Depressant Activity
2.6.1 Open Field Test
The central nervous system (CNS) depressant activity of the plant extracts was assessed using the open field test, according to the procedure by Walsh and Cummins (1976). Mice were placed individually in an open field apparatus (50 × 50 cm) with alternating black and white squares. The number of squares crossed by each mouse was recorded for 5 minutes at 30, 60, 90, and 120 minutes after oral administration of the test extract (Walsh & Cummins, 1976).	Comment by orj: Add the doses.
Explain why two doses for the test?
Which standard did you used? At which dose?
2.6.2 Hole Cross Test
The hole cross test was performed based on the method of Takagi et al. (1971). A wooden chamber (30 × 20 × 14 cm) divided into two compartments by a fixed partition with a 3 cm diameter hole was used. Each mouse was placed in one chamber, and the number of times it passed through the hole into the opposite chamber was recorded for 3 minutes at 30, 60, 90, and 120 minutes after administration of the plant extracts (Takagi et al., 1971).	Comment by orj: Add the doses.
Explain why two doses for the test?
Which standard did you used? At which dose?

3. RESULTS
3.1 Analgesic Activity
The analgesic effect of Tamarindus indica leaf extract was evaluated using the acetic acid-induced writhing model in mice, and the results are visually presented in Figure 1. The pie chart illustrates the percentage inhibition of abdominal writhing observed in the treatment groups.


Figure 1: Percentage inhibition of writhing response in mice treated with standard drug (Diclofenac sodium) and Tamarindus indica leaf extract at 50 mg/kg and 100 mg/kg doses.	Comment by orj: Dose?
As shown in the chart, the standard drug produced the highest inhibition (83.33%) of writhing. The extract at 100 mg/kg showed significant analgesic activity with 77.94% inhibition, approaching the efficacy of the standard. Meanwhile, the 50 mg/kg dose of the extract showed moderate inhibition at 32.35%.
This dose-dependent increase in analgesic activity supports the potential of Tamarindus indica leaf extract as a natural analgesic agent. The high percentage inhibition at 100 mg/kg suggests that the extract possesses bioactive compounds capable of modulating pain pathways, likely through inhibition of inflammatory mediators involved in nociceptive signaling.

3.2 Anti-inflammatory Activity
The anti-inflammatory potential of Tamarindus indica leaf extract was assessed using the carrageenan-induced paw edema model, with the percentage of inhibition measured at different time intervals (30 minutes, 1 hour, 2 hours, 3 hours, and 4 hours) post-treatment, as shown in Figure 2.

Figure 2: Anti-inflammatory activity of the combined aqueous extract of Tamarindus indica leaves in Carrageenan induced paw edema method.
The standard drug exhibited a progressive increase in the percentage of inhibition, reaching its peak at 4 hours. The extract demonstrated a time-dependent anti-inflammatory effect at both doses (50 mg/kg and 100 mg/kg). Notably, the 100 mg/kg dose showed higher inhibition percentages at all time points compared to the 50 mg/kg dose, and its inhibitory effect approached that of the standard drug at 3 and 4 hours.
At 30 minutes, the 100 mg/kg dose already showed substantial anti-inflammatory activity, which continued to increase steadily over time. Both doses of the extract significantly reduced paw edema compared to the control, indicating dose-dependent efficacy.
These results suggest that Tamarindus indica leaf extract possesses considerable anti-inflammatory properties, potentially due to the inhibition of inflammatory mediators involved in edema formation.
3.3 CNS Depressant Activity 
3.3.1 Open Field Test
The CNS depressant effect of Tamarindus indica leaf extract was evaluated using the Open Field test, which measures the number of movements over a period of 120 minutes. As depicted in Figure 3, the control group exhibited the highest locomotor activity throughout the observation period.	Comment by orj: We will need to find a suitable term.

Figure 3: CNS depressant activity of the aqueous extract of Tamarindus indica leaves by open field test.
The standard drug demonstrated a marked reduction in movement counts, indicating significant CNS depressant activity. Both doses of the tamarind extract (50 mg/kg and 100 mg/kg) showed a dose-dependent decrease in locomotor activity compared to the control group.
At the initial time point (0 min), the number of movements was highest in the control group, followed by the 100 mg/kg and 50 mg/kg tamarind groups, with the standard group showing the lowest activity. Over time, locomotor activity progressively declined in all groups; however, the tamarind extract groups maintained significantly lower movement counts than the control, with the higher dose showing a more pronounced effect.	Comment by orj: Which standard did you used? At which dose?
These findings suggest that Tamarindus indica leaf extract exerts CNS depressant effects by reducing spontaneous locomotor activity, which may be mediated through modulation of central neurotransmitter systems.
3.4 Hole Cross Test
The CNS depressant activity of Tamarindus indica leaf extract was further evaluated using the Hole Cross test, which assesses exploratory behavior and locomotor activity over time. The number of movements (crossings) by mice was recorded at 0, 30, 60, 90, and 120 minutes post-administration.

Figure 4: CNS depressant activity of the aqueous extract of Tamarindus indica leaves by hole cross test.
As shown in Figure 4, the standard drug group exhibited the highest initial activity at 0 minutes, but showed a sharp decline in movement with time, indicating a significant CNS depressant effect. In contrast, the control group maintained a relatively moderate level of activity across time points, with only a gradual decline.	Comment by orj: Which standard did you used? At which dose?
Both tamarind extract-treated groups (50 mg/kg and 100 mg/kg) demonstrated a dose-dependent reduction in the number of hole crosses. The 100 mg/kg dose produced a more pronounced depressant effect than the 50 mg/kg dose, particularly evident from 30 minutes onward. By 90 and 120 minutes, the tamarind-treated groups showed activity levels significantly lower than the control group, comparable to that of the standard drug.	Comment by orj: Which standard did you used? At which dose?
These results support the sedative and CNS depressant potential of Tamarindus indica leaf extract, likely mediated through modulation of central inhibitory neurotransmission, possibly involving the GABAergic system.	Comment by orj: In many cases, we look for antidepressants.
4. Discussion
This study demonstrated that Tamarindus indica leaf extract exhibits significant analgesic, anti-inflammatory, and CNS depressant activities, supporting its traditional medicinal uses and recent scientific findings.
Analgesic Activity
The acetic acid-induced writhing test revealed a strong analgesic effect of the 100 mg/kg extract dose, with ~78% inhibition of pain behavior, nearly comparable to the standard drug. This aligns with recent studies highlighting the potent antinociceptive effects of T. indica leaf and fruit extracts through peripheral and central mechanisms, including opioid receptor involvement and inhibition of inflammatory mediators such as prostaglandins and cytokines (Khan et al., 2023; Rajput & Bhalerao, 2022). Additionally, the polyphenolic content, particularly flavonoids and tannins, is known to contribute to this analgesic activity by scavenging free radicals and modulating pain pathways (Tripathi et al., 2021; Singh et al., 2020).
 Anti-inflammatory Activity
In the carrageenan-induced paw edema model, the extract exhibited significant dose- and time-dependent anti-inflammatory effects, though slightly less potent than the standard drug. These findings are supported by in vivo and in vitro research demonstrating that T. indica reduces inflammatory markers such as myeloperoxidase (MPO), tumor necrosis factor-alpha (TNF-α), and malondialdehyde (MDA), thereby alleviating oxidative stress and tissue damage (Minaiyan et al., 2024; Ibrahim et al., 2023). Moreover, GC–MS and molecular docking studies have identified bioactive compounds in tamarind that bind to pro-inflammatory enzymes like cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS), suggesting plausible molecular targets (Nisar et al., 2022; Kumar et al., 2021).
CNS Depressant Activity
The Open Field and Hole Cross tests demonstrated a marked reduction in spontaneous locomotor activity at the 100 mg/kg dose, indicating CNS depressant effects. This is consistent with recent investigations where tamarind extracts showed sedative, anxiolytic, and anticonvulsant properties, possibly through modulation of GABAergic and glutamatergic neurotransmission (Patel & Patel, 2024; Ali & Ahamed, 2023; Patel & Patel, 2024). Neuroprotective effects have also been reported, with tamarind extract attenuating oxidative stress and neuroinflammation in models of neurodegenerative diseases (Chauhan et al., 2023; Mishra & Sharma, 2022).
Toxicological Profile
Safety evaluations have confirmed the non-toxic nature of T. indica leaf extracts at high doses (up to 5000 mg/kg), with no significant adverse effects observed in acute or sub-chronic studies (Patel & Patel, 2024; Omokhua-Uyi et al., 2021). This safety profile, combined with its therapeutic efficacy, highlights the feasibility of tamarind as a safe phytotherapeutic agent.
Implications and Future Directions
The combined analgesic, anti-inflammatory, and CNS depressant activities suggest that T. indica could serve as a multipurpose herbal remedy, especially in resource-limited settings. Future research priorities include:
· Isolation and characterization of individual bioactive constituents responsible for these effects (Joshi et al., 2023; Rani & Kumar, 2022).
· Mechanistic studies focusing on neurotransmitter receptors, signaling pathways, and gene expression changes (Sarkar et al., 2021; Lee et al., 2020).
· Evaluation of chronic toxicity, pharmacokinetics, and bioavailability to support clinical translation (Singh et al., 2021; Verma et al., 2020).
· Development of standardized formulations and clinical trials to validate efficacy and safety in humans (Gupta & Yadav, 2023; Sharma et al., 2022).

5. CONCLUSION
The findings of this study demonstrate that Tamarindus indica leaf extract possesses significant analgesic, anti-inflammatory, and central nervous system depressant activities, which support its traditional medicinal uses. The extract showed dose-dependent efficacy comparable to standard pharmacological agents in animal models, highlighting its potential as a safe and effective plant-based alternative for managing pain, inflammation, and CNS-related disorders. Given its favorable toxicological profile, T. indica leaf extract represents a promising candidate for further pharmacological development. Future research should focus on isolating active compounds, elucidating precise molecular mechanisms, and conducting clinical trials to validate its therapeutic applications in humans.
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