


Therapeutic Potential of Diospyros malabarica: Significant Anticancer, Antimicrobial, Antisickling, and Sedative Effects of Its Methanolic Extract

[bookmark: _GoBack]Abstract
Diospyros malabarica, more commonly referred to as the Gaub tree, is known for its ethnomedicine applications, though there is inadequate research regarding its physical capabilities. Herein is described the full study investigating the anticancer, antimicrobial, antisickling and neuropharmacological activities of a methanol extract of D. malabarica leaves (MEDM). MEDM was prepared by cold maceration, and subjected to standardized bioassays. MEDM showed considerable anticancer activity with a clear dose-dependent effect against the cervical cancer cell line HeLa, inhibiting cell growth by 49.16 (1000 µg/mL), in conjunction with unequivocal morphological evidence of apoptosis. In a disc diffusion test of antimicrobial properties, MEDM showed broad-spectrum activity against Gram-positive (Bacillus cereus and Staphylococcus aureus) and Gram-negative bacteria (Vibrio cholerae and Klebsiella pneumoniae), as well as several fungi, and inhibition zones increased in a concentration-dependent manner. A unique and notable finding was the validated potent antisickling activity where MEDM (500 µg/mL) reversed sickled red blood cells by 72.49% after 120 minutes and was found to be superior to the standard drug phenylalanine at several different time points. The neuropharmacological study suggested obvious effects, and in the sleep test with thiopental sodium, 400 mg/kg of MEDM significantly reduced the time to sleep and increased asleep time. Also, in the forced swimming test, MEDM significantly increased immobility time in a dose-dependent manner, suggesting a sedative effect. The findings clearly show that Diospyros malabarica has a range of therapeutic effects. The bioactivities seen are probably due to its unique and abundant phytochemical profile characterized by flavonoids, tannins, and terpenoids, which are known to induce effects such as apoptosis, disrupt microbial membranes, block hemoglobin S polymerization and influence GABAergic neurotransmission. This work provides solid science to bolster the traditional uses of D. malabarica. These findings suggest a potential avenue for discovering future therapeutics for cancer, sickle cell disease, microbial infections, and/or neurological disorders.
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Introduction

Medicinal plants have been used for centuries as a natural source of healing, providing remedies for a wide variety of diseases. They are known to contain bioactive compounds that form the basis of many modern pharmaceuticals. The rising prevalence of cancer, infectious diseases, and neurological disorders has created an urgent need for new treatments. However, limitations of existing therapies have intensified the global search for plant-derived compounds with novel therapeutic properties.
[bookmark: _Hlk210856080]Diospyros malabarica commonly known as the Gaub tree, is traditionally used in South and Southeast Asia for the treatment of diarrhea, dysentery, wounds, fever, and microbial infections. Several phytochemical analyses have revealed that it contains flavonoids, tannins, terpenoids, and alkaloids, which may contribute to its pharmacological potential. While its ethnomedicinal importance is well recognized, critical pharmacological properties such as anticancer, antisickling, antimicrobial, and neuropharmacological activities remain poorly studied in the scientific literature.
One of the most pressing areas where plant-derived compounds are needed is in cancer therapy. Anticancer activity refers to the ability of bioactive compounds to inhibit tumor growth, trigger apoptosis, or suppress the spread of malignant cells. With cancer being one of the leading causes of global mortality, the investigation of natural anticancer agents from D. malabarica may reveal safer and more affordable therapeutic options.
Closely linked to this is the search for agents that can improve blood-related disorders, particularly sickle cell disease. Antisickling activity involves preventing or reversing the deformation of red blood cells, a condition that leads to severe anemia and life-threatening complications. Since both cancer and sickle cell disease pose major global health burdens and often lack accessible treatments in developing regions, natural alternatives from medicinal plants like D. malabarica could be of significant value.
In addition to these systemic diseases, microbial infections remain a persistent challenge. The plant’s potential antimicrobial activity, through suppression of harmful bacteria and fungi, is especially important at a time when antimicrobial resistance is emerging as a serious global threat. This connection highlights the multifaceted role medicinal plants can play in addressing both chronic and infectious diseases.
Finally, another growing concern is the rise of neurological disorders such as Alzheimer’s disease, Parkinson’s disease, and depression. Neuropharmacological activity, which encompasses protective and regulatory effects on the nervous system, is a promising field where plant-derived compounds may contribute to future therapies. Given the antioxidant and anti-inflammatory properties already reported in Diospyros species, exploring the neuroprotective potential of D. malabarica is particularly relevant. This study aims to address these critical literature gaps by examining the anticancer, antisickling, antimicrobial, and neuropharmacological effects of Diospyros malabarica. Examining these properties will not only contribute to the current scientific understanding of its bioactive compounds but may also help in the treatment of conditions such as cancer, sickle cell disease, microbial infections, and neurological disorders. The results of this work may inspire the development of novel medications based on Diospyros malabarica, thereby extending its role in modern medicine.
2. MATERIAL AND METHOD
2.1 Plant Material
Leaves from the Diospyros malabarica plant was gathered in August 2024 in Monohorganj, Cumilla, Bangladesh. A Scientific Officer from Bangladesh's Botany Department at the University of Dhaka brought the specimens in for identification. It was submitted to the Herbarium as a voucher specimen (10816) for preservation for research purposes.
2.2 Preparation of plant extract
Cold maceration was selected as the extraction procedure (Akter, Shomudro, et al., 2024). After soaking in 800 mL of methanol for 12 days, 430g of plant-leaf powder was filtered out of the mixture. The extract was collected and they were dried using a rotary evaporator. The total amount of crude extracts after all drying procedures was 29g.
2.3 Antimicrobial test
2.3.1 Test Microorganisms
 4 bacteria named Bacillus cereus, Klebsiella pneumoniae, Vibrio cholerae, Streptococcus aureus and 4 fungi named Penicillium chrysogenum, Aspergillus niger, Yeast budding and Mucor hiemalis was collected from laboratory of microbiology, University of Dhaka.
2.3.2 Antimicrobial susceptibility test
Microorganisms were placed into Mueller Hinton Agar (MHA) added petri dishes, and then sterilized discs (6 mm in diameter) were inserted into the agar plates as part of the disc diffusion process (Shomudro et al., 2023). MEDM was dissolved in the appropriate solvent volumes to prepare solutions with known concentrations (300, 500 and 700 µg/mL). The petri dishes were then incubated at 4 °C for 2 hours, allowing for diffusion of the extracts into the agar. The inhibition zones around the discs were recorded after incubating the petri dishes back at 37 °C for 1 day. After 24 hours, the zone of inhibition was measured in cm.
2.4 Anticancer Test
2.4.1 Cell viability assay
Cells were grown in the appropriate media in 96-well plates until ~70% confluency had been achieved. The cells were then incubated for ~24 hours with the extract and controls at different concentrations (vehicle / DMSO control). Following extract treatment, the media was removed from the wells and cells were washed with PBS. MTT (0.5 mg/ml) was added to each well and the plate was incubated for 4 hours at 37 °C in a dark room. After incubation, the MTT solution was replaced with 200 μl of DMSO and the plate was shaken for 5 mins at 150 rpm prior to using a plate reader (ELx800; Biotek, Winooski, VT, USA) to measure OD at 490 nm. This experiment was repeated for reliable data to plot in figures. (Ritu et al., 2024). 
2.4.2 Morphology study
Cells were placed in 24-well plates and treated with DMSO or extract at the IC50 concentration for 24 hours. After the treatment was done, the image was obtained using phase contrast microscopy.
2.5 Anti-sickling activity (Emmel Test)
Blood samples were obtained from a 14-year-old patient under treatment at the Sickle Cell Institute in Raipur after informed, written consent was obtained from the parents. Sickle blood was diluted with a 150mM Phosphate Buffered saline solution, which contained 30 mM NaH₂PO₄, 120mM Na₂HPO₄, and 150mM NaCl. To this diluted blood, equal amounts of 2% sodium metabisulfite were added. A small volume of this solution was placed on a microscope glass slide along with anthocyanin extracts and covered with a cover slip. The edges of the covers slip were sealed with paraffin wax, to create a hypoxic condition with no air (Pauline et al., 2013). 
To assess the anti-sickling properties of the plant extracts, a reversal experiment was performed. In the reversal experiment, the erythrocytes were treated with sodium metabisulfite and subsequently incubated for 2 h.
Following the incubation period, the cells were observed under a microscope, and the percentage of sickling was determined using the provided formula.
[bookmark: _Hlk202251806]% of Sickling= x 100
If sickling percentage is less than 100%, time will have been adjusted accordingly to obtain 100% sickling. In our work, we obtained 100% sickling after incubating for 2 hours.

2.6 Reversibility Test
Plant extracts were prepared in an aqueous saline solution consisting of 0.86% NaCl at a range of concentrations from 50 µg/ml to 10 mg/ml and evaluated against sickle cells at different time points. For each of the assays, following pre-incubation of the blood sample for two hours with sodium metabisulfite, 150 µl of the individual extract were combined with 150 µl of the blood sample. The same was done for the respective positive control (phenylalanine) and the negative control.
The correlation between the percentage of sickle cells remaining with time was described by the following expression:
Percentage of residual sickle cell = x 100
Tx = 0, 30, 60, 90, 120, and 150 minutes 
T0 = temperature initial
The percentage of reversibility of sickle cell was calculated by the given formula:
 x 100
2.7 Neuropharmacological Test
2.7.1 Evaluation of Sleep Duration Induced by Thiopental Sodium
The subjects were divided into five groups of five mice by random selection. Each group of mice received different treatments and were then placed in circular pens. After 30 minutes each mouse received an intraperitoneal injection of thiopental sodium (40 mg/kg) in order to induce sleep. Data were collected on the time from when thiopental was given to the loss of the righting response and the total time from loss of the righting response to regaining the righting response (Bravo-Hernández et al., 2012).
2.7.2 Forced Swimming Test
The methodology was similar to that used in previous experiments. Following some modifications, we carried out the forced swimming test with the mice being divided into five groups of five. Each group received either control, Imipramine hydrochloride, or the extract in three different doses. The experimental procedure was performed in a cylindrical glass container 45 cm high and 20 cm in diameter. This container was filled with water at 25 ± 1ºC and 17 cm deep. A mouse is scored as immobile when it is floating in the water and makes very little movement to keep its head above the water. The experiment occurred from 1 P.M. to 3 P.M. for a duration of 5 minutes (Rahman et al., 2019).
3. Statistical Analysis 
The experimental data was replicated three times, and the mean and standard deviation were used to represent the results. Excel is commonly utilized for conducting statistical analyses.
4. Results
4.1 Anticancer activity
The alcoholic extract (MEDM) of the plant materials was standardized according to standard methods, and its anticancer potential was tested in HeLa cell lines. The methanolic extract of Diospyros malabarica showed significant results as summarized in Table 1.
Table 1. Anticancer activity of MEDM
	Concentration (µm/mL)
	Survival of the cell (%)
	% of Inhibition

	125
	90.69
	9.31

	250
	71.94
	28.06

	500
	65.63
	34.37

	1000
	50.84
	[bookmark: _Hlk166572227]49.16
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Figure 1 presents a phase contrast image that illustrates significant and clear morphological changes. The serial numbers 1, 2, 3, and 4 denote the concentrations of MEDM, which vary from 125 to 1000 μm/mL, as outlined in Table 1.
4.2 Antimicrobial Activity
The antibacterial and antifungal activity of the various degrees of plant extract was evaluated against gram-positive and gram-negative bacteria and four varieties of fungi (mm) by quantifying the zone of growth inhibition in mm. As can be observed in the results higher concentrations of the plant extract increased the size of the inhibition zone (Table 6, 7). The zone of inhibition for the antibacterial activity was 08-18 where zone of inhibition of the fungi was 06-14 mm. The next result shows that MEDM is responsible for the highest antibacterial activity against Escherichia coli and Bacillus cereus which causes harmful diseases such as urinary tract infections, respiratory illness, pneumonia gastrointestinal illness diarrhea etc.
[bookmark: _Hlk130037208]Table 2. Inhibition zone of MEDM against different bacteria
	[bookmark: _Hlk117022897]Diameter of Zone of Inhibition (mm)

	Test organisms
	MEDM
(100 µg/disc)
	MEDM
(500 µg/disc)
	MEDM
(700 µg/disc)
	Ciprofloxacin

	Gram Positive Bacteria

	[bookmark: _Hlk130038247]Bacillus cereus
	11
	16
	19
	26

	Staphylococcus aureus
	09
	15
	16
	27

	Gram Negative Bacteria

	Vibrio cholerae
	09
	11
	15
	26

	Klebsiella pneumonia
	05
	10
	12
	25



Table 3. Inhibition zone of MEDM against different fungi
	Diameter of Zone of Inhibition (mm)

	Test organisms
	MELA
(300 µg/disc)
	MELA
(500 µg/disc)
	MELA
(700 µg/disc)
	Griseofulvin 
(50 µg/disk)

	Fungi

	Penicillium chrysogenum
	06
	10
	14
	19

	Aspergillus niger
Yeast budding
Mucor hiemalis
	08
10
07
	09
11
10
	10
14
13
	20
21
21



4.3 Anti-sickling Activity:
The plant extract exhibited considerable anti-sickling activity and demonstrated more activity than the standard medication, phenylalanine. As illustrated in Figures 2 to 3, the plant extract treatment resulted in 25.66 ± 1.50% sickling cell reversal after 30 minutes of incubation, while after 2 hours of incubation at a concentration of 50 µg/ml a reversal of 41.08 ± 1.50 % of sickled cells was noted. A positive correlation was observed in reversibility with increasing concentrations of the extract and at the concentration of 500 µg/ml the reversibility was noted at 42.89 ± 2.51 %, 50.13 ± 1.07 %. The results suggested that rates of sickle cell reversal may increase over time. Lastly, table 4 revealed that after 150 minutes of incubation, the plant extract and the standard drug had the highest percentage sickle cell reversal among various concentrations.
Table 4. Percentage of reversal of sickle cells at different concentrations of S. amaricanam and Phenylalanine at different time intervals
	Time (minutes)
	Pa
50 µg/ml
	MEDM
50 µg/ml
	Pa 
500 µg/ml
	MEDM 
500 µg/ml

	30
	26.07
	25.66
	45.79
	42.89

	60
	33.07
	41.08
	50.08
	50.13

	90
	38.87
	50.91
	61.66
	65.17

	120
	58.13
	59.03
	71.44
	72.49



4.4 Neuropharmacological activity
4.4.1 Thiopental sodium induced sleeping time test
The MEDM given in doses of 200 and 400 mg/kg exhibited a significant effect on sleep as measured by the thiopental sodium test for inducing hypnosis. The extract also exhibited a dose-dependent effect on the duration of sleep induced by thiopental sodium at doses of 200 and 400 mg/kg. Additionally, when comparing the control group, it was apparent that both doses increased the duration of sleep they observed in the subjects in the thiopental sodium test, as shown in Table 4.
Table 5. Effect of MEDM on Thiopental Sodium Induced Sleeping Time Test
	Treatment
	Dose
	Thiopental Sodium induced sleeping time

	
	
	Onset of action (min)
	Duration in total (min)

	Control
	0.1mL/mice
	5.62±1.07
	61.2±1.66

	Diazepam
	1
	2.87±0.23
	134.7±1.35

	MEDM
	200
	4.94±0.44
	116.2±4.21

	MEDM
	400
	3.37±0.33
	130.2±6.01



4.4.2 Forced swimming test
[bookmark: _Hlk169012823]The administration of MEDM at doses of 200 and 400 mg/kg resulted in a significant increase in immobility time when compared to the control. In the murine model, the standard pharmacological agent diazepam (1 mg/kg, i.p.) also significantly increased the duration of immobility. The most pronounced depressive effect of Diospyros Malabarica was observed at a dose of 200 mg/kg (Table 6).
Table 6. Effect of MEDM on Forced Swimming Test  
	Treatment
	Dose (mg/kg)
	mobility time (s)

	Control
	0.1mL/mice
	24.49±1.22

	Diazepam
	1
	93.64±1.08

	MEDM
	200
	63.00±1.03

	MEDM
	400
	86.41±0.6



5. Discussion:
Building on the in-depth pharmacological assessment of the methanolic extract of Diospyros malabarica (MEDM), the bioactivity observed can be mechanistically attributed to a wide range of phytochemical compounds, which include flavonoids, tannins, terpenoids, and alkaloids. Individual and synergistic actions of these classes of compounds exert considerable anticancer, antimicrobial, antisickling and neuropharmacological activity (Chowdhury et al., 2023).
The notable anticancer effect against HeLa cells, evidenced by a clear dose-related increase in the cell inhibition (from 9.31% at 125 µg/mL to 49.16% at 1000 µg/mL), and by the observed morphological changes, may be an effect of the pro-apoptotic and anti-proliferative actions of the flavonoids and terpenoids in the extract. As previously stated, flavonoids are known to induce apoptosis by inducing pro-apoptotic proteins such as Bax and inhibiting anti-apoptotic proteins such as Bcl-2 while generating reactive oxygen species (ROS) leading to oxidative stress and DNA damage within the cancer cells (Akter, Nazim, et al., 2024). The terpenoids may contribute through the inhibition of NF-κB or PI3K/Akt signaling; both are critical pathways controlling cell survival and proliferation. Finally, the phase contrast images demonstrating morphological changes like cell shrinkage and membrane blebbing provide visual support of the in vitro apoptotic cell death caused by the extract (Shaira et al., 2023).
The antimicrobial effect, which showed a dose-dependent increase in the zone of inhibition against both Gram-positive and Gram-negative bacteria (e.g., Bacillus cereus, 19 mm at 700 µg/disc) and fungi (e.g., Penicillium chrysogenum, 14 mm at 700 µg/disc), was related to the effect of both tannins and flavonoids. Tannins disrupt microbial membranes by binding to proteins and enzymes, compromising the cell wall and leading to lysis. Flavonoids exert antimicrobial effects by chelating essential metals (i.e., iron), inhibiting energy metabolism, and intercalating into microbial DNA to prevent replication. The broader efficacy against Gram-positive bacteria is possibly due to the simple structure of the cell wall, making it more permeable to these phytochemicals than the complex outer membrane of Gram-negative organisms (Takey et al., 2024).
One of the most promising findings is the plant's powerful antisickling activity. MEDM at 500 µg/ml was able to reverse up to 72.49% of sickled cells after 120 minutes, outperforming the standard drug phenylalanine during some time intervals. The plant's potent effects in reversing sickling are likely mediated through anthocyanins and other flavonoids present in the extract. These compounds have the capacity to interfere with the polymerization of deoxygenated hemoglobin S by binding with hydrophobic pockets on the HbS molecule (Bhuiyan et al., 2023). This interaction inhibits the formation of fibers and rigid polymers, preventing the red blood cell from becoming elongated and distorted into a sickled shape. The antioxidant effects of flavonoids may also limit oxidative stress in red blood cells, which contributes to the decrease in membrane integrity and sickling in sickle cell disease. The observation of a time- and concentration-dependent increase in the reversibility of sickled cells supports the therapeutic potential of the phytochemicals in combating hemolytic crises.
In terms of neuropharmacological testing, MEDM exhibited significant dose-dependant effects for both the thiopental sodium-induced sleep test and the forced swim test. The effect on sleep onset (reduction from 5.62 min in control to 3.37 min at 400 mg/kg) and sleep duration (increase from 61.2 min to 130.2 min) reflects a sedative-hypnotic effect, likely mediated through the flavonoid and alkaloid derived from the plant, as these potently enhance GABAergic neurotransmission (Shomudro et al., 2023). These compounds may function as strong positive allosteric modulators of the GABAA receptor to enhance influx of chloride ions into the cell, leading to potent inhibition of neuronal function. As it relation to the forced swim test, the pronounced increase in immobility time (increase from 24.49s in control condition to 86.41s at 400 mg/kg dose group) indicates a depressant effect on the central nervous system. The observed depressant effect could also occur through an enhancement of inhibitory neurotransmission and/or an inhibition of monoamergic systems (e.g., serotonin and norepinephrine), both of which are involved in mood and motor activity alterations.
6. CONCLUSION
In summary, the diverse pharmacological effects of Diospyros malabarica are a direct result of its various phytochemicals. The combined actions of flavonoids, tannins, terpenoid, and alkaloids contribute to the plant's anti-cancer, antimicrobial, antisickling and neuroactive effects. These results corroborate its traditional applications and strongly support its continued use as a source of new therapeutic agents for treatment of cancer, infectious disease, sickle cell anemia, and neurodegenerative disorders. Future work should focus on the isolation and identification of bioactive compounds responsible for each activity in order to more accurately define the mechanisms of actions, as well as other possible uses in the clinic.
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