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Article History: Abstract: Background: The abundance of bioactive phytochemicals in 

medicinal plants has a variety of applications in human health and 

pharmacological therapy. Diospyros buxifolia (DB, Ebenaceae) is a 

less-recognised source of secondary metabolites, nutraceuticals, and 

antioxidants, with potential therapeutic effects on intestinal disorders. 

Our previous publications identified more than 25 bioactive 

phytochemicals with a promising multitargeted approach targeting 

Wnt-β-catenin pathway proteins in colorectal cancer through 

molecular docking analysis. Further, our published results have 

demonstrated in vitro antiproliferative activity against colon cancer 

cells, thereby supporting the extract's effectiveness. However, no 

detailed investigation towards the possible toxicity of DB has been 

conducted. Therefore, this study aimed to evaluate the acute and sub-

acute toxicity of DB bark methanol extract in Balb/c mice. Eight 

groups of mice (8-12 weeks, 25 ± 3g), comprising female and male 

groups (n = 5), were designed. Following OECD guidelines 423, 425, 

and 407, a 14-day (single oral dose) and a 28-day (daily doses) study 

was conducted at 500, 750, 1000, and 2000 mg/kg of DB bark 

methanol extract to investigate acute and sub-acute toxicity, 

respectively. No mice showed lethality over the administration of 2000 

mg/kg b.w. The body weight and biochemical parameters were 

evaluated. The livers, lungs, heart, spleen and kidneys were examined 

histologically. No variations were observed in food intake, water 

consumption, mortality, or body and organ weights. Similarly, DB, 

even at higher doses, did not significantly alter haematological and 

serological parameters, with no significant signs of abnormalities or 

toxicity, all within the normal range, consistent with the CCSEA 

compendium. Additionally, histological examinations showed no 

significant difference compared to control animals. The present study 

demonstrated no acute or sub-acute toxicity following the oral 

administration of DB extracts. Therefore, DB extract is non-toxic at 

the tested doses and safe for food and pharmaceutical applications. 

Keywords: Phytochemicals, Diospyros buxifolia, acute toxicity, sub-

acute toxicity, Balb/c mice. 
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INTRODUCTION 
 

Phytochemical preparations and bioactive 

phytochemicals play a significant role in the treatment 

of human diseases. About 40% of the therapeutic 
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agents currently used by locals in the Western Ghats 

of India are derived from natural resources, 

particularly medicinal plants. Based on the various 

descriptions in the literature, multiple parts of the 

genus Diospyros have been used to treat several 

infectious diseases, including antibacterial, antifungal, 

anthelminthic, and antiviral; urogenital (anti-

hemorrhagic); skin diseases that include dermatitis, 

fresh wounds, bedsores, and rashes; and 

musculoskeletal disorders related to body pain, 

bruises, painful fractures, and rheumatism. 

Furthermore, the bark, fruit, and root are the most 

commonly employed components of Diospyros in 

traditional medicine [1, 2].  

Diospyros buxifolia (DB) has a pantropical 

distribution and belongs to the genus Diospyros, 

which comprises around 500-600 species. DB, 

commonly known as Kunchigana mara, is a 

traditional plant with ethnopharmacological value for 

the treatment of diseases related to oral cavity health 

(oral wounds, bad breath, and toothaches) and 

gastrointestinal disorders. Triterpenoids, tannins, and 

naphthoquinones are among the active 

phytocompounds found in Diospyros species. The 

methanolic extracts of the leaves demonstrated 

significant antibacterial activity, while the stem 

extracts exhibited notable antioxidant potential. Thus, 

DB is a proven source of natural antimicrobial and 

antioxidant agents, which could address the 

challenges posed by drug-resistant microorganisms 

and oxidative stress in global health [3-5].  

Although plant extracts have been extensively studied 

for their therapeutic potential, their toxicological 

effects in animal models are crucial for establishing 

safety profiles before clinical trials. Toxicological 

research plays a pivotal role in public health. These 

studies identify potential adverse effects, establish safe 

dosage ranges, and evaluate the impact on vital organs 

such as the liver, kidneys, and heart. This information 

is crucial for designing clinical trials that prioritise 

participant safety and for ensuring that only safe and 

effective drugs are approved for public use. Research 

papers provide insights into both the potential benefits 

and risks associated with their use. For example, 

Solanum elaeagnifolium extracts showed toxicity at 

high doses (2000 mg/kg) in Swiss albino mice, leading 

to death, while lower doses did not significantly affect 

biochemical markers or organ histology [6-8]. 

DB has been used as an herbal medicine with a range 

of health benefits. Our previous publications 

identified more than 14 potential GC-MS 

phytochemicals and 11 potential LCMS-MS 

compounds with a promising multitargeted approach 

targeting Wnt-β-catenin pathway proteins in 

colorectal cancer through molecular docking analysis. 

Further, our published results of in vitro 

antiproliferative activity against colon cancer cells and 

molecular docking studies h have demonstrated the 

effectiveness of the extract. Based on our literature 

review, the potential toxicity of this medicinal plant 

has not been examined [8, 9, 23]. Conducting acute 

and sub-acute toxicity studies in accordance with 

OECD (Organisation for Economic Co-operation and 

Development) guidelines is important for several 

reasons, including standardisation, regulatory 

acceptance, scientific rigour, comparability, 

compliance, and animal welfare. The toxicity studies 

conducted in accordance with OECD guidelines 

provide reliable, accepted, and ethically sound safety 

data crucial for protecting human health and the 

environment. Therefore, the current study was 

designed to evaluate the acute and subacute toxicity 

of the DB stem bark methanol extract in accordance 

with the OECD guidelines 407, 423 and 425, 

respectively. After oral administration, body weight, 

organ weight, histopathology, haematological 

parameters, and biochemical parameters were 

analysed. 

 

 
Figure 1: Graphical representation of the 

experimental design for acute and sub-acute toxicity 

studies of DB extract in mice. 

 

Materials and methods 

Plant material: DB tree samples were collected from 

the Western Ghats of Karnataka, India.  The 

Herbarium was submitted, and authenticated by Prof. 

Niranjan Raj S. The herbarium number (BOTIDB01) 

for the DB sample was obtained from the Department 

of Botany, KSOU, Mysuru. The stem bark of DB was 

surface-sterilised (3-4 times washed with tap water, 

then treated with 5% sodium hypochlorite solution for 

15 minutes, rinsed with sterile water 3-4 times), air-

dried, and finely powdered using a mixer-grinder. [8, 

9]. 

 

Soxhlet extraction and preparation of methanol 

extract: The powder from the DB stem bark was 

defatted overnight (n-hexane), followed by methanol 

extraction using the Soxhlet apparatus (Labmatrix, 

Karnataka, India). The extract was concentrated 

under reduced pressure at 60 ± 1°C in a rotary vacuum 

evaporator (Steroglass, strike 300, Italy) until a solid 

mass was obtained, and stored in an air-tight 

container in a refrigerator (at 4 °C) [8, 9]. Stock 

solutions for mouse treatment were prepared in 

phosphate-buffered saline. 
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Experimental animal: Balb/c mice (8-12 weeks, 25 ± 

3g) were procured from Chromed Biosciences Pvt. 

LTD., Tumkur, Karnataka, India, with an ethical 

clearance dated 10-12-2024 (Reference number-

CBPL/CL/002/1012). The mice were housed 

individually in sterile cages and used for toxicity 

studies. Mice were maintained under standard 

conditions (22±3 °C; 12 h light/dark cycle; 40-50% 

humidity) with free access to water and food [10, 14, 

21].  

 

Oral acute and sub-acute toxicity studies: To establish 

the acute toxicity model, a single oral dose of DB 

extract at 500, 1000, and 2000 mg/kg b.w. was 

administered to groups 2, 3, and 4 of mice, 

respectively, by oral gavage. The mice were sacrificed 

after 14 days to analyse the toxicity in accordance with 

OECD guidelines 423 and 425.  

Among Sub-acute studies- A daily dose of DB extract 

at 500, 750, or 1000 mg/kg b.w. was administered to 

groups 2, 3, and 4 of the mice, respectively, by oral 

gavage. In the study, the mice were sacrificed after 28 

days to analyse the toxicity of the DB extract in 

accordance with OECD guideline 407. In both acute 

and sub-acute toxicity analyses, the animal grouping 

is given in Table 1.  

The general behaviour of mice and signs of toxicity 

were observed continuously for 1 h following oral 

treatment, then intermittently for 4 h, and thereafter 

continuously for 24 h [16-20]. The mice were further 

observed once a day for the following treatments for 

behavioural changes, signs of toxicity and/or death 

and the latency of death. Organ weights and toxicity-

associated parameters, including biochemical 

indicators, haematological and histological analyses, 

were measured and recorded upon sacrifice. [19-22]. 

 

Evaluation of relative body weight: The vital organs 

were dissected and weighed carefully. The relative 

organ weight of each animal was calculated by the 

formula: 

 Relative organ weight (g/100g) = organ 

weight(g)/body weight (g)×100 

Haematological and serum analysis: The blood 

samples collected in EDTA tubes and serum samples 

for biochemical parameters were analysed for the 

parameters listed in Tables 3.2 and 3.3. For serum 

analysis, blood samples in non-EDTA-coated tubes 

were allowed to clot for 5 minutes, then immediately 

centrifuged at 3000 rpm for 10 minutes to separate the 

serum. Protein concentrations in the serum samples 

were analysed using the Lowery et al. method, with 

bovine serum albumin as the protein standard. All 

other haematological and biochemical parameters 

were determined using an automated haematology 

and serum biochemical analyser [10, 14, 16, 21]. 

 

Histopathological analysis by Harris hematoxylin & 

eosin technique: The tissues (kidney, liver, heart, 

lungs, and spleen) were fixed in buffered formalin 

(10% formaldehyde) overnight at room temperature 

and submitted for histological staining (Harris 

hematoxylin & eosin technique).  Representative 

sections of the liver, spleen, and kidney were prepared 

and fixed in tissue cassettes, then processed in a tissue 

processor for 12 hours. The cassettes were embedded 

in molten paraffin wax and allowed to cool on a cold 

plate, forming blocks. These paraffin blocks were 

mounted on a rotary microtome to obtain 4 µm-thick 

sections. The tissue sections were carefully removed 

from the microtome knife and placed in a water bath 

to remove folds. The best sections were mounted on 

labelled slides and incubated in an oven at 58 °C 

overnight to fix. The slides were then stained with 

Harris hematoxylin and eosin. A mounting agent 

(Dibutyl phthalate in xylene) was applied, and the 

specimens were finally covered with a cover slip to 

prevent bubble formation [9-16].  The slides were 

examined microscopically using a standard 

compound microscope at 10X and 40X magnification 

and recorded for histopathological changes.  

 

Statistical analysis 

The computer-guided statistical programme 

GraphPad Prism, version 8.0.2, was used for analysis. 

The analysis involved summarising the data as the 

mean ± SD using descriptive statistics. Next, one-way 

and two-way ANOVA were performed to assess 

significant differences in mean values between the 

treatment groups, with p < 0.05 considered 

statistically significant [11-13]. 

 

 

 

 

 

Results and discussion: 
Secondary metabolite-rich plants are known to have positive effects on human and animal health and serve as a 

foundation for all ethnopharmacological applications in medicine. Further, designing human trials depends on 
determining a safe dosage range in animal models. For example, the clinical potential of Caesalpinia spinosa is 

supported by the absence of severe toxicity in long-term investigations. Clinical trial design and patient population 

targeting can be influenced by knowledge of therapeutic effects and practices [8, 9]. For example, curcumin and other 

polyphenols derived from medicinal plants can have a dual role; they act as antioxidants at lower doses but can cause 

oxidative stress through ROS generation when consumed in excess. The balance between beneficial and toxic effects 

often depends on doses.  
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In the present study, experimental animals showed no changes in water or food intake or behaviour after oral 

administration of the DB extract in the acute and sub-acute groups 2, 3, and 4, compared to the respective controls. 

The weight gain of control/group-1 (2.8%), group-3 (2.6%) and group-4 (3.8%) mice was comparable to their initial 

weight in the acute 14-day study. However, the group-2 mice treated with 500 mg/kg gained only 0.5% to its initial 

weight (Figures 2A and 2B). Similarly, in the sub-acute treatment, groups 1, 3, and 4, treated with saline, 750, and 

1000 mg/kg of DB, showed 5.6, 6.3, and 5.8% increases in body weight over 28 days (Figures 2C and 2D). As 

observed in acute treatment group-2 (500mg/kg b.w.) mice, the mice administered gained comparatively less (4.7%) 

than in other groups. In our toxicity study, a decrease in body weight of mice after administering a plant extract can 

indicate potential adverse effects of the extract on the animals. Some possible reasons for this weight loss include 

stress or toxicity to organs, leading to reduced appetite or reduced water and food intake. The reasons could also be 

gastrointestinal discomfort, diarrhoea, and excessive urination. However, mice treated with higher doses of DB did 

not show the effect, ruling out the extract's toxicity. Furthermore, detailed observations, biochemical assays, and 

histopathological studies are typically needed to confirm the cause [16-22]. 

 

The relative weights of the important organs of the test groups, such as the liver, heart, kidneys, and spleen, after 

sacrifice showed no significant change compared with those of the control mouse groups. Interestingly, the group 2 

mice with comparatively less weight gain also did not show abnormal organ weights. Furthermore, there were 

minimal to insignificant differences in the aforementioned parameters between male and female mice among both 

acute and sub-acute treatments (Figures 3A, 3B, 3C and 3D). 

 

The haematological results, with underlying parameters, showed no significant differences between the treatment 

groups and the control animals, except for an increased lymphocyte count of 12.1 and 16.6 /103/μl in Group 4 of 

both acute and sub-acute mice, compared to the control (7.0 and 6.5 /103/μl, respectively). Further, the 

haematological parameters such as Haemoglobin, RBC, WBC, Platelets, Granulocyte, Lymphocyte, Monocyte, 

MCV and MCH did not exceed the normal range for Balb/c mice as specified by the CCSEA (Committee for Control 

and Supervision of Experiments on Animals) rules (Tables 2 and 3) [19-22].  

 

Further, serum biochemical parameters showed no significant differences between the treatment groups and the 

control animals, except for cholesterol levels, which were 174.19 and 149.26 U/L in groups 2 for acute toxicity and 

subacute toxicity, respectively, indicating a mild rise compared to the control groups (149.46 and 134.73 U/L, 

respectively). The serum glucose levels of 170.80 and 153.04 U/L in groups 2 and 4 for acute toxicity and 146.16 

U/L in group 4 for sub-acute toxicity respectively, which showed a mild increase when compared to the control 

groups (glucose= 123.04 and 120.16 U/L for acute and sub-acute toxicity respectively), nevertheless, they did not 

stray from the normal range of Balb/c mice as directed by CCSEA rules (Tables 4 and 5) [19-22].  

Performing histopathology is important in mouse toxicity studies because it provides detailed insights into the 

microscopic structural changes in tissues and organs caused by the extracts.  Histology detects tissue and cellular 

damage to identify target organs and the mechanism of tissue damage and potential risks. In the current investigation, 

as shown in Figures 5 and 6, histological examination of the spleen, liver, and kidneys at the end of the treatment 

period showed a structural architecture similar to that of the control animals, with no significant lesions or other 

histopathological abnormalities [19, 20]. 

 

Although plant extracts have potential health benefits, their use in clinical trials requires thorough evaluation of safety 

and efficacy data from animal studies. From the literature, several plants used as herbal medicines have not 

consistently demonstrated safety during and after administration in pre-clinical and clinical assessments [9, 13, 14, 

23]. To ensure human safety, extensive preclinical testing is required, given the heterogeneity of plant composition 

and the potential for adverse effects at high doses. Adhering to guidelines such as those from the OECD (407, 423, 

and 425) and the CCSEA compendium ensures that preclinical studies provide reliable data for regulatory approval 

and clinical trial progression [16-23]. Our experiments in Balb/c mice for acute and sub-acute toxicological 

parameters, following standard guidelines, indicate that the administration of DB bark-methanol extracts at dosages 

up to 2000 mg/kg in single-dose acute and up to 1000 mg/kg in repeated-dose sub-acute toxicity assessments did not 
demonstrate noticeable toxicity. Therefore, Diospyros buxifolia extract is safe for long-term use at these specific dosages 

and has established health benefits. However, due to resource limitations, the toxicity of DB was not evaluated in 

other organs, such as the nervous, reproductive, and immune systems. Further, the typical pre-chronic studies (90 

days) with longer exposure periods may yield different results. 
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Table 1: Division of groups for the treatment of DB extract for acute and sub-acute toxicity studies using 

Balb/c mice. 

Gender Acute toxicity studies 

(mg/kg body weight, single dose) 

Sub-acute toxicity studies 

(mg/kg body weight, daily dose) 

Group 1 Group 2 Group 3 Group 4 Group 1 Group 2 Group 3 Group 4 

Male  

n=5/ 

group 

Control-

saline 

500 1000 2000 Control-

saline 

500 750 1000 

Female 

n=5/ 

group 

Control-

saline 

500 1000 2000 Control-

saline 

500 750 1000 

Note: n = Number of mice.

 
Figure 2: Body weight measurements (gms) of male and female mice in the acute [Figures A and B] and sub-acute 

[Figures C & D] toxicity study of the methanol extract of DB. Results are represented as the mean ± SD for 

n=5/group. 
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Figure 3: Organ weights (kidney, spleen, and liver in grams) of male and female mice in the acute [Figures A and 

B] and sub-acute [Figures C & D] toxicity study of the methanol extract of DB. Results are represented as the 

mean ± SD for n=5/group. 

 

Figure 4: Representative morphology of various  

 

organs of treated and control mice in acute toxicity studies [Left] and sub-acute toxicity studies [Right]. 

 

Table 2: Haematological parameters of Balb/c mice for acute toxicity studies. Values are expressed as the mean 

± SD for n=5.  
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Acute toxicity- Haematological parameters 

Parameters Control DB-500 mg/kg DB-1000 mg/kg DB-2000 

mg/kg 

Haemoglobin (g/dl) 13.1±2.24 11.4±0.8 16.3±1.8 15.7±1.85 

RBC (106 /μl) 7.73±2.2 7.5±0.2 9.5±1.2 9.49±0.24 

WBC (103 /μl) 11.5±0.1 12.9±1.85 13.0±1.85 12.8±1.4 

Platelet (103 /μl) 967±28.5 821±26 773±21 860±20 

Granulocyte (103 /μl) 8.6±0.15 7.8±0.15 7.8±0.15 8.3±0.15 



                                                          ©2026 European Journal of Clinical Pharmacy; All Rights Reserved 

  

2907 

 

How to Cite: Bhargavi, G., Sapna, M., Ravindra, K. N., Rao, S. M. S., Rajesh, R., & Angaswamy, N. (n.d.). 

Toxicological evaluation of Diospyros buxifolia (Blume) Heirn. bark extract: Acute and sub-acute studies in 

mice.European Journal of Clinical Pharmacy. 2026. 8(1) 2901-2910 
 

  

   

 

 

 

 

 

 

 

TABLE3:Haematological parameters of Balb/c mice for sub-acute toxicity studies. Values are expressed as the 

mean ± for n=5.  

Sub-acute toxicity- Haematological parameters 

Parameters Control DB-500 

mg/kg 

DB-750mg/kg DB-1000mg/kg 

Haemoglobin (g/dl) 13.7±0.1 12.4±0.8 12.8±0.15 14.7±0.85 

RBC (106 /μl) 8.23±0.135 7.5±0.2 7.9±0.15 9.37±0.315 

WBC (103 /μl) 9.5±0.1 10.9±1.8 9.8±0.25 10.8±1.4 

Platelet (103 /μl) 948±28 931±26 911±31 840±50 

Granulocyte (103 /μl) 10.5±0.15 9.7±0.65 8.8±0.45 9.3±0.2 

Lymphocyte (103 /μl) 6.5±0.25 6.0±0.5 7.2±0.5 16.6±1.5 

Monocyte (103 /μl) 1.0±0.15 0.9±0.2 0.86±0.2 1.2±0.1 

Mean corpuscular volume 

(MCV)(fL) 

52.0±1.5 46.4±0.3 46.4±0.3 47.0±0.8 

Mean corpuscular 

haemoglobin (MCH)(pg) 

15.3±0.35 15.2±0.15 15.2±0.15 15.0±0.1 

 

Table 4: The serum biochemical parameters of Balb/c mice for acute studies. Values are expressed as the mean 

± SD for n=5. 

Acute toxicity- Serum biochemical parameters 

Parameters Control  DB-500 mg/kg DB-1000 mg/kg DB-2000 mg/kg 

Alkaline Phosphatase 

(U/L)  

11.69±0.79  14.44±0.79  10.94±0.79  12.69±0.79  

Bilirubin (U/L) 4.70±0.001 5.95±0.001 4.82±0.001 5.20±0.001  

Cholesterol (U/L) 149.46±12.5  174.19±0.001 147.04±0.001  159.6±0.001  

Creatinine (mg/dL) 0.29±0.01  0.22±0.01  0.19±0.05  0.32±0.02  

Glucose (U/L) 123.04±14.5  148.24±0.001  170.80±0.001  153.04±0.001 

Lactate 

dehydrogenase (LDH) 

(U/L) 

639.06±8.5  746.64±10.0  607.36±13.0  637.06±6.5  

SGOT (U/L) 78.09±5.54  88.56±3.53  85.07±2.52  93.36±4.32  

SGPT, (U/L) 24.43±2.01  21.38±0.504  26.61±3.52  24.40±1.51  

Total protein (U/L) 5.2±0.001  6.7±0.001  5.32±0.001  6.4±0.001  

 

Lymphocyte (103 /μl) 7.0±0.25 6.4±1.2 7.4±0.4 12.1±1.0 

Monocyte (103 /μl) 1.2±0.01 1.3±0.2 0.78±0.2 0.9±0.1 

Mean corpuscular volume 

(MCV)(fL) 

52±1.5 46.4±0.3 50.4±0.1 48.7±0.85 

Mean corpuscular 

haemoglobin (MCH)(pg) 

15.3±0.35 15.2±0.15 16.0±0.1 15.7±0.1 
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Table 5: The serum biochemical parameters of Balb/c mice for sub-acute toxicity studies. Values are expressed 

as the mean ± SD for n=5. 

Sub-acute toxicity-Serum biochemical parameters 

Parameters Control DB-500 mg/kg DB-750 mg/kg DB-1000 mg/kg 

Alkaline Phosphatase 

(U/L)  

6.78±0.00  12.69±0.79  10.6±0.79 9.25±4.76 

Bilirubin (U/L) 5.94±0.001  4.70±0.001  3.9±0.001 3.81±0.00 

Cholesterol (U/L) 134.73±0.00  149.26±0.001  139.46±0.001  134.45±0.001  

Creatinine (mg/dL) 0.29±0.01  0.20±0.05  0.18±0.05  0.30±0.02  

Glucose (U/L) 120.16±0.001  124.04±0.001  143.04±0.001 146.16±0.001  

Lactate 

dehydrogenase (LDH) 

(U/L) 

591.20±8.5   623.23±8.0 620.0±10.0  657.01±6.5  

SGOT (U/L) 74.13±1.51  78.09±5.54  79.5±2.5  80.36±3.02  

SGPT, (U/L) 23.43±2.01  18.4±1.5  17.5±1.5 20.5±2.5  

Total protein (U/L) 5.5±0.001  5.71±0.001 6.02±0.001  5.62±0.001  

 
 

 

 

 

 

 

 

 

 

 

 

Figure 5: Representative histopathology of different organs of treated and control mice among the acute toxicity 

studies. 
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Figure 6: Representative histopathology of different organs of treated and control mice among the sub-acute 

toxicity studies.  
 

CONCLUSION  
 

Diospyros buxifolia has therapeutic potential as an 

alternative medicine for the treatment of many oral 
diseases and infections. Our previous in silico and in 

vitro studies have demonstrated promising anticancer 

and antioxidant activities. In the present work, the 

acute and sub-acute toxicities of DB bark methanol 

extract were examined through the oral route in 

Balb/c mice. The results of acute and sub-acute 

toxicity showed no significant toxic effects following 

examinations of water and food intake, behaviour, 

body weight, or organ weights compared to control 

animals. Haematological parameters, serum reports, 

and histopathology also showed values similar to 

controls, with no significant abnormalities or toxicity, 

all within the normal range. Therefore, DB bark 

extract is safe for use at these dosages and has 

established health benefits. These results provide 

valuable data on the non-toxic nature of DB extracts. 

Furthermore, assessments such as genotoxicity, 

subchronic toxicity, and reproductive toxicity are 

required to proceed to clinical studies of this 

medicinally important plant. 
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