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A B S T R A C T   

Diospyros mespiliformis, commonly called Jackal berry or African ebony, belongs to the plant family, Ebenaceae. 
The roots, barks and leaves have been used traditionally to treat wide varieties of conditions, however, there is 
limited information and literature reports concerning the toxicity and safety of this plant. The present study was 
conducted to evaluate the acute and sub-chronic toxicity of the crude methanolic extract of Diospyros mes
piliformis and its fraction in Wistar rats. Diospyros mespiliformis was extracted by methanol 96 %. The crude 
methanolic extract was then fractionated into low, average and high polar compounds using hexane, ethyl ac
etate and butanol respectively. For the acute toxicity study, the revised limit Dose Test of “Up and Down” 
procedure according to the OECD guideline was used to determine the median lethal dose (LD50) of the crude 
methanolic leaf and bark extracts using a single fixed dose (5 g/kg) of the extracts administered by oral-gavage 
sequentially to 5 female Wistar rats. The rats were observed for instant death and toxicity signs for 24 h and then 
daily for 14 days. In the sub-chronic toxicity study, the bark and leaf ethyl acetate fractions (extract) was 
administered orally at doses of 250, 500 and 750 mg/kg bw /day respectively for 28 days to healthy Wistar rats. 
At the end of the experimental period, body weight, certain haematological, serum biochemical and histo
pathological parameters were evaluated. Results showed that acute oral administration of crude methanolic 
extract of Diospyros mespiliformis (5 g/kg bw) produced neither mortality nor visible changes in behavior or any 
other physiological activities and indicated that the LD50 of crude methanolic leaf and bark extract was greater 
than 5 g/kg bw in Wistar Rats. In the 28-days repeated dose oral toxicity study, no significant toxic effects was 
detected in any of the parameters evaluated. In conclusion, the crude methanolic extract was found safe in the 
acute toxicity study and the ethyl acetate fraction of Diospyros mespiliformis in the sub chronic study in rats could 
be safe for therapeutic purposes over a period not exceeding 28 days.   

1. Introduction 

For decades, humans and animals have depended on plant as means 
of food and medicines [1]. There is increase acceptance of crude herbal 
products in the developed countries [2]. Several cultures still rely on 
preserved information relating to traditional healing systems, and in 
countries like China and India, this has developed into a sophisticated 

system of diagnosis, medicinal preparations and treatment [3]. Natural 
products represent a considerable source of novel chemicals that could 
translate to drug development and discovery [4]. In the past, the 
increased interest in the use of herbal medicines in particular, has been 
powered by the pharmaceutical industry exploring newer compounds 
for the treatment of diseases. The World Health Organization (WHO) in 
recognition of the enormous importance of herbal medicine to primary 
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health care delivery has recommended for actual identification, empir
ical utilization and development of medicinal herbs for their safety use 
and efficacy in medical care [4]. 

Diospyros mespiliformis, commonly called Jackal berry or African 
ebony, belongs to the plant family, Ebenaceae. In Nigeria, the plant is 
popularly known in Hausa as Kanya and in Yoruba as Igidudu. The leaves 
are simple and alternate in arrangement and dark green in coloration. 
The plant is dioecious and flowers in the months of April and May and 
matured fruits are large yellow berries [5]. Ethno botanical application 
of different parts of the plant has been reported. 

The roots and barks are utilized in enhancing delivery and as remedy 
for pneumonia, malaria, leprosy syphilis and diarrhea [6]. The root bark 
is also used as an anthelmintic [7]. A decoction of the leaves is usually 
used against fever, whooping cough and to treat wounds [8–10]. 
Experimental studies have revealed that the leaf extract of 
D. mespiliformis was active against Plasmodium berghei, pain and fever 
[9,11]. The water, ethanol, and methanol extracts of the plant possess 
antibacterial activity [5,12]. Phytochemical investigations on 
D. mespiliformis have revealed a number of secondary metabolites 
including alkaloids, tannins, saponins, glycosides, anthraquinones, fla
vonoids and volatile oil [13]. Earlier studies [14] reported the effect of 
the plant extract in yankasa sheep while Jigam et al., [15] reported the 
acute toxicity of the plant extract in mice using intraperitoneally (i.p) 
route. However, there is limited published data about its safety and 
systemic evaluation at high doses of the plant using the oral route, thus 
its safety profile is needed. In this study, acute and sub-chronic evalu
ation of the different parts of Diospyros mespiliformis was conducted in 
Wistar rats 

2. Material and methods 

2.1. Plant materials, collection and identification 

The fresh leaves, bark and root of the Diospyros mespiliformis (800 g) 
each were collected from Basawa area, Zaria, Nigeria. The samples were 
identified and authenticated by Namadi Sanusi at Herbarium of Bio
logical Sciences Department, Ahmadu Bello University, Zaria. A voucher 
specimen (no. 938) of the samples was issued for future reference. The 
plant parts were air - dried in the laboratory under a stream of fast 
moving air and pulverized using mortar and pestle. The powdered plant 
parts were put in sealed plastic containers, labeled and kept at 4 ◦C until 
required to prepare the extracts. 

2.2. Animal selection and care 

Healthy Wistar rats of both sexes, with an average weight of 185 g 
were obtained from the Animal House, Department of Biological Sci
ences, Usmanu Danfodiyo University (UDU), Sokoto, Nigeria and were 
used in the present study. The animals were housed in cages in the 
Department of Veterinary Pharmacology and Toxicology Laboratory, 
UDU, Sokoto, Nigeria for a period of two weeks to acclimatize prior to 
commencement of the study. They were fed on pelletized growers feed 
(Vital feed®) and tap water provided ad libitum. All the experiments 
were approved by the Departmental Animal Ethics Committee of the 
Usmanu Danfodiyo University, Sokoto in line with the OECD 2001 
standard guidelines on laboratory use of animals. 

2.3. Experimental design 

The rats were randomly divided into four groups, each consisting of 6 
rats.  

• Group 1: Normal control (NC) group: These rats were orally (p.o) 
treated only with the equivalent volume of ultrapure water as used 
for the administration of Diospyros mespiliformis extract. 

• Groups 2,3 and 4: Diospyros mespiliformis extract was dissolve in ul
trapure water to achieve doses of 250, 500 and 750 mg/kg respec
tively and administered orally once daily for 28 days. 

2.4. Preparation of extracts and fractionation 

Powdered form (500 g) of each plant part of Diospyros mespiliformis 
(DM) was mixed with two litres of methanol (Merck KGaA, Darmstadt, 
Germany), allowed to stand for 24 h with frequent shaking. Following 
24 h the extracts were separately filtered using Whatman filter paper 
size 1 (Whatman No. 1, Fitchburg, WL, USA). The residues were again 
subjected to same treatment with methanol for complete extraction 
process. Thereafter the crude methanol extracts were combined for each 
plant parts and evaporated at room temperature under a fast stream of 
moving air [16] and stored in refrigerator. The percentage yield for each 
plant part extracts was then calculated as described [16]. 

The crude methanolic extract was subjected to fractionation using 
solvents with increasing polarity (hexane, ethyl acetate and n-butanol). 
For fractionation purpose, known volume of the crude extract was sus
pended in a separatory funnel using known volume of distilled water 
and the suspension was shaken with known volume of hexane, ethyl 
acetate and n-butanol (Sigma-Aldrich, Inc., St. Louis, MO, USA) suc
cessively to obtain the different fractions. All the fractions were kept 
separately in an amber glass bottle and maintained in a − 20 ◦C 
refrigerator 

2.5. Acute oral toxicity study of crude methanol extracts of the leaf and 
bark of Diospyros mespiliformis 

The median lethal dose (LD50) as an indication of acute toxicity of the 
methanol extracts of the leaves and bark of Diospyros mespiliformis (DM) 
were determined using Limit Dose Test of the Revised “Up and Down” 
Procedure (UDP) according to OECD guideline [17]. Briefly, single limit 
dose of 5 g/kg each of the extracts was administered individually to 5 
female nulliparous rats within 48 h interim depending on whether the 
earlier dosed rat survived or not. Each animal was observed for instan
taneous death and then monitored for the first 48 h for the short-term 
effect and daily thereafter for the next 14 days for any delayed toxic 
effects. 

2.6. Sub-chronic toxicity studies 

Sub-chronic toxicity studies were carried out on forty rats divided at 
random into eight groups of 5 rats each using simple random sampling 
technique by balloting. The animals were first numbered and then 
randomly assigned into groups. Example: group A (1–5); group B (6–10) 
etc. Rats in groups A, B and C were orally administered ethyl acetate 
fraction of leaf of Diospyros mespiliformis at 250 (5% LD50), 500 (10 % 
LD50) and 750 (15 % LD50) mg/kg via gavage respectively while distilled 
water (5 mL/kg) was administered to rats in group D (untreated control) 
for 28 days. Similarly, the ethyl acetate fraction of bark of DM was orally 
administered to groups E, F and G (250, 500 and 750 mg/kg) respec
tively using gavage while group H serves as untreated control and was 
administered distilled water for 28 days. The choice of ethyl acetate 
fraction of the crude methanol extract was based on earlier preliminary 
pharmacological experiment conducted on wound healing. That’s why 
we decided to further evaluate its toxicity for usage. All the treated rats 
were monitored for toxicity and weighed weekly for four weeks. The 
experiment was terminated at the end of the 28 day period. Following 
the last treatment (24 h later), the rats were euthanatized using a 
chloroform chamber. 2 mL of blood was collected from each experi
mental rat, by cardiac puncture; in sample bottles containing ethyl
enediaminetetraacetic acid (EDTA) for haematological evaluation. 
Additional 2 mL of blood (serum) was also obtained from individual rats 
for measurement of biochemical parameters. 
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2.7. Haematological analysis 

Haematological parameters including Red blood cells (RBC), white 
blood cells (RBC), platelets, haemoglobin concentration and packed cell 
volume (PCV) were determined as described in the operational manual 
of Auto haemoanalizer - Erma(R) (PCE-210) Inc., Japan. 

2.8. Determination of serum biochemical parameters 

Serum alanine aminotransferase (ALT), aspartate aminotransferase 
(AST) and alkaline phosphatase (ALP) activity were determined using 
Randox assay kit (Randox Laboratories Ltd, Ardmore, Antrim, UK) as 
described by [18]. Total bilirubin was assayed by the method earlier 
described by [19]. Albumin was assayed by the method described by 
[20]. Total protein was determined according to biuret method as 
described by [21]. Urea and uric acid were determined by the method of 
[22] while sodium (Na+) and potassium (K+) were estimated according 
to the method of [23]. 

2.9. Histological analysis 

Liver, kidney, heart and skeletal muscle harvested from individual 
rat were immediately fixed in 10 % formalin (Sigma-Aldrich, Inc., St. 
Louis, MO, USA) solution and then processed for histological examina
tion [24]. 

2.10. Statistical analysis 

Results were expressed in mean ± SEM following analysis via one- 
way ANOVA to assess significant difference between groups followed 
by Tukey post-hoc test to examine significant difference (P ≤ 0.05). 

3. Results 

3.1. Acute oral toxicity of crude methanolic leaf and bark extracts of 
Diospyros mespiliformis 

All the rats administered the leaf and bark extracts of Diospyros 
mespiliformis at 5 g/kg were calm but very alert. The rats continued 
feeding after 3 h of treatment. No death was recorded in all the rats 
treated with the extracts at the dose of up to 5 g/kg throughout the 
experimental period (Table 1). The oral LD50 of the crude methanol 
extracts of the leaf and bark of Diospyros. mespiliformis were found to be 
greater than 5 g/kg body weight /orally in rats respectively. 

3.2. Effect of sub-chronic administration of the ethyl acetate fraction of 
the leaf and bark of Diospyros mespiliformis on body weighy of rats 

The effects of the leaf and bark ethyl acetate fractions of Diospyros 
mespiliformis on body weight changes of rats following sub-chronic 
treatment are presented in Figs. 1 and 2. Rats treated with the ethyl 
acetate fraction of the leaf of DM at 250, 500 and 750 mg/kg had per
centage increase in body weight of 15 %, 13 % and 10 %, respectively. 
Similarly, animals treated with the ethyl acetate fraction of the bark of 
the plant at 250, 500 and 750 mg/kg had their body weight increase by 

23 %, 14 % and 15 %, respectively 

3.3. Effect of sub-chronic administration of the bark of ethyl acetate 
fraction of Diospyros mespiliformis on haematological parameters of rats 

The effect of the ethyl acetate fraction of the bark of Diospyros mes
piliformis on some haematological parameters of Wistar rats after sub- 
chronic administration is shown on Table 2. There was a dose - depen
dent decrease in the WBC, lymphocytes, monocytes, and granulocytes 
levels, in rats treated with the bark ethyl acetate fraction of DM. Others, 
including RBC count and MCV, although had irregular patterns of in
crease and decrease These observations were not significant among 
various dose groups and even in comparison with the control group that 
were administered distilled water at 5 mL/kg. 

3.4. Effect of sub-chronic administration of the leaf ethyl acetate fraction 
of Diospyros mespiliformis on haematological parameters of rats 

The effects of the ethyl acetate extract of the leave of Diospyros 
mespiliformis on the haematological parameters of rats is shown in 
Table 3. The MCV increased with increase in dose. Other parameters like 
the RBC count, the MCH and the MCHC had no regular pattern of change 
and were not different across all the groups, including the control. In the 
cases of lymphocyte and monocyte counts, statistically (P < 0.05) lower 
value was observed in the control group compared with the highest 
dosed treatment group (750 mg/kg). However, there was no difference 
between the control group and the low dosed (250 mg/kg) and the mid 
dosed (500 mg/kg) treatment groups. Other parameters, including 
MCHC, had irregular change patterns, although not statistically (P >
0.05) different compared to the control group (distilled water, 5 mL/kg) 
and the highest treatment group (750 mg/kg). 

Table 1 
Result of limit dose test of methanolic leaf and bark extracts of Diospyros mes
piliformis hochst ex a. Dc (ebenaceae) in rats.  

Test order Animal Tag Dose (g/kg) Short-term effect 
(24 h) 

Delayed effect 
(14 days) 

01 I 5 Survival Survival 
02 II 5 Survival Survival 
03 III 5 Survival Survival 
04 IV 5 Survival Survival 
05 V 5 Survival Survival  

Fig. 1. Effect of the ethyl acetate leaf extract of Diospyros mespiliformis (DM) on 
the body weight changes of rats after sub-chronic administration. 

Fig. 2. Effect of the ethyl acetate bark extract of Diospyros mespiliformis (DM on 
the body weight changes of rats after sub-chronic administration. 
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3.5. Effect of sub-chronic administration of the bark ethyl acetate fraction 
of Diospyros mespiliformis on biochemical parameters of rats 

The effect of sub-chronic administration of ethyl acetate extract of 
bark of Diospyros mespiliformis on the biochemical parameters of rats is 
shown in Table 4. Although albumin fluctuated with increase in dose 
rate, there was no difference among all the groups, including the control. 
A similar observation was made in cases of TC, K+, urea and creatinine. 
On the other hand, a significant (P < 0.05) difference between the 
highest dose treatment group was observed when compared with the 
control group in respect to AST, ALT, and N+. However, there was no 
difference between the control group and the highest treatment group of 
750 mg/kg, with respect to alkaline phosphatase, total bilirubin and 
total protein. 

3.6. Effect of sub-chronic administration of the leaf ethyl acetate fraction 
of Diospyros mespiliformis on biocchemical parameters of rats 

The effect of sub-chronic administration of ethyl acetate extract of 
leaf of Diospyros mespiliformis on the biochemical parameters of rats is 
shown in Table 5. Although both the AST and the albumin increased 
with increase in dose, there was no difference between the highest dose 
group and the control group. In both cases on the other hand, there was a 
significant (P < 0.05) difference between the highest dose group of 750 
mg/kg and control in the case of AST. 

3.7. Effect of sub-chronic administration of the leaf and bark ethyl acetate 
fraction of Diospyros mespiliformis on the histology of some organs of rats 

The effects of ethyl acetate fractions of the leaf and bark of Diospyros 
mespiliformis on the histology of some organs of rat are presented on 
Plate 1, Plate 2, Plate 3Plate 1 . The plates showed haematoxylin and 
eosin (H and E) stained sections of tissue samples from rats treated with 
leaf and bark ethyl acetate extracts of D. mespiliformis following sub- 
chronic administrations. The kidney, skeletal muscle and the heart of 
all the rats in the experiments showed no visible lesions, even at 

Table 2 
Effects of daily treatment for 28 days with ethyl acetate bark extract of Diospyros 
mespilliformis on haematological parameters of rats.   

Ethyl acetate fraction bark (mg/kg)  

Parameters 250 500 750 DW 

WBC (103/μl) 22.78 ±
2.06 a 

14.60 ± 3.42 
b 

10.76 ±
3.28 b 

14.56 ±
2.55 b 

Lymphocyte (103/ 
μl) 

8.76 ± 1.57 
a 

9.74 ± 2.53 a 14.62 ±
1.45 b 

9.92 ± 1.72 
a 

Monocyte (103/μl 2.02 ± 0.32 
a 

1.36 ± 0.31 b 0.94 ± 0.27 
a 

1.18 ± 0.26 
a 

Granulocytes (103/ 
μl) 

6.12 ± 0.50 
a 

3.50 ± 0.95 b 2.06 ± 0.54 
b 

3.40 ± 0.66 
b 

RBC (x106/μl) 7.10 ± 0.33 
a 

6.03 ± 1.56 a 8.17 ± 0.53 
a 

7.61 ± 0.34 
b 

Haemoglobin (g/ 
dl) 

15.32 ±
0.83 a 

17.68 ± 1.74 
a 

18.56 ±
1.78 a 

16.56 ±
0.74 a 

PCV (%) 39.94 ±
1.62 a 

33.64 ± 8.57 
a 

46.08 ±
3.30 b 

42.46 ±
1.57 b 

MCV (fl) 56.30 ±
0.81 a 

54.08 ± 2.45 
a 

56.26 ±
0.86 a 

55.84 ±
0.57 a 

MCH (pg) 21.52 ±
0.25 a 

21.76 ±
15.04 a 

22.48 ±
0.77 a 

21.74 ±
0.22 a 

MCHC (g/dl) 38.24 ±
0.65 a 

39.06 ±
16.24 a 

39.96 ±
1.05 a 

38.92 ±
0.33 a 

Platelet (103/μl) 891 ± 27 a 907 ± 43 a 966 ± 43 a 926 ± 45 a 

Values are presented as mean ± standard error of mean. DW = Distilled water (5 
mL/kg). 
WBC = White blood cells; RBC = Red blood cells; PCV = Packed cell volume; 
MCV = Mean corpuscular volume; MCH = Mean corpuscular haemoglobin; 
MCHC = Mean corpuscular haemoglobin concentration. 
Means in the same row compared to control with different superscript letters are 
significantly different (P<0.05). 

Table 3 
Effect of daily treatment for 28 days with ethyl acetate leaf extract of Diospyros 
mespiliformis on the haematological parameters of Wistar rats.   

Ethyl acetate fraction leaf (mg/kg)  

Parameters 250 500 750 DW 

WBC (103/μl) 13.18 ±
1.53 a 

11.34 ±
2.50 b 

18.92 ±
1.84 c 

10.06 ±
1.89 b 

Lymphocyte (103/ 
μl) 

8.64 ± 1.14 
a 

7.64 ± 1.65 
a 

11.64 ±
1.08 b 

6.06 ± 1.25 
c 

Monocyte (103/μl 1.20 ± 0.21 
a 

0.90 ± 0.28 
a 

1.90 ± 0.20 
b 

0.90 ± 0.19 
a 

Granulocytes (103/ 
μl) 

2.74 ± 0.57 
a 

3.34 ± 0.56 
a 

5.34 ± 0.77 
b 

5.84 ± 5.07 
b 

RBC (x106/μl) 6.78 ± 0.56 
a 

7.40 ± 0.66 
a 

8.19 ± 0.27 
a 

7.61 ± 0.54 
a 

Haemoglobin (g/ 
dl) 

14.18 ±
0.69 a 

15.84 ±
0.56 a 

17.92 ±
0.83 b 

16.24 ±
1.25 a 

PCV (%) 37.72 ±
1.79 a 

42.06 ±
1.34 a 

45.60 ±
3.06 a 

34.02 ±
2.77 b 

MCV (fl) 56.00 ±
1.70 a 

56.24 ±
1.97 a 

56.84 ±
0.89 a 

56.86 ±
0.64 a 

MCH (pg) 21.88 ±
0.56 a 

21.12 ±
0.77 a 

21.36 ±
0.21 a 

21.24 ±
0.22 a 

MCHC (g/dl) 39.10 ±
0.66 a 

37.56 ±
0.47 a 

37.60 ±
0.27 a 

37.42 ±
0.52 a 

Platelet (103/μl) 843 ± 27 a 858 ± 43 a 895 ± 32 a 863 ± 27 a 

Values are presented as mean ± standard error of mean. DW = Distilled water (5 
mL/kg). 
WBC = White blood cells; RBC = Red blood cells; PCV = Packed cell volume; 
MCV = Mean corpuscular volume; MCH = Mean corpuscular haemoglobin; 
MCHC = Mean corpuscular haemoglobin concentration. 
Means in the same row compared to control with different superscript letters are 
significantly different (P<0.05). 

Table 4 
Effect of sub-chronic administration of ethyl acetate extract of the bark of Dio
spyros mespiliformis on some biochemical parameters of rats.   

Dose (mg/kg)  

Parameters 250 500 750 DW 

AST (U/L) 0.04 ± 0.0 a 0.05 ± 0.0 b 0.08 ± 0.0 b 0.14 ± 0.1 c 

ALT (U/L) 0.05 ± 0.0 a 0.05 ± 0.0 a 0.16 ± 0.11 b 0.16 ± 0.1 b 

ALP (U/L) 55.52 ± 3.4 a 134.69 ±
8.04 b 

59.31 ± 5.50 
a 

73.79 ± 7.70 
a 

Total bilirubin 0.43 ± 0.1 a 0.71 ± 0.08 
a 

0.57 ± 0.18 a 0.58 ± 0.07 a 

Total cholesterol 
(mg/dl) 

0.29 ± 0.1 b 0.32 ± 0.05 
b 

0.23 ± 0.1 a 0.32 ± 0.03 b 

Total protein (g/ 
dl) 

7.12 ± 0.3 a 7.09 ± 0.2 a 7.42 ± 0.2 a 7.49 ± 0.4 a 

Albumin (g/dl) 3.64 ± 0.1 a 3.50 ± 0.14 
a 

3.95 ± 0.07 b 3.72 ± 0.1 b 

Sodium 13076.0 ±
137.2 a 

13272.0 ±
92.9 a 

13692.0 ±
396.9 a 

13944.0 ±
104.8 a 

Potassium 3.70 ± 0.1 a 3.94 ± 0.06 
a 

4.40 ± 0.19 a 4.50 ± 0.11 a 

Urea (mg/dl) 48.00 ± 5.4 a 49.46 ±
0.13 a 

64.00 ± 4.5 b 70.30 ± 3.2 b 

Creatinine (mg/ 
dl) 

0.67 ± 0.0 a 0.80 ± 0.13 
a 

0.80 ± 0.13 a 0.67 ± 0.0 a 

Values are presented as mean ± standard error of mean. DW = Distilled water (5 
mL/kg). 
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline 
phosphatase. 
Means in the same row compared to control with different superscript letters are 
significantly different (P<0.05). 
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magnification of ×400. However, congestion of the central vein was 
observed in the liver of the group administered 750 mg/kg (Plate 3) of 
the leaf ethyl acetate fraction in the sub-chronic study. Focal area of 
hepatic degeneration was observed in the liver of the group of rats 
administered bark ethyl acetate fraction at 500 mg/kg (Plate II) in the 
sub-chronic study. 

4. Discussion 

Safety studies on herbal product have been assessed by performing 
acute toxicity test amongst other toxicity testing using laboratory ani
mals [25]. Water, butanol and ethanol are all known to extract high 
polar compounds from plant materials. However, this present studies 

involve an activity guided experiment, thus methanol extraction was 
used. Methanol, a polar and an amphiphilic compound dissolves both 
polar and non-polar constituents of plant extracts [26]. In the acute 
toxicity study, no any sign of acute toxicity or instant mortality was seen 
in any of the rats tested following single oral administration of 5000 mg 
kg− 1 body weight of Diospyros mespiliformis (Table 1). Thus, the oral 
LD50 of the extracts of the plant parts was considered to be greater than 
5000 mg kg− 1. Earlier report has observed substances having an LD50 
value higher than 2000 mg/kg to be relatively safe for use [27]. This 
indicates that Diospyros mespiliformis crude methanolic extract has low 
toxicity and safe when administered orally. Similarly, in an earlier 
study, a low toxicity of the crude methanolic root extract of 
D. mespiliformis with LD50 of 620 mg/kg following intraperitoneal 

Table 5 
Effect of sub-chronic administration of ethyl acetate extract of the leaf of Dio
spyros mespiliformis on some biochemical parameters of rats.   

Dose (mg/kg)  

Parameters 250 500 750 DW 

AST (U/L) 0.02 ± 0.0 0.05 ± 0.0 0.06 ± 0.0 0.06 ± 0.0 
ALT (U/L) 0.05 ± 0.0 0.04 ± 0.0 0.04 ± 0.0 0.05 ± 0.0 
ALP (U/L) 62.07 ± 8.14 

a 
71.38 ± 9.70 
a 

76.21 ± 10.1 
b 

72.83 ± 14.4 
a 

Total bilirubin 0.73 ± 0.11 0.63 ± 0.10 0.54 ± 0.14 1.17 ± 0.55 
Total cholesterol 

(mg/dl) 
0.37 ± 0.10 0.20 ± 0.04 0.29 ± 0.08 0.40 ± 0.12 

Total protein (g/ 
dl) 

6.94 ± 0.16 7.45 ± 0.32 7.20 ± 0.44 6.87 ± 0.25 

Albumin (g/dl) 3.64 ± 0.08 3.57 ± 0.08 3.59 ± 0.10 3.67 ± 0.07 
Sodium 13328.0 ±

92.87 a 
13384.0 ±
84.00 a 

13776.0 ±
94.95 a 

14084.0 ±
56.00 a 

Potassium 3.88 ± 0.10 4.14 ± 0.10 4.20 ± 0.18 4.20 ± 0.06 
Urea (mg/dl) 44.61 ±

0.97a 
54.30 ± 2.50 
b 

39.27 ± 2.35 
a 

48.00 ± 2.35 
b 

Creatinine (mg/ 
dl) 

0.67 ± 0.0 a 0.67 ± 0.0 a 0.67 ± 0.0 a 0.67 ± 0.0 a 

Values are presented as mean ± standard error of mean. DW = Distilled water (5 
mL/kg). 
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline 
phosphatase. 
Means in the same row compared to control with different superscript letters are 
significantly different (P<0.05). 

Plate 1. Photomicrograph of the liver of a rat in control group (5 mL/kg, DW, 
28 days) showing normal hepatocyte and normal central vein (CV). H and E 
× 400. 

Plate 2. Photomicrograph of liver of rat treated with 500 mg/kg ethyl acetate 
extract of the bark of D. mespiliformis in sub-chronic treatment, showing focal 
areas of hepatic degeneration (Arrow). H and E × 400. 

Plate 3. Photomicrograph of the liver of a rat treated with 750 mg/kg of the 
ethyl acetate extract of the leaf of D. mespiliformis in sub-chronic treatment, 
showing normal hepatocytes and congested central vein (arrow) H and E×200. 
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administration was reported in mice [14]. Measurement of haemato
logical parameters plays is crucial in assessing the physiological and 
pathological status in man and animals. Thus alteration in normal values 
of these parameters could occur following ingestion of some toxic plants 
[28,29]. In the sub-chronic study for 28 days, no significant alteration 
was observed in all the haematological parameters of the treated rats 
when compared with the control group except for group treated with the 
fraction of leaf ethyl acetate of the plant at 750 mg/kg that had signif
icantly (P < 0.05) higher values of neutrophil, basophil, eosinophil, 
monocyte and lymphocyte compares to control group rats. 

The neutrophilia observed in this study could be connected with the 
daily administration of high dose of the extract, as a source of stress as 
noninfectious conditions including malignancy, chemical intoxication, 
and metabolic intoxication (uremia) usually stimulate stress reaction 
and could lead to neutrophilia. The increase but non-significant (P >
0.05) changes in RBC, PCV, Hb, WBC count and differential WBC count 
suggest that the extract could influences haematopoiesis pathway 
without cellular inflammatory process. 

Antigen-antibody reactions, decomposition of tissues, parasitism or a 
wide variety of chronic diseases involving continuous degranulatiom of 
mast cells and causing release of histamine, mostly induce eosinophilia 
[30]. All the treated rats in the sub-chronic toxicity studies gained 
weight, although not dose dependently. This may be as a result of the 
nutritional components of the crude plant materials like carbohydrate, 
crude protein and lipid that are contained in the extracts of this plant 
[31]. Quantification of enzymes activities in body fluids is crucial in 
disease investigation and diagnosis. Tissue enzyme activities are 
frequently used as a ’marker’ to establish toxic effects of administered 
compounds to experimental animals. Chalasani et al. [32] reported that 
regardless of the mechanism involved, reduce serum activities of ami
notransferases have not been shown to correlate with the toxicologically 
significant outcome on the liver. Therefore, the decrease in the activity 
of AST as seen between the control group and 750 mg/kg bark ethyl 
acetate fraction treated group may not be attributed to toxic effect of the 
plant extract, as indicated by the result of histopathology of the liver. 
The insignificant difference observed in ALT, ALP, total bilirubin, con
jugated bilirubin, total protein, urea and creatinine in the treated groups 
as compared with the control was an indication that the extract is 
relatively not toxic at the tested doses and period used in this study. One 
may conclude that based on the results of liver and kidney functions and 
histopathology of these organs, the extract had no overall significant 
toxicity in rats. Cellular morphological changes resulting from non-fatal 
injury are labeled degenerations and these are reversible disorders if the 
cause of the injury is removed [30]. Therefore the focal areas of hepatic 
degeneration that were observed in rats treated with leaf ethyl acetate 
extract at 500 mg/kg in the sub-chronic toxicity studies and congestion 
in rats treated with leaf ethyl acetate fraction at 750 mg/kg, were 
reversible pathological lesions, suggesting that the extracts, even at 
those doses are relatively safe. Body responses to this degenerative 
change include active hyperaemia and, consequently, congestion as seen 
in rats administered leaf ethyl acetate fraction at 750 mg/kg in the 
sub-chronic toxicity studies. The hyperaemia was as a result of increase 
in capillary blood to the liver. This was caused by increased physio
logical demand for blood, in response to challenges caused by the 
wound. This led to congestion as seen in the liver of rats administered 
the highest dose of 750 mg/kg in the sub-chronic study [30]. Lower 
doses of 250 mg/kg and 500 mg/kg of leaf ethyl acetate fraction gave no 
visible lesion in the sub-chronic toxicity studies. This is in agreement 
with earlier observation [33] who reported that toxicity of substances 
may be directly related to the doses exposed to, since every substance 
may be toxic if given in large enough doses, as the difference between 
medicine and poison is the dose, with toxicity increasing with increase 
in dose. The kidney, skeletal muscles and the heart tissues of all the rats 
in all experimental groups in the sub-chronic toxicity studies showed no 
visible lesions. 

5. Conclusions 

The crude methanolic extract of the plant parts of Diospyros mes
piliformis has an LD50 ≥ 5 g/kg following oral administration in rats, thus 
safe based on the OECD standards. In the sub-chronic toxicity studies, 
the leaf and bark ethyl acetate fractions of the plant were relatively safe 
(P > 0.05). Further therapeutics studies are suggested to ascertain the 
extensive traditional use of the plant. 
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