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Abstract  

This study investigated the antidiabetic activity of the crude ethanol extract of Diospyros mespiliformis 
(DM) and its ethyl acetate (EEF) and aqueous (AQF) fractions on alloxan-induced diabetic rats. The 
result indicated a significant (p < 0.05) decrease and improvement in fasting blood glucose (FBG) level 
and body weight, respectively. The treatment groups exhibited a significantly (p < 0.05) decreased 
aspartate aminotransferase (AST) level (100-117 IU/L) and decreased gamma-glutamyl transferase 
(GGT) level in the EEF (4.80 ± 1.02 IU/L) and AQF (5.80 ± 0.80 IU/L) groups only. All the extract-treated 
groups exhibited a significant increase (p < 0.05) in urea and creatinine levels than the naïve control 
group (6.94 ± 0.20 mM/L). Moreover, the Na+ remained significantly (p > 0.05) unchanged while the K+ 

level was significantly (p < 0.05) increased for the treatment groups. The HCO3- of the treated groups 
increased significantly (p < 0.05) except for the AQF (21.60 ± 1.63 mM/L) group. The total cholesterol 
and triglyceride levels decreased significantly (p < 0.05) for the treatment groups while the high-
density lipoprotein-cholesterol (HDL-C) and low-density lipoprotein-cholesterol (LDL-C) levels 
remained unchanged but significantly higher than the metformin group. DM possesses significant 
hypoglycemic and hypolipidemic activity lowering hyperglycemia and hyperlipidemia, and improving 
body weight and diabetic markers. 
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1 Introduction 

Diabetes is a state of altered metabolism 
and is regarded as a leading cause of mortality 
and morbidity especially in developing and low-
income countries [1]. Among others, persistent 
hyperglycemia has been identified as one of the 
culprits that alter the normal metabolic state 
and subsequently result in a diabetic state [1]. A 
diabetic state results in the alteration of not only 
carbohydrate metabolism but also lipid 
metabolism, thus, further complicating its 
management strategies [2]. Notable 
complications of the disease include acute and 
chronic complications, however, the latter 
which include cardiovascular complications, 
neuropathy, and nephropathy pose a major 
challenge in the treatment [1]. The normal 
recommendation is often improvement in diets 
and exercise; however, therapeutics are 
regarded as an additional option to achieve 
glycemic control [3]. The use of therapeutic is 
often complicated by the alteration of the 
metabolic state which leads to further 
challenges, including the choice of drugs, 
multiple doses, and combined therapies [4]. In 
diabetic management, the use of antidiabetic 
drugs might further complicate treatment as 
they are often associated with undesirable 
effects. Thus, continuous use might not be 
considered [4]. Moreover, for low-income 
countries, challenges including the cost of the 
drugs lead to prospects for affordable 
alternatives such as plant-based drugs [5].  

The affordability and availability in 
addition to minimized side effects of medicinal 
plants make them alternatives to modern drugs 
in diabetic management [5]. Medicinal plants of 
different efficacies were reported as 
alternatives in folkloric diabetic management 

prepared in various forms including decoction, 
maceration, and infusions [6]. Furthermore, 
previous literature reported the application of 
plants in the management of diabetes-related or 
induced ailments in addition to diabetic 
management [7-13].  The capability of these 
plants to relieve and minimize symptoms of 
diabetes is attributed to their phytochemical 
components which are secondary metabolites 
produced by plants for purposes, including 
protection against weather conditions and 
predators [14]. Secondary metabolites of 
various types, including saponins and 
flavonoids are abundant in plants and were 
previously reported to exert different individual 
and synergistic pharmacological effects [15-17]. 
These metabolites target different proteins 
associated with the pathology of diabetes [18-
21]. Plant-based drugs might relieve diabetic 
symptoms through interaction with several 
pathways and different molecules [18, 22]. 
Thus, an approach to relieve diabetic symptoms 
by medicinal plants might be viewed as a better 
alternative as they can target the different 
alterations caused by diabetes while at the same 
time bringing about collective relief and 
minimizing chronic complications. Previous 
studies revealed the anti-diabetic effects of 
some plants in diabetic management including 
hypoglycemic [21], hypolipidemic [11], anti-
inflammatory [23], and antioxidant effects [10, 
23, 24]. 

D. mespiliformis (DM) is native to Africa 
and associated with different pharmacological 
applications in folkloric healing including 
antidiabetic purposes [25]. It grows up to 25 
meters with long branches and harbors fruits 
often used as food. Different classes of 
secondary metabolites were reported from the 
plant, including flavonoids and saponins, 
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previously reported to exert antidiabetic effects 
[8]. In this study, we investigated the 
antidiabetic activity of the crude ethanol extract, 
ethyl acetate, and aqueous fractions of D. 
mespiliformis in alloxan-induced diabetic rats.   

 
2 Methods  

2.1 Materials  

DM was identified by a Forest Technologist 
from Adamawa State Polytechnic after 
collection from the Mayo-belwa Area of 
Adamawa State. A voucher specimen 
(ASP/FT/23/009) was deposited in the 
Forestry Technology Department. 

2.2 Drugs, reagents, and chemicals  

Alloxan (monohydrate): Oxford Lab Fine 
Chem LLP (India) was used for the diabetic 
induction. Metformin: Diabetmin® (Hovid 
Pharmaceuticals Ltd, Nigeria) was used as a 
standard antidiabetic drug. AST, GGT, albumin, 
cholesterol, triglycerides, HDL-C, urea, 
creatinine, and electrolytes kits (Randox 
Laboratories Ltd, Antrim, UK). All other 
chemicals and reagents used were of AnalaR.  

2.3 Experimental animals 

Male Wistar rats weighing 140 ±30 were 
obtained from Hema Farms Nigeria Ltd, Yola, 
Adamawa State. The animals were maintained 
under standard conditions of dark/light circles 
with free access to a standard diet (Finisher 
pellet, Chikun Feed, Crown Flour Mill Ltd, Lagos) 
and water. All animal experimental procedures 
were conducted according to the ethical 
guidelines of the Norwegian National 
Committee for Research Ethics in Science and 
Technology (NENT) 2018 [26]. 

2.4 Extract preparation  

The extracts and fractions were prepared 
as we described previously [19]. Briefly, one 
kilogram of the sample was subjected to one-
week maceration in 70% ethanol (v/v) and 
filtered, followed by drying under reduced 
pressure at 40 ℃ with a rotary evaporator 
(Buchi Rotavapor R-200) yielding 95 g of the 
crude ethanol extract (CRE). The fractions were 
obtained by suspending 50 g of the CRE to 

complete dissolution in 200 ml of distilled 
water, followed by continuous partitioning in a 
separating funnel via ethyl acetate addition until 
a clear ethyl acetate layer was formed, yielding 
the ethyl acetate fraction (EAF). The remaining 
aqueous layer was regarded as the aqueous 
fraction (AQF). Both the EEF and AQF were 
subjected to the same drying condition as the 
CRE to yield 10.60 g and 36.80 g of the EEF and 
AQF, respectively. 

2.5 Induction of diabetes 

Alloxan monohydrate dissolved in normal 
saline was intraperitoneally injected into 
overnight fasted rats at 150 mg/kg body weight 
to induce diabetes. Diabetes was confirmed in 
rats with FBG > 200 mg/mL [27]. Treatment 
was initiated after confirmation of diabetes. 

2.6 Experimental design  

Table 1 reveals the groups and three weeks 
of daily treatments administered to the rats via 
intragastric tube. The FBG was recorded initially 
and on the last day of treatment from the tail 
vein via puncture with a few drops added to the 
glucometer strip and glucose concentration was 
read from the glucometer (SD CodeFree™, SD 
Biosensor, Inc., Cheongju, Korea). The body 
weight was recorded weekly for three weeks. 
The blood sample was taken from anesthetized 
rats via cardiac puncture into lithium-heparin 
tubes and subjected to 20 minutes of 
centrifugation at 3000 rpm to separate the 
serum from cells for analysis.  
 
 
 
Table 1 Groups and Treatments Administered  
Groups  Description  Treatment received 
1 Naïve control 10 mL distilled water  
2 Negative control (diabetic) 10 mL distilled water  
3 Standard control (diabetic) 150 mg/kg b. wt. Metformin 
4 Treatment I (diabetic) 300 mg/kg b. wt. CR. 
5 Treatment II (diabetic) 300 mg/kg b. wt. EEF 
6 Treatment III (diabetic) 300 mg/kg b. wt. AQF 

 
 
 

2.7 Biochemical assay analysis  

The protocol of Reitmann [28] and Szasz 
[29] were employed for AST and GGT levels, 
respectively while the estimation of albumin 
was as previously described by Grant [30]. 
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Quantitation of urea and creatinine was done as 
described by Chaney and Marbach [31] and 
Bartels et al. [32], respectively. TC and TG were 
via the procedures described by Stein [33] and 
McGowan et al. [34], respectively while the high-
density lipoprotein-cholesterol (HDL-C) was 
quantified by the procedure described 
previously [35]. Lastly, the low-density 
lipoprotein cholesterol (LDL-C) was quantified 
by the protocol described by Friedewald et al. 
[36] while the serum electrolyte levels were as 
described in the kit’s manufacturer’s 
instructions.  

2.8 Statistics  

The results obtained were expressed as 
mean ± standard error of the mean (± SEM) and 
statistically evaluated using the Statistical 
Package for Social Sciences (SPSS) version 22 
software by one-way analysis of variance 

followed by Tukey's multiple comparison tests 
at p < 0.05 level of significance.  

 
3 Results and Discussion 

Figure 1a presents the effects of the CR, 
EEF, and AQF on the FBG. A significantly 
 (p < 0.05) higher initial FBG was exhibited by 
the diabetic groups than the naïve control group 
(82.44 mg/dl) without any significant 
difference (P > 0.05) between the final FBG of 
the naïve and treated groups. Notably, the 
treatment groups exhibited a significantly lower 
(p < 0.05) final FBG than the negative control 
(265.2 mg/dl) after 21 days. Figure 1b presents 
the effect of the CR, EEF, and AQF on body 
weight. The initial body weights of the rats 
weren’t significantly (p > 0.05) different among 
the groups initially up to two weeks of the study. 
However, a significant (p < 0.05) decrease in 
body weight (133 g) was exhibited by the 
negative control group after three weeks. 

 
 
 

 
Figure 1 Effect of DM on the; a) FBG and b) Body weights. Values with a and c superscripts are significantly (p < 0.05) higher 
than the naïve and negative control, respectively while values with b superscripts are significantly (p < 0.05) lower than the 
negative control 
 
 
 
Table 2 Effect of the CR, EEF, and AQF of DM on the Serum AST, GGT, and Albumin Levels 
Groups  AST (IU/L) GGT (IU/L) Albumin (g/L) Urea (mM/L) Creatinine (µM/L) 
Naïve 118.80 ± 9.09b 8.24 ± 0.19b 25.00 ± 1.58 6.94 ± 0.20 50.00 ± 5.34 
Negative control 149.40 ± 3.47 11.40 ± 0.51 30.20 ± 0.86e 9.70 ± 0.42ef 94.60 ±12.84e 
STD (Metformin) 134.00 ± 7.31 8.60 ± 0.51 27.20 ± 0.74 7.82 ± 0.20 58.60 ±7.64e 
CR  100.60 ± 4.12bc 8.80 ± 0.73 31.60 ± 0.51ef 9.96 ± 0.40ef 87.00 ± 5.34ef 
EEF 117.60 ± 5.78b 4.80 ± 1.02abcd 31.40 ± 0.51ef 12.28 ± 0.92efgh 71.80 ± 4.15be 
AQF 117.00 ± 8.72b 5.80 ± 0.80bd 31.20 ± 0.37ef 13.00 ± 1.51efgh 51.40 ± 8.88bd 
Values are expressed as mean ± SEM: n = 5 
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Diabetes induction via alloxan led to a 
significantly elevated FBG by inhibiting insulin 
secretion induced by insulin and selective beta-
cell necrosis via inducing ROS generation [37]. 
The CR, EEF, and AQF exhibited a slightly 
superior hypoglycemic effect than the STD 
(Metformin) possibly due to the reversal of the 
diabetic symptoms incurred by alloxan possibly 
via the reversal of the beta cell injury, promoting 
insulin secretion, sensitivity, and its action [38]. 
Administration of CR, EEF, and AQF antagonized 
weight loss due to muscle wasting obvious in the 
diabetic group without treatment [39], probably 
due to the improved insulin secretion and 
sensitivity coupled with enhanced glucose 
uptake preventing muscle wasting.  

Table 2 presents the effect of the CR, EEF, 
and AQF on the serum AST, GGT, albumin, urea, 
and creatinine levels. A significant (p < 0.05) 
elevation in AST level (149.40 ± 3.47 IU/L) was 
exhibited by the negative control than all the 
groups. The CR group demonstrated 
significantly (p < 0.05) lower AST level  
(100.60±4.12 IU/L) than the STD [(Metformin) 
134.00±7.31 IU/L] group. The EEF group 
exhibited a significant (p < 0.05) decrease in 
GGT level (4.80±1.02 IU/L) than the naïve 
control, negative control, STD (Metformin),  
and CR groups. Additionally, the AQF group  
also demonstrated a significant (p < 0.05) 
decrease in GGT level (5.80 ± 0.80 IU/L) than the 
negative control (11.40 ± 0.51 IU/L) and  
CR (8.80 ± 0.73 IU/L) groups. However, the GGT 
levels of the naïve control, negative control, STD 
(Metformin), and CR groups weren’t 
significantly (p > 0.05) different. The negative 
control and treated groups demonstrated a 
significantly (p < 0.05) increased albumin level 
than the naïve control (25.00 ± 1.58 g/L) and 
STD [(Metformin) 27.20 ± 0.74 g/L] groups. 

All the groups exhibited significantly 
higher (p < 0.05) levels of urea than the naïve 
control group (6.94 ± 0.20 mM/L) except the 
STD [(Metformin) 7.82 ± 0.20 mM/L] group. 
Additionally, the EEF (12.28 ± 0.92 mM/L) and 
AQF (13.00 ± 1.51 mM/L) groups demonstrated 
significantly (p < 0.05) higher urea levels  
than the negative control (9.70 ± 0.42 mM/L), 
STD (Metformin), and CR (9.96 ± 0.40 mM/L) 
groups. Furthermore, the urea level of the CR 
group was significantly (p < 0.05) higher urea 

than the negative control group. Similarly,  
the creatinine level of the other groups  
was significantly (p < 0.05) higher than the 
naïve control group except for the STD 
[(Metformin) 58.60 ±7.64 µM/L)]. Additionally, 
the creatinine level of the negative control was 
significantly (p < 0.05) higher than STD 
(Metformin), EEF (71.80 ± 4.15 µM/L), and AQF 
(51.40 ± 8.88 µM/L) groups. Moreover, the 
creatinine level of the STD (Metformin) and AQF 
was significantly (p < 0.05) lower than the CR 
group. 

Values in the same column with a, b, c, and 
d superscripts were significantly (p < 0.05) 
lower than the naïve, negative control, STD 
(Metformin), and CR groups, respectively while 
those with e, f, g, and h superscripts were 
significantly (p < 0.05) higher than the naïve, 
STD (Metformin), negative control, and CR 
groups, respectively. 

The central position of the liver in 
metabolism makes it a vital organ in 
maintaining glycemic control. Liver enzymes 
including AST, GGT, and albumin are regarded 
as liver dysfunction markers with their changes 
reflecting the extent of liver injury [40]. A 
correlation between persistent hyperglycemia 
and increased levels of these markers was 
previously reported [21, 41, 42]. The elevated 
AST, GGT, and albumin levels in the present 
study might be due to the associated 
hyperglycemia observed (Figure 1a). However, 
oral administration of the CR, EEF, and AQF 
significantly decreased the AST and GGT levels 
possibly by decreasing the hyperglycemia 
(Figure 1a).  

Urea and creatinine are normal metabolic 
wastes filtered out of the blood by the kidney, 
thus, a rise in the level of these products is 
regarded as a marker of kidney dysfunction and 
injury [43, 44]. Increased levels of creatinine 
and urea have been associated with impaired 
renal function in diabetes reflecting a decreased 
kidney function [44]. In our study, the urea was 
elevated after three weeks of treatment with 
decreased hyperglycemia. However, the AQF 
exhibited a decreased creatinine level reflecting 
improvement in renal function. The high level of 
urea and creatinine coupled with improved 
glycemic control observed might be due to 
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improved hepatic and beta cell functions 
without improved renal function. 

The effect of the CR, EEF, and AQF on the 
serum electrolyte levels is displayed in Table 3. 
The Na+ level wasn’t significantly different  
(p > 0.05). However, the K+ levels of the treated 
groups including STD (Metformin) were 
significantly (p < 0.05) lower than naïve  
(9.74 ± 0.66) and negative (9.50 ± 0.17) control 
groups. Moreover, both the negative control 
(96.00 ± 1.14) and EEF (96.60 ± 0.75) groups 

demonstrated a significant (p < 0.05)  
decrease in Cl- level than the naïve  
control (101.00 ± 1.14). Furthermore, the  
HCO3- level of the treated groups was 
significantly (p < 0.05) higher than the negative 
control (17.40 ± 0.25) group except for the  
AQF group (21.60 ± 1.63) which was lower than 
the STD [(Metformin) 26.40 ± 1.21] group.  
The HCO3- level of the EEF group significantly  
(p < 0.05) increased (27.40 ± 0.69) than the AQF 
and CR (22.20 ± 1.16) groups.  

 
 
 
Table 3. Effects of CR, EEF, and AQF of DM on the serum levels of electrolytes  

Groups  Na+ (mEq/L) K+ (mEq/L) Cl- (mM/L) HCO3
-
 (mM/L) 

Naïve 140.00 ± 1.14 9.74 ± 0.66 101.00 ± 1.14 27.60 ± 0.75 
Negative control 142.60 ± 0.51 9.50 ± 0.17 96.00 ± 1.14a 17.40 ± 0.25a 
STD (Metformin) 141.20 ± 0.84 6.36 ± 0.16ab 97.40 ± 0.51 26.40 ± 1.21e 
CR  142.20 ± 1.10 6.86 ± 0.07ab 97.60 ± 0.51 22.20 ± 1.16ae 
EEF 142.60 ± 1.34 7.32 ± 0.27ab 96.60 ± 0.75a 27.40 ± 0.69ed 
AQF 141.00 ± 0.71 7.80 ± 1.17ab 97.80 ± 0.66 21.60 ± 1.63ac 

Values are expressed as mean ± SEM: n = 5 

 
 
 
Table 4. Effects of CR, EEF, and AQF of DM on the Serum TC, TG, HDL-C, and LDL-C Levels  

Groups  TC (mg/dl) TG (mg/dl) HDL-C (mg/dl) LDL-C (mg/dl) 
Naïve 53.82 ± 2.59b 131.72 ± 11.40b 97.50 ± 11.24 66.30 ± 10.68 
Negative control 81.90 ± 4.45 275.90 ± 8.90 95.16 ± 10.06 47.58 ± 3.36 
STD (Metformin) 46.80 ± 3.49b 133.50 ± 12.59b 38.22 ± 6.80ab 25.74 ± 3.61a 
CR  61.62 ± 4.26bc 165.54 ± 16.80b 75.66 ± 4.20c 46.80 ± 2.76 
EEF 63.96 ± 2.00bc 96.12 ± 7.67bd 83.46 ± 7.66c 38.22 ±8.50 
AQF 62.40 ± 2.76bc 137.06 ± 4.54b 78.78 ± 3.36c 47.58 ± 6.00 

Values are expressed as mean ± SEM: n = 5 

 
 
 

Values in the same column with a, b, and c 
superscripts were significantly (p < 0.05) lower 
than the naïve, negative control, and STD 
(Metformin) groups respectively while those 
with e and d superscripts were significantly  
(p < 0.05) higher than the negative control, and 
CR and AQF, respectively. 

An alteration in electrolyte levels observed 
in diabetes is due to increased blood glucose 
levels leading to increased plasma osmolarity 
and impaired renal function creating electrolyte 
imbalance [45]. In our study, there was no 
significant change in Na+, however, the 
decreased level of K+ observed might be induced 
by the treatments as some compounds might 
induce hypokalemia [46]. Moreover, the 
decreased Cl- level might probably be due to the 
diabetic ketoacidosis-induced hyperchloremic 
alkalosis [47] which wasn’t modified by the 
treatment. Additionally, the ketoacidosis might 

decrease the HCO3
- level in the diabetic rats, 

though the treatment groups exhibited 
significantly improved HCO3- levels except for 
the AQF group.  

Table 4 shows the effects of CR, EEF, and 
AQF on the serum levels of TC, TG, HDL-C, and 
LDL-C. The TC level was significantly (p < 0.05) 
higher for the negative control group  
(81.90 ± 4.45 mg/dl) than the other groups.  
The treatment groups demonstrated 
significantly (p < 0.05) higher TC levels than the 
STD [(Metformin 46.80 ± 3.49 mg/dl]. Similarly, 
observation was made for the TG of the  
negative control group (275.90 ± 8.90 mg/dl) 
than the other groups. Additionally,  
among the treatment groups, the EEF group 
demonstrated a significantly (p < 0.05) lower 
(96.12 ± 7.67 mg/dl) TG level than the CR group 
(165.54 ± 16.80 mg/dl). The HDL-C level of the 
STD (Metformin) group (38.22 ± 6.80 mg/dl) 
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was significantly (p < 0.05) decreased than the 
other groups. Moreover, the HDL-C level wasn’t 
significantly different (p > 0.05) within the 
treatment, naïve control (97.50 ± 11.24 mg/dl), 
and negative control (95.16 ± 10.06 mg/dl) 
groups. Additionally, the STD (Metformin) 
group demonstrated a significantly (p < 0.05) 
decreased LDL-C level (25.74 ± 3.6 mg/dl) than 
the other groups.  

Values in the same column with a, b, and d 
superscripts were significantly (p < 0.05) lower 
than the naïve, negative control, and CR groups 
respectively while those with c superscript were 
significantly (p < 0.05) higher than STD 
(Metformin) 

Dyslipidemia is usually observed in 
diabetes and prediabetes reflecting a 
disturbance in lipid metabolism with 
accompanied elevation in TC, TG, LDL-C, and 
decreased HDL-C levels, though LDL-C levels 
might remain unchanged [48]. In our study, 
increased TC and TG levels without a significant 
(p > 0.05) change in HDL-C and LDL-C were 
observed in the diabetic rats. However, 
administration of CR, EEF, and AQF for three 
weeks significantly (p < 0.05) decreased the TC 
and TG levels without significant changes in 
HDL-C and LDL-C levels. The decreased TC and 
TG levels might reflect attenuation of 
dyslipidemia and improved lipid profile.  

 
4 Conclusions 

In our study, we explored the antidiabetic 
activity of DM leaf in alloxan-induced diabetic 
rats. In conclusion, DM possesses antidiabetic 
properties with significant hypoglycemic and 
hypolipidemic activity as its administration 
significantly lowered hyperglycemia and 
hyperlipidemia with improved body weight and 
diabetic markers levels. 
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