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Introduction
The study of the use of extracts of natural origin as medicines 

or health-promoting agents commonly known as phototherapy;  

 
is a famous ancient type of therapeutics. Different parts of plant 
have all been used for remedial purposes. Several studies from 

Abstract

The incidence of obesity is increasing tremendously, and it has been revealed that about 500 million adults are obese worldwide. 
This study evaluated the anti-obesity potentials of methanol extract of Ziziphous mucronata leaves (MEZM) in male albino rats. The 
extract obtained by standard methods was screened phytochemically and subjected to acute toxicity study using Lorkes method. 
Obesity was induced in rats by daily feeding with high fat diet for 5 weeks. Only rats with an abdominal circumference (AC) of 20 
cm, thoracic circumference (TC) of 17 cm and body mass index (BMI) of 0.68 g/cm2 and above respectively were considered obese 
and used for the study. The obese rats were assigned into 5 groups (II- VI) of 12 rats per group replicated three times. Whereas the 
rats in the normal control (group I) received normal growers mash diet and distilled water, the obese negative control (group II) 
received the high fat diet and distilled water only, while the positive control (group III) received high fat diet, distilled water and 
60 mg/kg b.wt of Orlistat. Graded doses of the extract (200, 400 and 800 mg/kg b.wt) were administered orally to groups IV, V 
and VI respectively for 28 days. During the treatment, AC, TC, BW and BMI were measured weekly. Following the 28-day treatment 
regimen, Rats were euthanized, and blood samples collected for serum lipid profile {Total cholesterol (Tchol), Triglycerides (TAG), 
High density lipoprotein (HDL) and Low-density lipoprotein (LDL)} analyses. Phytochemical analysis revealed the presence of 
tannins, saponins, phenols, steroids, flavonoids, and alkaloids in varying proportions. Acute toxicity results showed that the extract 
had no toxic effect on the rats and the oral LD50 was estimated to be greater than 5000 mg/kg. The extract showed dose-dependent 
anti-obesity effects as there was a significant (p< 0.05) decrease in AC, TC, BW and BMI of treated rats. The extract also significantly 
(p< 0.05) reduced serum concentrations of Tchol, TAG and LDL but with a corresponding significant (p< 0.05) increase in HDL 
concentration. It was concluded that Ziziphous mucronata extract possesses anti-obesity activity and could also play a significant 
role in the management of obesity-related complications such as cardiovascular diseases.
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different global regions recorded the increase in the use of plants 
to cure various human diseases [1]. Phytochemical substances 
with therapeutic properties come from medicinal plants. These 
properties rely upon the presence of different secondary metabolites 
like alkaloids, steroids, tannins, flavonoids, and phenol, which are 
synthesized and deposited in specific parts of these plants [2]. ver 
the past few years, obesity has garnered considerable attention 
due to its effects on public health and correlation with serious non-
communicable diseases, some of which are leading causes of death 
globally, including diabetes mellitus, cardiovascular conditions, 
musculoskeletal disorders, and a number of cancers, including liver, 
gallbladder, kidney, colon, prostate, and breast cancer [3]. 

The incidence of obesity is increasing tremendously, and it has 
been revealed that about 500 million adults are obese worldwide 
[4]. Any imbalance in pancreatic lipase and lipoprotein lipase 
activity can easily influence obesity. A crucial enzyme, pancreatic 
lipase, which is released by the pancreas, breaks down 50-70% of fat 
into monoglycerides and free fatty acids for enterocyte absorption. 
Fat builds up in adipose tissue is often reduced by inhibition of 
fat digestion and absorption [5]. Inhibition of pancreatic lipase 
is therefore one of the key targets for anti-obesity drugs [6]. 
However, the triglyceride-rich lipoproteins, chylomicrons, and 
very low-density lipoproteins (VLDL) are hydrolyzed by the rate-
limiting enzyme lipoprotein lipase, which results in the release of 
monoacylglycerol and non-esterified fatty acids (NEFA). These fatty 
acids and monoacylglycerol are both re-esterified into triglycerides 
(TG) and stored in adipose tissue as neutral lipids, or they are 
utilized by the muscles for metabolic energy. Any disturbance in 
lipoprotein lipase activity has an impact on how TG is distributed 
between muscle and adipose tissue, which in turn impacts obesity 
[7].

Obesity is associated with a state of excessive oxidative stress 
that leads to escalation in oxidative damage and oxidative stress 
markers which are associated with several diseases such as 
obesity, diabetes, other neurodegenerative diseases, cancer, and 
atherosclerosis [8,9]. It is crucial to note that any measures that can 
lower oxidative stress would be advantageous from a therapeutic 
standpoint [10]. Scientists are looking for natural bioactive 
molecules that are safe and effective at combating both obesity and 
oxidative stress because of the negative effects of some anti-obesity 
medications hence the present study aimed to evaluate anti-obesity 
effects of Ziziphous mucronata in Wistar rats and to determine the 
bioactive compounds that may be responsible for the bioactivities 
measured. Ziziphous mucronata is an important multi-purpose 
medicinal plant species used for various ailments in Africa [11].

Materials and Methods 
Collection and Identification of Plant Material

The leaves of Ziziphous mucronata were collected fresh from 
Okpella, Edo State and identified by Mr. Akanni Gbenga of Biological 
Science Department, Federal University, Lokoja, Kogi State.

Chemicals and Drugs

Methanol (BDH, England) and Serum lipid profile kits were 

purchased from the country representative of Sigma Chemical, St. 
Louis USA. Drugs were purchased from a pharmacy store (Health 
Seal Pharmacy) in Lokoja Local Government Area, Kogi State. 
All other chemicals used were of analytical grade and obtained 
commercially.

Preparation of Methanol Leaves Extract of Ziziphous 
mucronata

The leaves of the plant were pulverized to coarse powder in an 
electric hammer mill. The plant powdered material was extracted 
with methanol by cold maceration with occasional shaking for 72h. 
The mixture was filtered using Whatmann filter paper (No 1) to 
obtain the filtrate. The filtrate was concentrated and evaporated to 
dryness on a hot water bath at 45OC to obtain the methanol extract. 
Henceforth, the extract would be referred to as MEZM (methanol 
extract of Ziziphous mucronata leaves).

Phytochemical Screening

The phytochemical composition of the extract was determined 
using the method of Sofowara [12].

Acute Toxicity Study

The oral median lethal dose (LD50) of the extract was 
determined in rats according to the method described by Lorke 
[13]. The study was carried out in two phases. In the first phase, 
nine rats were randomized into three groups of three rats which 
were given MEZM at doses of 10, 100, and 1000mg/kg body weight. 
The rats were kept under the same conditions and observed for 
signs of toxicity which included but were not limited to paw- licking, 
stretching, respiratory distress and mortality for 24 h. Based on 
the results of the initial phase, the following MEZM doses- 1600, 
2900 and 5000mg/kg body weight were administered to another 
set of three groups of three rats in the second phase. These rats 
were also monitored closely for 24 h after treatment for signs of 
toxicity and/or mortality. The results obtained in the second phase 
were used to calculate the LD50. The LD50 was calculated as the 
geometric means of the maximum dose producing 0 % mortality 
(D0) and the minimum dose that produced 100 % mortality (D100) 
and mathematically expressed as:

LD50 = √ (D0× D100)

Induction of Obesity

Obesity was induced in rats in groups 2 - 6 with high fat diet 
(HFD) (comprising of fat (46%), carbohydrates (24%), proteins 
(20.3%), fibre (5%), salt mixture (3.5%), and vitamin mixture 
(1%). Obesity was confirmed in the animals after five weeks by the 
measurement of the anthropometrical parameters. Animals with 
abdominal circumference of 20 cm, thoracic circumference of 17cm 
and a body mass index (BMI) of about 0.68 g/cm2, were selected as 
described by [14].

Experimental Protocol 

A total of 72 adult albino rats was used for the experiment and 
were kept in rat cages with lid and bottom. The animals were divided 
into six groups (I - VI) of 12 animals each with three replicates 
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comprising of four rats each. Group I (normal control) received 
normal growers mash diet and distilled water, group II (obese, 
negative control) received high fat diet and distilled water, group III 
(positive control) received high fat diet, distilled water and 60 mg/
kg of body weight of orlistat, while groups IV, V and VI received high 
fat diet, distilled water and graded doses of 200, 400 and 800 mg/
kg respectively of MEZM. All treatments were administered using 
plastic syringes attached to metal oropharyngeal cannula. The rats 
were differentially marked for easy identification. The animals were 
fed once daily while their water was changed anytime in the day 
when the need arose. Blood samples were collected from randomly 
sampled rats at each group on days 0, 7, 14, 21 and 28 following the 
method described by [15].

Determination of Morpometric Variables 

The abdominal circumference (AC) (immediately anterior to 
the forelimb) was measured using a tape rule in all rats at weekly 
intervals [14]. Thoracic circumference (TC) (immediately behind 
the fore limb) was measured weekly intervals [14]. The body weight 
(g) was measured before the start of treatments and on sample 
collection days using Metler sensitive weighing balance. The rats 
were anaesthetized prior to all measurement by administering 0.1 
ml 1% sodium barbiturate intraperitoneally. The body weight and 
body length were measured and used to determine the body mass 
index (BMI) of animals using:

Body mass index (BMI) = Body weight (Kg)/ Length (cm) [14].

Estimation of Serum Lipid Profile 

On the 28th day of the experiment, all the rats were euthanized 
by chloroform inhalation and blood samples were collected by 
cardiac puncture. The blood was collected into plain serum tubes, 
allowed to clot and centrifuged for 10 minutes at 3500 rpm. Total 
cholesterol (TC), triacylglycerol (TAG) and high-density lipoprotein 
(HDL) concentrations will be determined according to the method 
of [16] while low density lipoprotein (LDL) levels will be calculated 
using Fried Wald equation [17].

Statistical Analysis
All data were expressed as Mean± SD and statistical differences 

between means were determined by one- way ANOVA followed by 
Duncan post-hoc test for multiple comparison tests using SPSS. 
Values were considered significant at p≤0.05.

Results
Phytochemical Screening

The Preliminary phytochemical analysis of the extract revealed 
the presence of tannins, alkaloid, saponins, steroid, flavonoids, 
phenols and terpenoids in varying quantities. (Table 1).

Acute Toxicity Study

Table 1: Qualitative and Quantitative phytochemical composition of the methanol extract of Ziziphous mucronata leaves (MEZM).

Phytochemicals  Relative Presence Quantity (mg/100mg)

Tannins +++ 5.11±0.0013

Alkaloids +++ 3.09±0.0024

Terpenoids + 0.68±0.0014

Flavonoids +++ 4.59±0.0022

Saponins + 0.99±0.0011

Steroids ++ 1.18±0.0024

Phenols +++ 8.28±0.0038

Key: + slightly detected, ++ moderately detected, +++ highly detected, ND- Not detected

In both the first and second phases of the experiment, the 
methanol extract of Ziziphous mucronata leaves did not show any 
sign of toxicity or mortality during the monitoring period at the 
doses administered orally (Table 2). Hence the oral median lethal 
dose (LD50) of the extract was therefore estimated to be greater 
than 5000 mg/kg. (Table 2).

Effect of the methanol extract of Ziziphous mucronata 
leaves (MEZM) on the thoracic circumference (TC) of 
obese Rats

The effects of MEZM on the abdominal circumference of obese 
rats are presented in (Table 3). The AC of the negative control and 
treated groups were significantly higher (P < 0.05) than the AC of 
normal control in weeks 0, 1, 2, 3 and 4. At weeks 0 and 1, there 

was no significant (P> 0.05) difference between the AC of the 
treated groups compared to negative and positive controls. At week 
2, only MEZM at 400 mg/kg significantly decreased (P < 0.05) AC 
compared with the negative control. However, at weeks 3 and 4, a 
dose-dependent significant (P < 0.05) decrease in AC of rats was 
observed compared to the negative control with the 800 mg/kg 
MEZM producing effects that are comparable to that of the positive 
control (Table 3).

Effect of the methanol extract of Ziziphous mucronata 
leaves (MEZM) on the thoracic circumference (TC) of 
obese Rats

The effects of the various doses of MEZM on the thoracic 
circumference (TC) of obese rats are presented in (Table 4). The 
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AC of the negative control and treated groups were significantly 
higher (P < 0.05) than the TC of normal control in weeks 0, 1, 2, 
3 and 4 just like as observed with TC. At weeks 0, only MEZM at 
800 mg/dg produced a significant (P< 0.05) difference in TC among 
the treated groups compared to negative control. At weeks 1 and 
2, MEZM at 200, 400 and 800mg/kg in a dose- dependent manner 
significantly decreased (P < 0.05) TC compared with the negative 

control with no significant (P > 0.05) difference between the effects 
of MEZM at 800 mg/kg compared to positive control. At weeks 3 
and 4, a dose-dependent significant (P < 0.05) decrease in TC of 
rats was observed compared to the negative control. There was no 
significant (P > 0.05) difference between the effects of MEZM at 
200, 400 and 800 mg/kg compared to positive control. (Table 4).

Table 2: Acute toxicity study of the methanol extract of Ziziphous mucronata leaves (MEZM).

Group Treatment (mg/kg)  D/T

PHASE I

1 10 0/3

2 100 0/3

3 1000 0/3

PHASE II

1 1600 0/3

2 2900 0/3

3 5000 0/3

D/T: Number of deaths/ number of rats treated.

Table 3: Effect of the methanol extract of Ziziphous mucronata leaves (MEZM) on the abdominal circumference (AC) (cm) of obese Rats.

Treatment  Week 0 Week 1 Week 2 Week 3 Week 4 

Normal control 9.82±0.21aA 9.67±0.32aA 9.81±0.44aA 9.70±0.35aA 9.82±0.39aA

Negative control 23.62±0.78bA 22.29±0.25bA 23.22±0.15dA 22.33±0.72dA 22.20±0.63dA

Positive control 23.48±0.61bD 22.11±0.31bC 20.25±0.211cB 16.26±0.35bA 13.51±0.42bA

MEZM (200mg/kg) 23.56±0.45bC 22.37±0.36bC 21.12±0.26cB 19.41±0.34cA 18.23±0.39cA

MEZM (400mg/kg) 23.48±0.88bD 22.56±0.29bD 20.36±0.10cC 18.62±0.11cB 15.54±0.11bA

MEZM (800mg/kg) 23.52±0.87bD 23.40±0.40bD 19.51±0.42bC 16.56±0.14bB 13.628±0.38bA

Data is represented as mean ± S.D. Mean values having different lowercase letters down the columns and uppercase letters across the row as su-
perscripts are considered significant (p< 0.05).

Table 4: Effect of the methanol extract of Ziziphous mucronata leaves (MEZM) on the thoracic circumference (TC) (cm) of obese rats.

Treatment  Week 0 Week 1 Week 2 Week 3 Week 4 

Normal control 10.22±0.21aA 10.15±0.15aA 10.23±0.41aA 10.32±0.27aA 10.80±0.57aA

Negative control 19.48±0.11cA 21.29±0.29dB 21.29±0.39dB 21.51±0.31cB 21.59±0.61cB

Positive control 17.34±0.42bC 15.21±0.23bB 15.32±0.38bB 14.29±0.28bB 13.43±0.52bA

MEZM (200mg/kg) 19.21±0.32cD 18.08±0.41cC 16.28±0.32cB 15.31±0.36bB 14.59±0.39bA

MEZM (400mg/kg) 18.43±0.28cC 17.89±0.37cC 16.37±0.44cB 15.27±0.25bB 14.68±0.45bA

MEZM (800mg/kg) 17.28±0.35bC 17.92±0.23bC 15.44±0.32bB 14.32±0.39bB 13.52±0.56bA

Data is represented as mean ± S.D. Mean values having different lowercase letters down the columns and uppercase letters across the row as su-
perscripts are considered significant (p< 0.05).
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Effect of the methanol extract of Ziziphous mucronata 
leaves (MEZM) on the body weights (BW) of Obese Rats

Table 5 shows the effects of the various doses of MEZM on the 
body weights (BW) of obese rats. Like AC and TC, the BW of the 
negative control and treated groups were significantly higher (P < 
0.05) than the BW of normal control in weeks 0, 1, 2, 3 and 4. At 

weeks 0, 1, 2 and 3, only MEZM at 800 mg/dg produced a significant 
(P< 0.05) decrease in BW compared to negative and positive 
controls. At week 4, MEZM at 800mg/kg significantly decreased 
(P < 0.05) BW compared with the negative control but with no 
significant (P > 0.05) difference when compared to positive control. 
(Table 5).

Table 5: Effect of the methanol extract of Ziziphous mucronata leaves (MEZM) on the body weights (BW) (g) of Obese Rats.

Treatment  Week 0 Week 1 Week 2 Week 3 Week 4 

Normal control 159.34±0.34aA 161.32±.021aA 165.56±2.13aA 167.08±0.45aA 170.78±0.45aA

Negative control 410.62±0.45cA 415.53±0.44dA 420.76±0.19dA 423.44±0.76dA 431.53±0.61dA

Positive control 380.51±0.74cC 370.58±0.56cC 359.34±0.65cB 343.34±0.41cB 300.87±0.47bA

MEZM (200mg/kg) 392.64±0.43cB 387.47±0.65cB 380.81±0.14cB 378.67±0.52cB 363.54±0.68cA

MEZM (400mg/kg) 385.33±0.33cC 381.39±0.27cC 379.34±0.64cC 350.81±0.36cB 339.63±0.11cA

MEZM (800mg/kg) 321.27±0.51bC 315.37±0.45bC 298.67±0.45bB 280.35±0.71bA 285.67±0.31bA

Data is represented as mean ± S.D. Mean values having different lowercase letters down the columns and uppercase letters across the row as su-
perscripts are considered significant (p< 0.05).

Effect of the methanol extract of Ziziphous mucronata 
leaves (MEZM) on the body mass index (BMI) of Obese 
Rats

Table 6 shows the effects of the graded doses of MEZM on the 
BMI of obese rats. The BMI of the negative control and treated 
groups (except 800 mg/ kg MEZM at week 4) were significantly 
higher (P < 0.05) than the BMI of normal control in weeks 0, 1, 
2, 3 and 4. At weeks 0 and 1, only MEZM at 400 and 800 mg/dg 
produced a significant (P< 0.05) decrease in BMI among the treated 
groups compared to negative control. At weeks 2 and 3, MEZM at 
200, 400 and 800mg/kg in a dose- dependent manner significantly 
decreased (P < 0.05) BMI compared with the negative control with 
no significant (P > 0.05) difference between the effects of MEZM 
at 400 and 800 mg/kg compared to positive control. At week 4, 
a dose-dependent significant (P < 0.05) decrease in BMI of rats 

was observed compared to the negative control. There was no 
significant (P > 0.05) difference between the effects of MEZM at 800 
mg/kg compared to normal and positive controls. (Table 6).

Effect of the methanol extract of Ziziphous mucronata 
leaves (MEZM) on the serum lipid profile of Obese Rats

The effects of MEZM on the serum lipid profile of obese rats 
are presented in Table 7. The mean concentrations of the total 
cholesterol (Tchol), triacylglyceride (TAG), high density lipoprotein 
(HDL) and low-density lipoprotein (LDL) of the negative control 
and treated were significantly higher (P < 0.05) than those of 
the normal control. MEZM dose-dependently and significantly 
decreased (P < 0.05) serum concentrations of Tchol., TAG and 
LDL with a corresponding increase in HDL compared to negative 
control. (Table 7).

Table 6: Effect of the methanol extract of Ziziphous mucronata leaves (MEZM) on the Body Mass Index (BMI) (g/cm2) of Obese Rats.

Treatment  Week 0 Week 1 Week 2 Week 3 Week 4 

Normal control 0.71±3.77aA 0.75±4.27aA 0.70.3±2.99aA 0.78±2.16aA 0.70±3.86aA

Negative control 1.62±25.1dA 1.68±20.95dA 1.59±16.31dA 1.51±11.90dA 1.60±12.6dA

Positive control 1.25±25.6bC 1.23±21.74bC 1.25±21.55bC 1.12±20.24bB 0.79±15.21aA

MEZM (200mg/kg) 1.55±2.63dC 1.51±3.16dC 1.45±2.36cB 1.44±1.50dB 1.38±3.00cA

MEZM (400mg/kg) 1.42±1.71cC 1.39±2.38cB 1.30±2.50bB 1.29±0.96cB 1.25±3.09bA

MEZM (800mg/kg) 1.40±5.56cD 1.38±2.94cD 1.24±4.03bC 1.10±3.86bB 0.75±2.08aA

Data is represented as mean ± S.D. Mean values having different lowercase letters down the columns and uppercase letters across the row as su-
perscripts are considered significant (p< 0.05). 
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Table 7: Effect of the methanol extract of Ziziphous mucronata leaves (MEZM) on the serum lipid profile of Obese Rats.

Treatment TCHOL TAG HDL LDL

Normal control 83.22±4.28a 72.05±3.56a 40.39±3.28c 28.42±2.11a

Negative control 183.14±15.23e 140.45±10.41c 16.25±2.49a 138.88±18.26e

Positive control 120.37±12.16c 90.08±09.27b 30.26±2.55b 72.09±05.26c

MEZM (200mg/kg) 138.39±12.31d 88.27±8.25b 25.44±5.21b 95.30±9.22d

MEZM (400mg/kg) 117.13±11.23c 86.27±5.34b 35.31±2.53c 64.70±5.81c

MEZM (800mg/kg) 101.28±9.28b 75.37±3.14a 35.23±4.16c 50.97±2.12b

Data is represented as mean ± S.D. Mean values having different lowercase letters down the columns as superscripts are considered significant (p< 
0.05).

Discussion
Many herbal extracts have been reported for their anti-obesity 

activities and are being used for the treatment of obesity. This 
study investigated the phytochemical composition and anti-obesity 
potentials of the methanol extract of Ziziphous mucronata leaves 
in Wistar rats. The phytochemical analysis of the extract revealed 
the presence of tannins, alkaloids, saponins, terpenoids, steroids, 
and flavonoids in varying proportions (Table 1). These secondary 
metabolites have been reported to be bioactive anti-obesity agents 
[12]. The acute toxicity study of the extract (10-5000 mg/kg) 
produced no significant physical signs of toxicity such as writhing, 
weakness, anorexia, gasping, and palpitation, reduction in body 
weight, decreased respiratory rate or death within 24 hours and 2 
weeks of administration for phase 1 and 2 of the study respectively 
(Table 2). Hence the oral median lethal dose (LD50) of the extract 
was therefore estimated to be greater than 5000mg/kg. The result 
of this study is shows that MEZM is relatively safe for human 
consumption.

Abdominal and thoracic circumferences were used as markers 
of obesity in this study (Tables 3 & 4). The extract dose- dependently 
reduced the increased abdominal and thoracic circumferences 
observed among the high fat diet fed rats. However, past researchers 
suggested that AC and TC are not good enough to serve as markers 
of obesity in rats14. We therefore report that the TC/AC increase 
could be as a result of fat deposited due to variation between the 
energy intake and energy expenditure in the obese rats. 800 mg/kg 
treatment of MEZM was most effective in reducing the body weight 
and body mass index of the obese rats (Tables 5 & 6). This result 
is in consonant with [14,18] who concluded after researching on 
“Anthropometrical Parameters and Markers of Obesity in Rats” that 
body mass index showed the effectiveness of serving as a threshold 
in dictating an abnormal increase in body weight/ obesity in rats. 
In view of the above findings, we therefore report that the methanol 
extract of Ziziphous mucronata leaves proved to possess the 
potential of reversing obesity.

Cardiovascular disease (CVD) is a major complication of obesity 
and cause of death in the world mainly due to atherosclerosis 
(hardening of arteries). Abnormal lipids are risk factors for CVD. 
Studies have illustrated the beneficial effects of saponins on blood 

cholesterol levels. Saponins cause a depletion of body cholesterol 
by preventing its reabsorption, thus increasing its excretion, 
in a similar way as other cholesterol-lowering drugs, such as 
cholestyramine. Therefore, the significant decrease in serum 
cholesterol produced by the extract might be due to its high saponins 
content. Although the role of high triglycerides as an independent 
factor in the development of CVD remains controversial, data from 
several respective studies suggest that triglycerides are probably 
an important risk factor. Serum triglyceride in this study was 
significantly reduced following treatment with the extract. This 
further highlights the beneficial effect of the extract in dyslipidaemia. 
The extract also significantly decreased LDL levels and this may 
be due to the significant increase in HDL concentration as HDL is 
reported to enhance the excretion of cholesterol from the body and 
thus reducing its concentration [19].

Conclusion
This study revealed that Ziziphous mucronata extract 

possesses anti-obesity activity and could also play a significant 
role in the management of obesity-related complications such as 
cardiovascular diseases.
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