
	
Page		|	01

	

A R T I C L E    I N F O A B S T R A C T 

 

 

The

Nigerian

PHARMACY
Journal

of

AS MEN OF HONOUR
WE JOIN HANDS THE OFFICIAL ORGAN OF THE PHARMACEUTICAL SOCIETY OF NIGERIA   FOUNDED 1927

ISSN: 0331 - 670X

 https://doi.org/10.51412/psnnjp.2024.01

Article history: 

Received  28 September 2023 

Revised  09 November 2023 

Accepted  29 December 2023 

Online 30 April 2024 

Published   

Keywords:

Weight Reduction, 

Lipid Metabolism, 

High-fat Diet, 

Solanum Macrocarpon, 

Abelmoschus Esculentus

 

*Corresponding Author:
mibrahim@unilag.edu.ng
https://orcid.org/0000-0001-5900-7950
+2348033246915

 

Solanum macrocarpon (African eggplant) and 
Abelmoschus esculentus (Okra) fruits prevent 
weight gain and improve lipid profile in high-fat 
diet-fed Wistar rats.

Background: Natural products or functional supplements from edible plants have served as an 

attractive strategy for weight loss. Solanum macrocarpon L. (Solanaceae) and Abelmoschus 

esculentus (L.) Moench have been used in indigenous medicine for weight reduction and to treat 

several diseased conditions. This study evaluates the potential of S. macrocarpon and A. esculentus in 

weight reduction and lipid metabolism as well as revealing their phytochemical profile.  

Methods: Thirty-six rats were randomly divided into six groups of six rats each. Group 1 rats were fed 

with a 100% standard rodent diet (StD) throughout the experimental period. Rats in groups 2 to 6 were 

fed with a high-fat diet (HF-StD) for 4 weeks to induce obesity. Following obesity induction, the HF-

StD was removed and obese rats in group 2 were given StD; groups 3 and 4 rats were fed with StD 

supplemented with 10% and 20% S. macrocarpon (SM) and groups 5 and 6 rats were fed with StD 

supplemented with 10% and 20% A. esculentus (AE) for a period of 8 weeks. Food uptake by the rats 

and their body and liver weights were monitored. Blood samples of rats were collected for serum lipid 

profile analysis. Gas chromatography/mass spectroscopy (GC/MS) was employed for phytochemical 

profiling of the plant samples.

Results: The supplementation of diet with S. macrocarpon and A. esculentus affected food intake, 

prevented body and liver weight gain and lowered plasma total cholesterol (TCHO), low-density 

lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c) and triglycerides (TG) 

levels of the rats. Phenolic acid derivatives and long-chain fatty acids were detected in the plant 

samples.

Conclusion: S. macrocarpon and A. esculentus show potential for body weight reduction and 

regulation of lipid metabolism and warrant further research. 
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1.     Introduction

The buildup of a large amount of fat in the human body has 

been linked to various health risks such as hypertension, 

osteoarthritis, diabetes mellitus, fatty liver disease, cancer, 

and obesity. The World Health Organization (WHO) 

characterizes obesity and overweight as abnormal or 

excessive fat accumulation that arises from an energy 

imbalance between calorie intake and calorie expenditure, 

leading to increased lipid concentration in the blood and 

1,2enlarged fat mass . Body mass index (BMI) defined as an 

individual's weight in kilograms divided by the square of 
2the individual's height in meters (Kg/m ) is a simple index 

of weight for height commonly used to classify overweight 
3and obesity in adults . 

The estimates for global levels of overweight and obesity 

(BMI ≥ 25 kg/m2), referred to as high BMI suggest that 

over 4 billion people may be affected by 2035, compared to 
4over 2.6 billion in 2020 . The prevalence of obesity 

1* 2 3 1Mutiat B. Ibrahim , Ridwan A. Lawal , Andrea O. Akinjo , Ifreke M. Luke
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worldwide nearly tripled between 1975 and 2016. In 2016, 

more than 1.9 billion adults aged 18 years and older were 

overweight of which over 650 million adults were obese. In 

2019, an estimated 38.2 million children under the age of 5 

years were overweight or obese. Once considered a high-

income country problem, overweight and obesity are on the 

increase in low- and middle-income countries, particularly 
5in urban settings . 

The increase in the prevalence of obesity necessitates an 

increased need for therapeutic and preventive strategies. It 

is evident that the development of obesity is caused by a 
6,7disorder of lipid metabolism and glucose homeostasis . 

Thus, the regulation of these two factors could be an 
8,9important approach to controlling obesity . 

Natural products or functional supplements from edible 

plants have served as an attractive strategy for weight loss. 

Most herbal products and their derivatives are often 

obtained from crude plant extracts, which comprise a 

complex mixture of different plant secondary metabolites 

including phenols commonly found in plant fruits and 

vegetables. Many epidemiological studies have reported 

that the consumption of plant food with high phenolic 

content is associated with reduced incidence of chronic 
10,11pathologies including obesity . Gas-chromatography-

mass spectrometry (GC-MS) method used for the 

phytochemical analysis of plant extracts can be an 

interesting tool for testing the amount of some active 

principles in herbs used in the pharmaceutical or food 
12industry .

Solanum macrocarpon L. (Solanaceae) locally known by 

the Yoruba people of Southwest Nigeria as Igba is a tropical 

perennial plant that is closely related to the eggplant, 

Solanum melongeta L. (Solanaceae). Commonly known as 

African eggplant or gboma eggplant, S. macrocarpon 

originated from West Africa and is widely distributed in 
13Central and East Africa . The plant is cultivated for its 

edible fruit and leaves which are sold in local markets as a 

food of medicinal importance. In Nigeria, the fruit is used as 
14,15a laxative, and as a means to treat cardiac diseases .  S. 

macrocarpon has been used in indigenous medicine for 

weight reduction and for the treatment of several diseases 

such as asthma, allergic rhinitis, nasal catarrh, rheumatic 
15,16disease, and swollen joint pains among others . Previous 

pharmacological research has reported the effect of S. 

macrocarpon fruit on weight gain, blood glucose and liver 
17glycogen in Wistar rats . However, there is no report on the 

weight reduction effect of this plant in high-fat-induced 

rats.

Abelmoschus esculentus (L.) Moench is a fruit popularly 

known as okra or lady's finger and belongs to the Malvaceae 

family. The plant is cultivated in tropical, subtropical, and 

warm temperate climates in various countries and serves as 

a potential functional food hence it is commonly used in 

cooking. It is used in traditional medicine in the treatment 

of irritation of the stomach, intestines and kidneys and to 

treat worm infestations, dysentery, inflammation and 
18,19weight reduction . The antioxidant, anti-inflammatory, 

immunomodu la to ry,  an t i cance r,  an t id i abe t i c , 

neuropharmacological and lipid-lowering activities of A. 
20,21esculentus have been reported .  In this study, the weight 

reduction and lipid metabolism potential of S. macrocarpon 

and A. esculentus fruits in high-fat diet-fed rats as well as 

phytochemical analysis of the plants are being evaluated.

2.     Materials and Methods

2.1   Plant Collection and Preparation

Fresh fruit samples of Solanum macrocarpon L. and 

Abelmoschus esculentus were obtained from a local market 

in Mile 12, Lagos in February 2022. The plants were 

identified and authenticated by Dr George I. Nodza at the 

herbarium of the Department of Botany, Faculty of Science, 

the University of Lagos where voucher specimen numbers 

LUH 9108 and LUH 9109 were obtained for S. 

macrocarpon and A. esculentus respectively. The fruits 

were selected and washed thoroughly under running tap 

water to remove dirt and unwanted particles. The stalks of 

the fruit were removed and the fleshy fruits were cut into 

small pieces, and air dried for a day followed by drying in a 

hot air oven at 40℃. The dried plant samples were 

pulverised in a mechanical grinder and the powdered dried 

fruit samples of S. macrocarpon and A. esculentus were 

maintained at room temperature till further use for in vivo 

study. About 100 g of the powdered plant samples were 

macerated separately in about 250 mL of absolute ethanol 

for 72 h at room temperature. The extracts were filtered 

through Whatman filter paper and evaporated to dryness in 

a water bath at 40 ℃. The dried ethanolic plant extracts 

were stored at room temperature until further use for 

phytochemical analysis. 

2.2   Experimental diets

Four diets were used in this study. A standard rodent diet 

(Livestock Feeds PLC, Ibadan, Oyo State) for 

experimentation was considered the standard rodent diet 

	
Page		|	02

	
THE   NIGERIAN   JOURNAL   OF   PHARMACY   |   VOL. 58,  ISSUE (1)   2024



(StD). Another diet was a high-fat diet (HF-StD) to induce 

obesity, which was prepared by frying StD (50%) with 

commercial pork lard (50%) for 20 mins. To avoid 

autooxidation of the fat components, the HF-StD was 

freshly prepared each day. The other two diets consisted of 
wStD supplemented with different levels (10% /  and 20% w

w/ ) of dried S. macrocarpon and A. esculentus fruits w

samples and these diets were considered as treatment diets 

for obesity. 

2.3   Experimental Animals

Male and female Wistar rats weighing 150 - 175 g were 

obtained from the Laboratory Animal Centre of the College 

of Medicine, University of Lagos, Idi-Araba, Lagos, 

Nigeria. The animals were placed in cages and kept for a 

minimum of 7 days to allow for acclimatization to the 

laboratory conditions. The animal room was ventilated with 

12-h periods of light and dark conditions at a temperature of 

23℃ ± 2℃ and animals were fed orally with StD and water 

ad libitum. The animal cage bedding and feeding water 

bottles were cleaned on a daily basis.

The research protocols used in this experiment were in 

accordance with the provisions of the United States 

National Academy of Sciences Guide for the Care and Use 
22of Laboratory Animals  and an approved protocol by the 

Health Research Ethics Committee of the College of 

M e d i c i n e ,  U n i v e r s i t y  o f  L a g o s ,  N i g e r i a 

(CMUL/ACUREC/03/23/1149) 

2.4   Experimental design 

Group 1: Healthy control. Six rats were fed orally in groups 

with 100% StD and water ad libitum throughout the whole 

experiment (StD-control).

Group 2 – 6:  Thirty rats were fed orally in groups of six rats 

per group with HF-StD for 4 weeks to induce obesity. The 

rats were weighed after 4 weeks of consumption of HF-StD 

to ascertain the induction of obesity. After 4 weeks of 

obesity induction, the HF-StD was removed and obese rats 

were fed orally with StD and StD-supplemented diets for 8 

weeks.

Group 2: obese rats fed orally with 100% StD (Ob-StD-

control)

Group 3: Obese rats fed orally with 90 g StD supplemented 
wwith 10 g dried fruit sample of S. macrocarpon (Ob-10% /  w

SM/ StD) 

Group 4: Obese rats fed orally with 80 g StD supplemented 
wwith 20 g dried fruit sample of S. macrocarpon (Ob-20% /  w

SM /StD)

Group 5: Obese rats fed orally with 90 g StD supplemented 
wwith 10 g dried fruit sample of A. esculentus (Ob-10% /  w

AE/ StD)

Group 6: Obese rats fed orally with 80 g StD supplemented 
wwith 20 g dried fruit sample of A. esculentus (Ob-20% /  w

AE/ StD)

The dietary intervention lasted 8 weeks with oral 

administration of the diets and water ad libitum. During the 

8-week treatment period, the food intake of the rats was 

measured daily and their body weights were monitored 

every week. After 8 weeks of consumption of the 

experimental diets, all animals were fasted of feed but left 

with drinking water ad libitum for 12 h and were sacrificed 

by decapitation under inhaled diethyl ether anaesthesia to 
23obtain blood and hepatic tissue . Blood samples from rats 

were collected by retro-orbital puncture using capillary 

tubes into non-heparinised centrifuge tubes for the 

biochemical study. A deep longitudinal incision was made 

into the ventral surface of the abdomen and thorax of the 

sacrificed rats and by blunt dissection of the muscles and 

fasciae, the liver was exposed and harvested. 

2.5   Measurement of food intake, body and liver 

weights

The daily consumption of diet by the rats for the 8-week 

treatment period was recorded by taking the difference 

between the amount of feed given and the amount of left-

over feed. The rats were weighed individually weekly 

throughout the experimental period and the % weight 

change for each animal at the end of the study was 

calculated as % Weight change = (Difference between 

interval body weight and initial body weight ÷ initial body 

weight) × 100. The harvested liver weight was standardized 

for 100 g body weight of individual rats.

2.6   Measurement of serum biochemical parameters

The serum biochemical profiles including total cholesterol 

(TCHO), high-density lipoprotein cholesterol (HDL-c), 

low-density lipoprotein cholesterol (LDL-c), triglyceride 

(TG), total bilirubin (TBIL) total protein (TP), and the 

enzyme activity of albumin (ALB) as well as the 

concentration of electrolytes blood urea nitrogen (BUN) 

and creatinine (Cr), were determined in the serum samples 

of rats using enzymatic kits (Randox Laboratories Limited, 

Crumlin, County Antrim, BT29 4QY, UK) performed 

according to manufacturer's instruction and on XL-640 
®fully automatic clinical chemistry analyzer (ERBA  

Mannheim, Czech Republic).  
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2.7   Histological analysis of liver tissue

The harvested liver tissues were weighed and fixed in a 10% 

buffered formalin solution to observe for possible 

histopathology changes. After fixation, the tissues were 

exposed to routine processing, embedded in paraffin and 
24sectioned at about 3 µm .  The hepatic morphology was 

assessed by a pathologist from the tissue sections stained 

with hematoxylin and eosin stain using Leica DM 500 

microscope attached to a camera Leica ICC50 HD (Leica 

Microsystems Ltd., Switzerland) and photographed at a 

final magnification of 100x.

2.8   Identification of bioactive constituents by GC/MS

The phytochemical evaluation of the ethanolic plant 

extracts was performed on Gas Chromatography/ Mass 

spectrometry (GC/MS) equipment using Agilent 7820A gas 

chromatograph coupled to an Agilent 5975C inert mass 

spectrometer with triple axis detector operated in an 

electron impact mode with ionization energy of 70 eV. The 

separation of compounds was on the stationary phase HP-5 

capillary column coated with 5% phenyl methyl siloxane 

(30 m length x 0.32 mm diameter x 0.25 µm film thickness). 

Pure helium gas was used as the carrier gas at a constant 

flow rate of 1.487 mL/min with an initial nominal pressure 

of 1.490 psi and an average velocity of 44.22 cm/sec. 1 µL 

of the samples were injected in splitless mode at an 

injection temperature of 300 ℃. The column oven 

temperature started at 40 ℃ for 1 min then raised to 300 ℃ 

at the rate of 12 ℃/min and held for 10 min. The total 

elution time was 32.67 min with a 5 min solvent delay. 

Identification of phytochemicals present in the test samples 

was based on comparisons of their relative retention time 

(min) and mass spectra with a spectral database of known 

compounds obtained from the National Institute of 
25Standards and Technology (NIST) library . 

2.9   Statistical analysis

Data are expressed as the mean of six replicates ± standard 

error of mean (SEM). Statistical significance at values of p 

< 0.05 among the experimental groups was analyzed with 

IBM SPSS Statistic version 29.0.1.0 (171) software using a 

one-way analysis of variance (ANOVA) followed by Tukey 

post hoc multiple comparisons.

3.     Results 

3.1  Effect of the plant-supplemented feed on the rats' 

body and organ weights and food intake 

Tables 1 and 2 show the body weights of the experimental 

animals pre- and post-treatment with standard feed (StD) 

supplemented with dried fruit samples of S. macrocarpon 

and A. esculentus. Prior to supplementation of feed with 

plant samples, a significant (p < 0.05, 0.01, 0.001) increase 

in average body weights (201.0 – 217.33 g) of rats in the 

HF-StD-fed groups was observed as compared to the rats in 

the StD-fed group (162.83 g). There was a percentage 

increase in body weights (21.59 % - 32.52%) of rats in the 

HF-StD-fed group with an increased total food intake by the 

rats (Figure 1). As shown in table 2, after the 8 weeks of 

treatment with standard feed (StD) supplemented with 

dried fruit samples of S. macrocarpon and A. esculentus, 

rats' body weight gain decreased (-19.19%) considerably in 
wobese rats given StD supplemented with 10% /  of S. w

wmacrocarpon (Ob-10% /  SM/ StD) compared to Ob-StD-w

control (obese rats given StD) group (-20.93%). Other 

treatment groups also showed a decrease in rats' body 

weight (-22.85% to -25.43%). A significant (p < 0.05, 0.01) 

decrease in total food intake by the rats was observed in 
 wobese rats given StD supplemented with 20% /  of S. w

wmacrocarpon (Ob-20% SM/ StD) and 20% /  A. esculentus w

(Ob-20% AE/ StD) during the post-treatment period 

compared to Ob-StD group (Figure 2). 

Table 3 showed an increased weight of the liver of rats in the 

Ob-StD-control group (3.10 ± 0.48 g) as compared to the 

StD-control group (2.76 ± 0.14 g). The liver weights of rats 

in the treatment groups were significantly (p < 0.05, 0.01) 

lowered with a range of 1.86 ± 0.11 to 2.58 ± 0.13 g as 

compared to the Ob-StD-control and StD-control groups. 

3.2  Effect of the plant-supplemented feed on rat's 

serum biochemical parameters

A significant increase (p < 0.05, 0.01, 0.001) in the levels of 

TCHO, LDL-c, and TG and a non-significant (p > 0.05) 

increase in the levels of HDL-c and TBIL was observed in 

the treatment groups compared to the Ob-StD-control 

group and the StD-control groups (Table 4). 

After treatment by supplementation of StD with S. 

macrocarpon and A. esculentus, the TCHO, LDL-c, HDL-c 

and TG levels were significantly (p < 0.05, 0.01, 0.001) 

decreased in the treatment groups (Table 4). The obese rats 
wgiven StD supplemented with 20% /w of S. macrocarpon 

and 10% A. esculentus exhibited significant (p < 0.05, 

0.001) lowered levels of TCHO (21.84 ± 2.55 and 25.17 ± 

2.12 mg/dL) as compared to the StD-control and Ob-StD-

control groups with TCHO levels of 36.93 ± 4.14 and 37.83 
w± 2.90 mg/dL respectively. The Ob-20% / SM/StD, Ob-w 
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 w  w10% /  AE/StD and Ob-20% /  AE/ StD groups showed a w w

significant (p < 0.01, 0.001) reduction of LDL-c levels to 

4.44 ± 0.53, 7.65 ± 0.81 and 8.40 ± 2.04 mg/dL as compared 

to 17.01 ± 2.12 and 18.37 ± 1.73 mg/dL observed in the 

StD-control and Ob-StD-control groups respectively. 

Treatment of obese rats given 20% S. macrocarpon, 10% A. 

esculentus and 20% A. esculentus supplemented diets 

significantly (p < 0.05, 0.01) lowered TG levels to 7.35 ± 

1.35, 5.34 ± 0.99 and 7.38 ± 1.64 g/dL compared to 12.51 

±1.82 and 15.66 ±2.95 mg/dL in the StD-control and Ob-
wStD-control groups respectively. Except for the Ob-10% /w 

SM/StD group which showed a significant (p < 0.01) 

increase (0.82 ± 0.03 mg/dL), all the treatment groups 

showed a significant (p < 0.01, 0.001) decreased in TBIL 

levels to 0.10 ± 0.01, 0.07 ± 0.02 and 0.10 ± 0.02 compared 

to 0.61 ± 0.05 and 0.75 ± 0.05 mg/dL in the StD-control and 

Ob-StD-control groups respectively. The levels of serum 

TP and ALB were non-significantly (p > 0.05) lowered in all 
 wthe treatment groups except for the Ob-20% /  SM/StD w

group which showed a significant (p < 0.05) decrease in TP 

level to 6.41 ± 0.24 g/L compared to 7.26 ± 0.31 and 7.58 ± 

0.16 g/L in the StD-control and Ob-StD-control groups 

respectively.

3.3 Effect of the plant-supplemented feed on 

histopathological assessment of rat's liver 

Mild/moderate periportal inflammation within the hepatic 
 lobule was observed in the liver tissue of rats in the Ob-10%

w  w/  AE/StD group. Rats in the Ob-10% /  SM/StD and Ob-w w

w20% / AE/StD treatment groups also showed mild w 

periportal lymphocytic infiltrate (Figure 3). There was no 

histopathological changes observed in the StD-control, Ob-
 wStD-control and Ob-20% /  SM/StD groups (Table 3).w

Obesity induction period: Body weight (g)  

Parameters  StD fed rats  

Group 1
 

HF-StD-fed  rats  

Group 2
 

Group 3
 

Group 4
 

Group 5 Group 6

Initial weight
 

135.17 ±1.14
 

164.0 ± 2.03
 

172.17 ± 1.10
 

169.67 ± 1.71
 

170.33 ± 1.99 162.0 ± 1.29

Induced obesity (4 

weeks)

 

162.83 ± 2.73
 

217.33 ± 4.73
 

212.83 ± 2.62**
 

201.0 ± 3.27*
 

211.17 ± 3.40** 205.0 ± 2.63*

Per cent weight 

changes (%)

 

17.45 ±7.12

 

32.52 ±13.44

 

23.62 ± 6.35

 

21.59 ± 8.82

 

23.97 ± 12.83 26.54 ± 6.02

 

Table 1: Effect of HFD-StD food on body weights of rats 

Weight values are expressed as mean ± SEM. ⃰  p < 0.05;  ⃰⃰⃰  ⃰  p < 0.01; significant body weights difference between the 

rats fed orally with HFD-StD and the rats orally fed with StD in control group 1  (One-way ANOVA followed by Tukey 

post hoc test)
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Table 2: Effect of S. macrocarpon and A. esculentus dried fruits ingestion on body weights of rats 

Drug treatment period: Body weight (g)  
Parameters

 
Group 1: 

StD - Control

 

Group 2: Obese -
 

StD - Control

 

Group 3: Obese-
 

  
10%w/w SM/ StD

 

Group 4: Obese - 

20%w/w

 
SM/

 
StD

 

Group 5: Obese - 

10%w/w AE/ StD

Group 6: Obese - 

20%w/w AE/ StD

Pre-treatment 

 
(4 weeks)

 

162.83 ± 2.73

 

217.33 ± 4.73

 

212.83 ± 2.62

 

201.0 ± 3.27

 

211.17 ± 3.40 205.0 ± 2.63

Post-treatment (8 

weeks)

 

208.17 ± 2.40

 

171.83 ± 2.18

 

175.20 ± 2.21**

 

154.67 ± 2.07***

 

157.33 ± 2.09*** 158.17 ± 2.09***

Per cent body 

weight changes (%)

27.84 ± 5.44 -20.93 ±15.67 -19.19 ± 6.41 -23.05 ± 12.31 -25.43 ± 11.40 -22.85± 5.83

Weight values are expressed as mean ± SEM.  ⃰⃰⃰  ⃰  p < 0.01; ⃰⃰  ⃰  ⃰  p < 0.001 significant body weights difference between 

the different treatment groups of obese rats given StD supplemented with dried fruit samples and the control groups (1 

and 2) of non-obese and obese rats given StD. (One-way ANOVA followed by Tukey post hoc test)

Table 3: Effect of S. macrocarpon and A. esculentus dried fruits ingestion on liver organ weights and histology of liver 

tissue of rats

Organ weight (g)  

Parameters

 
Group 1: StD-

Control

 

Group 2: Obese-StD-

 
Control

 

Group 3: Obese-10%
 

w/w

 

SM/StD

 

Group 4: Obese-20%
 

w/w

 

SM/StD

 

Group 5: Obese-

10% w/w AE/StD

Group 6: Obese-

20% w/w AE/StD

Liver weight

 

2.76 ± 0.14

 

3.10 ± 0.48

 

2.58 ± 0.13**

 

2.17 ± 0.17 ⃰

 

1.86 ± 0.11 ⃰ 2.05 ± 0.15 ⃰

Histology of liver 
tissue 

 

 

No histopathological
changes seen 

  

No histopathological
changes seen  

 

Mild periporta
lymphocytic
infiltrate and
venuous congestion
seen   

l 

 

No histopathological
changes seen  

 

Mild/moderate
periportal
inflammation  

Mild periportal
lymphocytic
infiltrate and
venuous congestion
seen    

Weight values are expressed as mean ± SEM. ⃰  p < 0.05;  ⃰⃰⃰  ⃰  p < 0.01 significant liver weights difference between the different treatment groups of 
obese rats given dried fruit samples and the control groups (1 and 2) of non-obese and obese rats given StD (One-way ANOVA followed by Tukey 
post hoc test)
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Figure 1:  Daily food intake of standard rodent diet (StD) and high-fat diet (HF-StD) by rats. 

 ⃰  p < 0.05 significant difference of feed consumed between the rats given HFD-StD and the rats given StD in control group 1 

(One-way ANOVA followed by Tukey post hoc test)
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Figure 2:  Daily food intake of standard rodent diet (StD) and StD supplemented with S. macrocarpon and A. esculentus 

fruits by rats.  ⃰  p < 0.05;  ⃰⃰⃰  ⃰  p < 0.01 significant difference of feed consumed between the different treatment groups of obese 

rats fed orally with StD supplemented with dried fruit samples and the control groups (1 and 2) of non-obese and obese rats 

fed orally with StD (One-way ANOVA followed by Tukey post hoc test).
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Table 4: Effect of S. macrocarpon and A. esculentus dried fruits ingestion on rats' serum lipid profile

Parameters  StD  Ob-StD w
 Ob -10% /w

SM / StD

  Ob-20%w/w
SM / StD

  Ob-10% w/w
AE / StD  

Ob-20%w/w
AE / StD

Total Cholesterol (mg/dL)

High-density lipoprotein 

(mg/dL)

 Low-density lipoprotein 

(mg/dL)  

Triglycerides (mg/dL)  

Total bilirubin (mg/dL) 

Total protein (g/L)

Albumin (g/L)

36.93 ± 4.14 37.83 ± 2.90 34.74 ± 2.75
 

21.84 ± 2.55***
 
25.17 ± 2.12* 25.68 ± 2.83

19.26 ± 2.23
 

 
 

21.42 ± 2.36  18.75 ± 1.68   14.07 ± 1.80     14.28 ± 1.52  13.95 ± 1.68

17.01 ± 2.12 18.37 ± 1.73 11.10 ± 1.06 4.44 ± 0.53*** 7.65 ± 0.81**  8.40 ± 2.04**

 
12.51 ±1.82  15.66 ±2.95   10.23 ± 1.56

  
7.35 ± 1.35*   5.34 ± 0.99**

 
7.38 ± 1.64*

 
0.61 ± 0.05  0.75 ± 0.05 0.82 ± 0.03**

  
0.10 ± 0.01*** 0.07 ± 0.02***

 
0.10 ± 0.02***

7.26 ± 0.31
  

7.58 ± 0.16   
 

6.98 ± 0.13
 

6.41 ± 0.24*   6.81 ± 0.18 7.05 ± 0.62

2.98 ± 0.17 3.03 ± 0.22 2.96 ± 0.06 2.81 ± 0.13 2.66 ± 0.18 2.76 ± 0.09

Values are expressed as mean ± SEM. ⃰  p < 0.05;  ⃰⃰⃰  ⃰  p < 0.01; ⃰⃰  ⃰⃰⃰  ⃰ p < 0.001 significant difference of lipid profile 

between the different treatment groups of obese rats given StD supplemented with dried fruit samples and the control 

groups (1 and 2) of non-obese and obese rats given StD (One-way ANOVA followed by Tukey post hoc test)
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wFigure 3: Photomicrographs of the liver of obese rats fed with A:10% /  S. macrocarpon showing mild periportal w

 wlymphocytic infiltrate; B:10% /  A. esculentus showing mild/moderate periportal inflammation within the hepatic lobule; w

 wC: 20% /  A. esculentus showing mild periportal lymphocytic infiltrate.w

3.4   Identified phytochemicals

A total of 16 natural compounds were identified from the GC/MS analysis of S. macrocarpon L. and A. esculentus plant 

extracts. Tables 5 and 6 show the compounds' molecular weights, molecular formula and retention time with substantial 

percentage compositions and quality match ranging from 80 to 99% for S. macrocarpon and A. esculentus plant extracts. 

The chromatograms are shown in Figures 4 and 5. Six (6) compounds with varying peak areas ranging from 0.5 to 29.63% 

were commonly identified in both plant samples which include benzoic acid, methyl ester; methyl tetradecanoate; 

hexadecanoic acid, methyl ester; 9,12- octadecadienoic acid, methyl ester; 9-octadecenoic acid (Z)-, methyl ester; and 

methyl stearate. Other identified compounds found only in S. macrocarpon with a peak area range of 0.23 to 1.14% are 2-

methoxy-4-vinyl phenol; dodecanoic acid, methyl ester; Cycloheptane, 4-methylene-1-methyl-2-(2-methyl-1-propen-1-

yl)-1-vinyl-; 2-naphthalenemethanol,1,2,3,4,4a,5,6.7-octahydro-alpha, alpha, 4a, 8- tetramethyl-; 1H-indene,1-

ethylideneoctahydro-7a-methyl-, (1E,3a.alpha.,7a.beta.)-; and 1H-cycloprop[e]azulene,1a,2,3,5,6,7,7a,7b-octahydro-

1,1,4,7-tetramethyl-,[1aR-(1a.alpha.,7. alpha., 7a.beta.,7b.alpha)]. Among the compounds identified in A. esculentus are 5-

Hydroxymethyfurfural (1.46%) and pyrrolidine-5-one, 2-[3-hydroxypropyl]- (1.93%). 

S/N  Name of compound  /  Molecular weight (g/mol)  / Molecular formula  RT  
(min)

 

Peak Area 
(%)

 

Structure of compound

1.

 
Benzoic acid, methyl ester

 
(136.16) C8H8O2

 
4.63

 
3.46

 
2.

 

2-Methoxy-4-vinylphenol 

 

(150.17)

 

C9H10O2

 

7.34

 

0.23

 3.

 

Dodecanoic acid, methyl ester (214.34) C13H26O2

 

9.57

 

0.38

 
4.

 

Cycloheptane, 4-methylene-1-methyl-2-(2-methyl-1-propen-1-yl)-1-vinyl-

 

(204.35)

 

C15H24

 

9.92

 

1.14

 

5.

 

2-Naphthalenemethanol,1,2,3,4,4a,5,6.7-Octahydro-

 

alpha,alpha, 4a, 8-

 

tetramethyl-

 

(222.37) C15H26O

 

10.76

 

0.56

 

6.

 

1H-Indene, 1-ethylideneoctahydro-7a-methyl-, (1E,3a.alpha.,7a.beta.)-

 

(164.29) 
C12H20

 

10.96

 

0.88

 

7.

 

Methyl tetradecanoate (242.40) C15H30O2

 

11.50

 

1.08

 

8.

 

1H-Cycloprop[e]azulene, 1a,2,3,5,6,7,7a,7b-octahydro-1,1,4,7-tetramethyl-, 
[1aR-(1a.alpha.,7.alpha.,7a.beta.,7b.alpha)] (204.35)

 

C15H24

 

12.44

 

1.03

 

9.

 

Hexadecanoic acid, methyl ester (270.5) C17H34O2

 

13.25

 

29.63

 

10.

 

Hexadecanoic acid, ethyl ester (284.5) C18H36O2

 

13.80

 

0.42

 

11.

 

9,12-

 

Octadecadienoic acid, methyl ester (294.5) C19H34O2

 

14.61

 

8.86

 

12. 9-Octadecenoic acid (Z)-, methyl ester (296.5) C19H36O2 14.66 24.35

13. Methyl stearate (298.5) C19H38O2 14.84 4.57

14. Eicosanoic acid, methyl ester (326.6) C21H42O2 16.46 0.44

Table 5: Identified bioactive compounds present in Solanum macrocarpon  
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Table 6: Identified bioactive compounds present in Abelmoschus esculentus

S/N

 
Name of compound

 
/

 
Molecular weight (g/mol)

 
/ Molecular formula

 
RT 
(min)

 

Peak Area 
(%)

 

Structure of compound

1.

 

Benzoic acid, methyl ester

 

(136.16) C8H8O2

 

4.64

 

6.21

 2.

 

5-Hydroxymethyfurfural

 

(126.11)

 

C6H6O3

 

6.27

 

1.46

 
3.

 

Pyrrolidine-5-one, 2-[3-hydroxypropyl]-

 

(143.18) C13H26O2

 

8.00

 

1.93

 

4.

 

Methyl tetradecanoate (242.40) C15H30O2

 

11.50

 

0.50

 

5.

 

Hexadecanoic acid, methyl ester (270.5) C17H34O2

 

13.25

 

18.47

 

6.

 

9,12-

 

Octadecadienoic acid, methyl ester (294.5) C19H34O2

 

14.61

 

5.32

 

7. 9-Octadecenoic acid (Z)-, methyl ester (296.5) C19H36O2 14.65 11.37

8. Methyl stearate (298.5) C19H38O2 14.84 3.93

Figure 4: GC/MS chromatogram of Solanum macrocarpon  
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Figure 5: GC/MS chromatogram of Abelmoschus esculentus 

4.     Discussion

Excessive intake of calories contributes to the development 

of obesity. Daily consumption of healthy food is considered 

important to prevent obesity and other obesity-induced 

health problems such as type 2 diabetes, cancer and 
26cardiovascular diseases among others . In this study, the 

preventive effect of S. macrocarpon (African eggplant) and 

A. esculentus (okra) on weight gain and appetite was 

evaluated with an in vivo obesity model represented by 

high-fat diet- (HF-StD) induced obese rats. Prior to 

supplementation of the animal standard feed with S. 

macrocarpon and A. esculentus plant samples, a percentage 

increase in body weights of rats in the HF-StD-fed group 

was observed as compared to the rats in the StD-control 

group. The percentage increase in body weights of rats 

observed in the HF-StD-fed groups that commensurate 

with increased total food intake indicates that the HF-StD-

induced obesity model was successfully established in the 

Wistar rats, which is in agreement with previous studies 
27,28,29.  After an 8-week post-treatment period with a 

standard diet supplemented with varying percentages of S. 

macrocarpon and A. esculentus plant samples, there was a 

reduction in rats' body and liver weights that coincides with 

decreased total food intake in all HF-StD-fed groups given 

standard feed and feed supplemented with the plant 

samples. The supplementation of diets with S. 

macrocarpon and A. esculentus plant samples affected food 

intake by rats, indicating the possibility of appetite 

suppression as an anti-obesity mechanism involved in the 

observed reduction of rat weights. Body weight increases 

with excessive intake of calories and when energy 
23,30consumption exceeds energy expenditure . Therefore, 

the observed reduction in rats' body weight gain in Ob-Std- 

supplemented with plant sample groups may be attributed 

to the consumption of S. macrocarpon and A. esculentus as 

no reduction in the body weights of rats in the StD-control 

group was evident.

It has been established that a high-fat diet (HF-StD) and 

obesity cause non-alcoholic fatty acid liver diseases 

resulting in the accumulation of triglycerides (TG) in the 
29,31liver . It was demonstrated in this study that with the 

consumption of a diet supplemented with either S. 

macrocarpon or A. esculentus, the liver weights of rats were 

significantly lowered as compared to the Ob-StD-control 

and StD-control groups. More so the hepatic tissue 

histology did not show major pathological changes.  

The levels of major serum lipids parameters such as TCHO, 

HDL-c, LDL-c, TG, and TBIL were measured after the 8 

weeks of treatment of obese rats with dried fruit samples of 
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S. macrocarpon and A. esculentus. The observed increase in 

the levels of TCHO, HDL-c, LDL-c, TG, and TBIL in the 

Ob-StD group compared to the Ob-StD+plant sample 

(treatment) groups may be due to an initial consumption of 

HF-StD by the rats that may have caused an increase in free 

fatty acids, which are raw materials for the production of 
31,32TCHO, LDL-c, HDL-c and TG . However, results from 

this study revealed that the administration of standard feed 

(StD) supplemented with dried fruit samples of S. 

macrocarpon and A. esculentus (Ob-StD+SM and Ob-

StD+AE) significantly decreased levels of the lipid profile 

of obese rats as compared to the two control groups. The 

observed result may be attributed to the phytoconstituents 

of S. macrocarpon and A. esculentus. 

Phytochemical analysis of Solanum macrocarpon L. and 

Abelmoschus esculentus plant extracts via GC/MS 

technique revealed the presence of phenolic acid 

derivatives such as benzoic acid; saturated fatty acids such 

as hexadecenoic acid methyl ester; monounsaturated fatty 

acids such as 9-octadecenoic acid; and polyunsaturated 

fatty acids such as 9,12-octadecadienoic acid. Phenolic 

compounds act as natural antioxidants that exert 

therapeutic effects such as antidiabetic, and anti-

inflammatory as well as prevent various forms of obesity-
33,34,35induced diseases . Long-chain polyunsaturated fatty 

acids have been reported to increase the release of satiety 

hormones such as cholecystokinin which delays gastric 

emptying and produces an increased feeling of satiety and 
36,37decreased appetite . These results suggest that the 

observed reduction of lipid profiles as well as reduction in 

rats' body and liver weights that coincides with decreased 

total food intake might be attributed to the effects of these 

compounds and others identified in S. macrocarpon and A. 

esculentus fruits.

5.     Conclusion

The potential of Solanum macrocarpon (African eggplant) 

and Abelmoschus esculentus (okra) in the management of 

high-fat diet-induced increase in body and liver weights 

and regulation of serum lipid profiles has been established. 

Phytochemical analysis revealed the presence of phenolic 

acid derivatives and fatty acids that may have contributed to 

the observed effects. S. macrocarpon and A. esculentus are 

known for their nutritional values and people usually 

consume these fruits. The study demonstrates the potential 

use of these fruits for the prevention and management of 

obesity. Further investigations will be required to determine 

the involvement of obesity-related hormones such as 

plasma adiponectin, leptin and insulin in the mechanisms of 

anti-obesity activity of these fruits.
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