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a b s t r a c t 

Background: Over the years, there has been research on the anti-obesity effect of the Allium cepa bulb, but a 
dearth of research was carried out on the leaves, which is consumed as vegetable salad and soup, hence this 
study was proposed. 
Objective: This study aims at investigating the effect of A. cepa leaves on high fat diet (HFD) induced obesity in 
male Wistar rats. 
Methods: Twenty-eight male Wistar rats were divided into four groups with seven rats each. Apart from Group 1 
(normal control which received normal pelleted diet), obesity was induced in 21 rats of Group 2 to 4 with HFD. 
Group 2, the obese control was administered with 100% HFD, while the diet for group 3 and 4 was supplemented 
with 10% and 20% A. cepa powdered leaves, respectively, for 28 days. 
Results: In the rats treated with 10% and 20% A. cepa , body weight, fat mass, blood glucose, total cholesterol, 
triglycerides, aspartate amino transferase, alanine amino transferase, creatinine and urea levels were reduced 
significantly ( P < 0.05) in comparison with the obese control group. The liver of the rats treated with 10% 

and 20% A. cepa leaves revealed small and few amounts of fat deposits in comparison with the obese control 
group, which revealed numerous and large deposits of fat. The kidney of the rats treated with 10% and 20% A. 

cepa leaves showed moderate and mild inflammation, respectively, in comparison with the obese control group 
which showed acute inflammation. The leaves of A. cepa had antioxidant properties and the presence of volatile 
compounds with anti-obesity properties in A. cepa were identified using gas chromatography-mass spectrometry 
(GC-MS). 
Conclusion: A. cepa leaves had weight-loss effect in that it decreased body weight, fat mass, glucose and lipid 
levels including fat deposits in the liver. 
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. Introduction 

Obesity, as a pathological condition, is often linked to increased
isk of various diseases, such as type 2 diabetes, dyslipidaemia, hyper-
ension, fatty liver disease, osteoarthritis, insomnia, cardiovascular dis-
ases, gallstones and cancer ( Heseker and Schmid, 2000 ; Meldrum et al .,
017 ). Obesity is referred to as an excess fat mass accumulated in
he body as a result of the interaction of environmental, physiologi-
al and genetic factors ( Heseker and Schmid, 2000 ). Specifically, some
f these factors include over-nutrition, sedentary lifestyle, urbaniza-
ion, and in few persons a physical condition or metabolic disturbance
 Lokuruka, 2013 ). 

Besides the various studies conducted on the treatment and manage-
ent of obesity, its global incidence continues to rise resulting in huge

ocio-economic costs ( Korner et al., 2003 ). The world has greater than
.1 billion obese or overweight adults of which 640 million were obese
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n 2014 ( WHO, 2015 ). Anti-obesity drugs which can reduce weight
y regulating appetite, metabolism or caloric consumption are diffi-
ult to develop and possess negative side effects ( Rodgers et al ., 2012 ).
ome existing antiobesity drugs are liraglutide, lorcaserin, phenter-
ine/topiramate, orlistat, and naltrexone/bupropion ( Anyanwu et al.,
020 ). 

Plants are commonly used in the management or treatment of
etabolic disorders including obesity because of the secondary metabo-

ites present in them. Several biologically active components from
edicinal plants have been reported to prevent obesity ( Lokuruka ,
013 ; Srivastava et al., 2018 ). Allium cepa is a deeply investi-
ated vegetable crop commonly known as onion, belonging to the
enus Allium and the specie cepa (family Amaryllidaceae ) as verified
n ( http://www.theplantlist.org/tpl/record/kew-295261 ). It is a biennial
lant with distichous, glaucous leaves, adventitious and fibrous roots,
nd concentric bulb ( Peruzzi et al ., 2017 ). 
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A. cepa is found to possess an array of compounds with abundant
harmacological properties including anticancer, antidiabetic, anti-
icrobial, antibacterial, analgesic, anti-inflammatory, hypolipideamic,

ntihypertensive, immune-protective effect, cardiovascular and anti-
xidant effects, as such justifying its possible use in the treatment of vari-
us human ailments ( Kuete, 2017 ). Other pharmacological effect shown
y A. cepa include anti-thrombotic, anti-arthritic and hypoglycemic ef-
ect ( Ali, 2013 ). Diverse studies have reported the anti-obesity proper-
ies of the A. cepa bulb but this research focused on the A. cepa leaves.
n the present study, we aimed to explore the effect of A. cepa leaves
n HFD induced obesity in male Wistar rats. We performed antioxidant
ssays on A. cepa leaves and the presence of volatile compounds in the
eaves were determined using GC-MS analysis. 

. Materials and Methods 

.1. Plant collection 

Fresh leaves of the onions, A. cepa, was collected from Utako Mar-
et, Abuja, Nigeria. The plant was collected in March, 2020. The plant
as authenticated by Dr. Jerome Ihuma in the Department of Biological
ciences, Bingham University Nigeria. The Collector’s specimen number
s BMT 153 and Herbarium Specimen number 27022 was allocated to
he plant. 

.2. Experimental animals 

Twenty-eight male Wistar rats weighing 200 ± 10 g were used for
his study. The rats were acquired from the animal house, University of
os, Nigeria and taken to the animal care unit of Bingham University,
igeria. The animals were kept in cages of 7 rats per group for two
eeks having free access to water and feed. The temperature (22 ± 2 ◦C)
nd lighting (12:12 h light/dark cycle) of the room was regulated. The
tudy was done in accordance with the prescribed guidelines for animal
se in Bingham University, Nigeria. 

.3. Preparation of plant powder 

The onion leaves were washed and sliced into tiny pieces and air-
ried at temperature of 22 ± 2 ◦C. The dried leaves were blended into
owder, and were further dried to constant weight and kept in sealed
lastic buckets until used. 

.4. Preparation of n-hexane and ethanol extract 

50 g of the onion leaf powder was macerated in 500 mL of n-hexane
n bottles for 72 h with intermittent shaking. Filtration was achieved
hrough Whatman No.1 filter paper and the collected filtrate was evap-
rated under pressure using a rotary evaporator at 40 ◦C. The yield was
tored at 4 ◦C in a refrigerator until required. The same procedure was
epeated using ethanol as the solvent. 

.5. Total phenolic content and antioxidant activity determination 

The quantity of total phenolics in the onion leaf extracts was esti-
ated using Folin Ciocalteu’s reagent by the method of Ferreira et al .

 Ferreira et al ., 2007 ). The crude and fractioned samples were prepared
y liquefying 5 mg of the extract in 1 mL of 95% ethanol to yield a con-
entration of 5 mg/mL. 25 μL of extracts (5 mg/mL) was combined with
00 μL of Folin Ciocalteu reagent in 96-well microplates. The solution
as mixed vigorously and incubated at 22°C in the dark for 3 min. Then
00 μL of Na 2 CO 3 was included and gently mixed. After 60 min, the ab-
orbance of the solution was read at 630 nm using a microplate reader
RT-2100C, Rayto Life and Analytical Sciences Co. Ltd , China). Changes in
bsorbance values were used. Total phenolic content was estimated as
illigrams of gallic acid equivalent per gram of dry weight (mg GAE/g).
2 
The 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging
ctivity of the ethanol and hexane extracts of A. cepa was analyzed and
xpressed as percent scavenging activity using the method of Xu and
hang ( Xu and Chang, 2007 ). 50 μL of ethanol and n-hexane solutions
f plant extracts were added to 180 μL of 0.2 mM DPPH solution in
 96-well microtitre plate, and mixed thoroughly before incubation at
3 ◦C for 60 min in the dark. The absorbance of the solution was read at
92 nm; ascorbic acid and ethanol were used as the positive and the per-
ent scavenging activity was calculated from the change in absorbance:
cavenging effect (%) = [1- (Abs sample / Abs control)] × 100. The
ntioxidant activity of the extracts measured on the basis of 𝛽-carotene
leaching inhibition and expressed as a percentage was estimated by the
ethod described by Amarowicz et al . ( Amarowicz et al ., 2008 ). 

.6. Gas chromatography-mass spectrometry (GC-MS) analysis of Allium 

epa 

The GC-MS equipment Agilent GC 7890B, MS detector MSD
977A (Agilent Technologies, USA) coupled with a library software
MassHunter: NIST 14.L software) was used to analyze n-hexane frac-
ion of A. cepa leaf. The GC-MS detection was performed with electron
onization system set at 70 eV ionization energy and Helium gas (carrier
as) at 1 mL/min constant flow rate. Other parameters were inlet tem-
erature fixed at 250 ◦C, oven temperature fixed at 100 ◦C for one and
alf min and gradually elevated to 270 ◦C at the rate of 5 ◦C per min. An
njection of 1 μL of diluted samples (1/100, v/v in appropriate solvents)
nd scan range of 40–600 was used for the analysis. 

.7. Obesity induction and treatment in the rats 

A total of 28 rats were arbitrarily distributed into 4 groups. Group
 (normal control) was fed with normal pelleted diet (NPD) which
ncluded 65% carbohydrate, 8% fat, 13% protein, 12.75% fiber, and
.25% of vitamins and multi-minerals. Obesity induction was achieved
n 21 rats by feeding with HFD (which contained 35% of carbohydrate,
0% of fat, 10% of protein, 3.75% fiber, and 1.25% of vitamins and
ulti-minerals) for 12 weeks. Rats fed on HFD with significantly in-

reased ( P < 0.05) body weight when compared to normal control group
f rats were considered obese ( Amin et al ., 2009 ). [Treatment of all an-
mals in group 3 and 4 with HFD supplemented with 10% and 20%
f the grounded leaves of A. cepa respectively ad libitum started at the
3th week and lasted for another 4 weeks. While rats in Group 2 were
ed with 100% high fat diet.] Experimental procedures for animal han-
ling followed the European Community guidelines (EEC Directive of
986; 86/609/EEC) and ethical approval number (BHU-02/DE/M-3–
.18) was given by the Ethics Committee of Research, Bingham Uni-
ersity, Karu, Nigeria. 

.8. Determination of food intake, body weight, organ weight and total fat 

ass 

The daily food intake and weekly body weight was measured in
rams (g) using a Tian Shan 2003B scale. After treatment period, rats
ere fasted for 12–14 hours. After being anesthetized with 1.9% inhaled
iethyl ether that is, 0.08 mL/L of container volume ( Aledani et al.,
020 ), organs such as the liver and kidney were harvested, rinsed in
istilled water and weighed. Adipose depots were harvested from each
at after abdominal incision. The fats were weighed and the sum was
egarded as the total fat mass. 

.9. Blood sample preparation 

After overnight fast, cardiac puncture was employed to collect blood
rom the rats ( Hoff and Rlatg, 2000 ). The blood which was collected in
lain tubes was allowed to stand for 15 min to coagulate before centrifu-
ation at 3500 rpm for 15 min at room temperature. The separated clear
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nd non-hemolyzed supernatant was pipetted using Pasteur pipette and
reserved at -20 ◦C. 

.10. Biochemical assays 

Whole blood from the rat tail was used to measure glucose level using
CCU-CHECK glucometer at day 0, 7, 14, 21 and 28. Serum was used for
ubsequent lipid profile bioassay for the determination of total choles-
erol level ( Tietz, 1990 ), triglycerides level ( Tietz, 1990 ), high density
ipoprotein (HDL) level ( Friedewald et al., 1972 ), low density lipopro-
ein (LDL) level ( Okada et al ., 1996 ), creatinine ( Batton et al., 1977 ),
rea level ( Batton et al., 1977 ), uric acid ( Barham and Trinder, 1972 ),
lanine amino transferase (ALT) and aspartate amino transferase (AST)
ssays ( Reitman et al., 1957 ). 

.11. Histopathological bioassay 

Histopathological examinations of the liver were accomplished by
araffin embedding method. Sectioned tissues were fixed in 10% neu-
ral buffered formalin to prevent autolysis. Dehydration and washing
f organ tissues was performed by isopropyl alcohol grading and 50%
thanol respectively, and thereafter stained in heamatoxylin and eosin
 Chavan et al., 2014 ). The stained sections were captured using a light
icroscope via 40 × magnification. The histopathological test was car-

ied out at the National Hospital in Abuja. 

.12. Statistical analysis 

Data from the studies was analyzed using the Graph Pad Prism 5 and
PSS 16 software. While data from the in vivo studies were presented
s mean ± S.E.M and were statistically analyzed by one way (ANOVA)
nd Tukey multiple range test. Differences at P < 0.05 were considered
ignificant using SPSS version 16 and GraphPad Prism 5 . 

. Results 

.1. GC-MS analysis of the n-hexane extract of Allium cepa 

Table 1 a is the GC-MS result of the n-hexane extract of the A. cepa .
he result reveals the presence of 32 compounds and all were identified.
s for the ethanol extract of A. cepa leaves, thirteen compounds were

dentified which were different from those of the n-hexane extract. The
otal ion chromatogram of n-hexane and ethanol extracts of A. cepa are
s seen in Fig. 1 a and 1 b, respectively. 

.2. Total phenolic content and antioxidant activity of the ethanol and 

-hexane extracts of Allium cepa 

Table 2 is the result of the total phenolic content determination in the
thanol and n-hexane extract of the A. cepa sample. The result clearly
eveals that the phenolic content or gallic acid equivalent in the ethanol
xtract of the A. cepa sample is higher than that of the n-hexane ex-
ract. The ethanol extract contained higher levels of antioxidant capac-
ty compared to the hexane extract with scavenging and inhibition ef-
ect of 78.65 ± 3.15% and 87.9 ± 8.22% against DPPH radical and in
-carotene-linoleate model system. 

.3. The effect of Allium cepa on the feed intake of experimental rats 

At day 28, the feed intake amongst the groups were not statistically
ifferent, that is there was no significant change ( P > 0.05) in the groups
reated with 10% and 20% A. cepa when compared with the obese and
ormal control groups ( Table 3 ). The body weight of all the groups
ed with HFD were elevated statistically ( P < 0.05) above the normal
ontrol at the inception of treatment (day 0) due to obesity induction
 Fig. 2 ). At day 28, the obese control group recorded significant increase
3 
 P < 0.05) in body weight compared to normal control and treated (10%
. cepa and 20% A. cepa ) groups. 

.4. The effect of Allium cepa on the liver weight, kidney weight and fat 

ass of the rats 

At the end of the experiment, the increase in the liver and kidney
eight of the obese control group was significant ( P < 0.05) compared

o the normal control group ( Table 4 ). Only the kidney weight of the
ats treated with 20% A. cepa was significantly decreased ( P < 0.05)
hen compared with the obese control group. Significant increase ( P <
.05) in the fat mass of rats in the obese control group was observed
ompared to the groups treated with 10% and 20% A. cepa . Table 4 also
howed significant rise ( P < 0.05) in ALT and AST activities among rats
n the obese control group compared with the normal control. However,
he ALT activity of the rats treated with 20% A. cepa when compared to
bese control decreased ( P < 0.05) significantly, but both 10% and 20%
f A. cepa significantly reduced ( P < 0.05) the AST activities of rats. 

.5. The Effect of Allium cepa on the blood glucose level of the rats 

The glucose level of the normal control was fairly constant and stable
ver the time which the tests were taken ( Fig. 3 ). At day 28, the blood
lucose level of the obese control was significantly elevated ( P < 0.05)
han the normal control. Nevertheless, treatment with 10% and 20% A.

epa significantly decreased ( P < 0.05) the blood glucose levels of the
ats when compared with the obese control but not the normal control.

.6. The effect of Allium cepa on the lipid profile of the rats 

Table 5 showed the lipid profile of experimental animals. The total
holesterol, triglyceride, LDL-C and VLDL-C levels were found to have
ncreased significantly ( P < 0.05) in the obese control when compared
ith normal control. In contrast, only 20% A. cepa treated rats had sig-
ificantly decreased ( P < 0.05) total cholesterol, triglyceride, LDL-C and
LDL-C levels compared with the obese control. No significant change
 P > 0.05) in the HDL-C levels was found amongst the normal control,
bese control and the treated groups. 

.7. The effect of Allium cepa on the kidney function status of the rats 

Table 6 showed the kidney function status of the animals, particu-
arly the creatinine, urea and uric acid concentration of the rats. The cre-
tinine and urea levels in the obese control were significantly increased
 P < 0.05), while the uric acid showed no significant change ( P > 0.05)
hen compared with normal control. Likewise, the creatinine and urea

evels in the A. cepa treated groups were decreased significantly ( P <
.05) without the uric acid when compared with the obese control. 

.8. The effect of Allium cepa on the histopathology of the liver of the rats

Fig. 4 showed the histopathology results that were run on the liver
amples from each group. The rats in the normal control group had small
nd few amounts of fat deposits on their livers ( Fig. 4 A). The rats in the
bese control group were found to have numerous and large fat deposits
 Fig. 4 B). Consequently, the rats in the groups treated with 10% and 20%
. cepa had small and numerous amounts of fat deposits ( Fig. 4 C and
). 

.9. The effect of Allium cepa on the histopathology of the kidney of the 

ats 

The histopathology results that were run on the kidney samples from
ach group are shown in Fig. 5 . The rats in the normal control group
howed mild inflammation as such indicated little or no lipotoxicity
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Table 1a 

GC-MS analysis of n-hexane extract of Allium cepa . 

Peak RT Area (%) Name of compounds in n-hexane extract of A. cepa 

1 22.0854 0.7851 Heptadecane 
2 23.4833 2.1600 1,1-Cyclopropanedicarboxamide 
3 27.2509 1.1475 10-Methylnonadecane 
4 28.2181 0.6885 Heptacosane 
5 29.0601 0.8829 Octadecane,1-chloro- 
6 29.6244 0.8383 Phytol, acetate 
7 29.7228 1.1768 2-Pentadecanone, 6,10,14-trimethyl- 
8 30.3640 0.6737 Cyclopentadecanone, 4-methyl- 
9 30.6349 5.3659 Methoxyacetic acid, 2-tetradecyl ester 
10 30.8860 0.4936 13-Octadecenal, (Z)- 
11 31.0485 1.7848 Hentriacontane 
12 31.3405 1.2347 Dodecyl nonyl ether 
13 31.4699 23.4473 Squalene 
14 31.6688 0.6173 Oxirane, tetradecyl- 
15 31.8043 1.2809 Cyclopropaneoctanal, 2-octyl- 
16 31.9249 4.9634 13-Hexyloxacyclotridec-10-en-2-one 
17 32.1575 7.8546 6-Octadecenoic acid, methyl ester, (Z)- 
18 32.2635 2.7012 9-Octadecenoic acid (Z)-, 2,3-dihydroxypropyl ester 
19 32.3313 2.9579 16-Octadecenoic acid, methyl ester 
20 32.4137 1.9020 Eicosane 
21 32.4748 1.4171 3,8-Dioxatricyclo[5.1.0.0(2,4)]octane, 4-ethenyl- 
22 32.6178 4.6256 Cyclopropaneoctanal, 2-octyl- 
23 32.7246 3.8848 Cyclohexane, 1R-acetamido-2,3-cis-epoxy-4-cis-formyloxy- 
24 32.7966 3.5544 Octadecane 
25 33.4451 1.1967 Di-n-decylsulfone 
26 33.8769 6.7864 9-Octadecenoic acid (Z)-, 2,3-dihydroxypropyl ester 
27 33.9916 3.4850 Acetic acid, 13-methyl-3-phenylazo-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-17-yl ester 
28 34.1097 1.5992 Eicosyl isopropyl ether 
29 34.8391 0.7856 1,2-Bis (trimethylsilyl)benzene 
30 35.3366 0.9781 4H-1,2,4-triazole-3,5-diamine, N3-(4-fluorophenyl)-N5-methyl- 
31 36.2961 6.5160 gamma.-Tocopherol 
32 36.6722 2.2148 1H-Indole, 5-methyl-2-phenyl- 

Table 1b 

GC-MS analysis of defatted ethanol extract of Allium cepa . 

Peak RT Area (%) Name of compounds in Ethanol extract of A. cepa 

1 5.2457 0.9986 Oleic Acid 
2 18.6812 2.0495 Methyl tetradecanoate 
3 20.1735 1.0050 Ethyl cyclohexanepropionate 
4 22.9206 8.9758 Hexadecanoic acid, methyl ester 
5 24.2781 33.6168 Hexadecanoic acid, ethyl ester 
6 26.1800 0.9779 10,13-Octadecadienoic acid, methyl ester 
7 26.3072 18.3772 11-Octadecenoic acid, methyl ester 
8 26.8363 4.0542 Methyl stearate 
9 27.4306 1.6766 Ethyl 9.cis.,11.trans.-octadecadienoate 
10 27.5530 25.6993 Ethyl Oleate 
11 28.0725 2.5951 Octadecanoic acid, ethyl ester 
12 32.5941 1.3737 Acetic acid, 6-acetoxymethyl-2,2-dimethyltetrahydro[1,3]dioxolo[4,5-c]pyran-7-yl ester 
13 37.8186 1.3997 n-Propyl 11-octadecenoate 

Table 2 

Total phenolic content and antioxidant capacity of ethanol and hexane extracts of Allium cepa leaves. 

Plant Sample Total phenolic content (mg GAE/g extract) DPPH(% scavenging effect) 𝛽-carotene bleaching inhibition (%) 

Ethanol extract 161.00 ± 22.50 a 78.65 ± 3.15 a 87.9 ± 8.22 a 

n-hexane extract 32.30 ± 0.60 b 50.29 ± 5.51 b 9.23 ± 1.40 b 

GAE = gallic acid equivalent, mean ± standard deviation values. Different superscript letters on mean values in the same 
column are significantly ( P < 0.05) different. 

Table 3 

The effect of A. cepa on the weekly feed intake of experimental animals. 

Groups 
Feed Intake (g) 

Day 0 Day 7 Day 14 Day 21 Day 28 

Normal Control 76.00 ± 2.31 83.00 ± 1.73 74.00 ± 3.06 76.33 ± 3.76 76.67 ± 1.76 
Obese Control 77.33 ± 3.53 80.00 ± 1.73 75.00 ± 2.89 78.00 ± 3.21 80.33 ± 2.60 
10% A. cepa Leaf 80.00 ± 3.46 79.00 ± 1.73 82.00 ± 2.31 80.00 ± 2.31 77.67 ± 1.86 
20% A. cepa Leaf 80.00 ± 2.31 78.33 ± 5.49 77.00 ± 5.77 80.67 ± 2.40 77.00 ± 4.36 

Values are presented as mean ± S.E.M. The means were not significantly different at P > 0.05. 

4 
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Fig. 1. A. Total ion chromatogram for the n-hexane extract of Allium cepa leaves. B. Total ion chromatogram for the ethanol extract of Allium cepa leaves. 

Table 4 

Effect of Allium cepa on organ weight and liver function parameters. 

Groups Liver weight (g) Kidney weight (g) Fat mass (g) ALT (U/L) AST (U/L) 

Normal Control 7.68 ± 0.53 b 1.67 ± 0.05 b 4.11 ± 0.32 c 63.67 ± 1.86 b 64.67 ± 6.23 b 

Obese Control 12.42 ± 1.38 a 2.20 ± 0.07 a 18.96 ± 1.70 a 72.67 ± 3.38 a 79.00 ± 4.93 a 

10% A. cepa Leaf 11.83 ± 1.27 a 1.98 ± 0.20 ab 12.41 ± 0.40 b 68.33 ± 1.86 ab 47.33 ± 0.33 c 

20% A. cepa Leaf 11.19 ± 0.29 a 1.78 ± 0.10 b 5.76 ± 1.21 c 64.33 ± 2.19 b 52.67 ± 3.71 bc 

Values are presented as mean ± S.E.M. Means not sharing common letter(s) are significantly different 
( P < 0.05). 

Table 5 

The effect of Allium cepa on the lipid profile of male wistar rats. 

Groups TC(mg/dL) TG(mg/dL) HDL(mg/dL) LDL(mg/dL) VLDL(mg/dL) 

Normal Control 102.11 ± 4.07 b 107.04 ± 3.10 b 23.41 ± 1.04 a 168.02 ± 6.27 b 21.41 ± 0.62 b 

Obese Control 135.64 ± 7.29 a 136.71 ± 6.35 a 21.72 ± 1.64 a 315.01 ± 6.93 a 27.34 ± 1.27 a 

10% A. cepa Leaf 120.93 ± 7.55 ab 128.26 ± 3.02 a 25.23 ± 2.18 a 203.25 ± 22.13 b 25.65 ± 0.61 a 

20% A. cepa Leaf 106.13 ± 2.51 b 109.30 ± 3.63 b 26.09 ± 0.32 a 183.27 ± 8.30 b 21.86 ± 0.73 b 

Values are presented as mean ± S.E.M. Means not sharing common letter(s) are significantly different 
( P < 0.05). 

Table 6 

The effect of Allium cepa on the kidney function status of experimental rats. 

Groups Creatinine(mg/dL) Urea(mg/dL) Uric acid(mg/dL) 

Normal Control 0.92 ± 0.04 b 116.21 ± 4.43 b 4.93 ± 0.09 a 

Obese Control 1.12 ± 0.01 a 135.22 ± 6.48 a 5.36 ± 0.04 a 

10% A. cepa Leaf 0.89 ± 0.03 b 85.77 ± 0.21 c 5.05 ± 0.40 a 

20% A. cepa Leaf 0.89 ± 0.06 b 57.74 ± 3.59 d 5.20 ± 0.37 a 

Values are presented as mean ± S.E.M. Means not sharing common letter(s) 
are significantly different ( P < 0.05). 
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 Fig. 5 A). The obese control group on the other hand showed acute in-
ammation as such indicated acute lipotoxicity ( Fig. 5 B). The treated
roups showed moderate and mild inflammation for 10% and 20% A.

epa treatment respectively ( Fig. 5 C and D). 
5 
. Discussion 

.1. Anti-obesity compounds in the n-hexane extract of Allium cepa 

The purpose of conducting GC-MS analysis on the crude n-hexane
xtract was to identify some compounds particularly non polar com-
ounds in the A. cepa leaves that might contribute to the anti-obesity
ffect of the plant. The n-hexane extract of the A. cepa leaf had 32 ac-
ive compounds, of which Squalene (23%) was the dominant compound.
ome of these compounds were already proven by previous studies to
ave anti-obesity properties ( Ibrahim et al ., 2020 ). For example, phytol
hich is present in the hexane extract is a chemically and biologically
ctive compound and it possesses anti-obesity properties ( Hiroko et al .,
020 ). Long term intake of phytol has beneficial effects on insulin re-
istance, obesity and diabetes and for improvement in lipid metabolism
 Hiroko et al., 2018 ). Squalene was found in the n-hexane extract of A.
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Fig. 2. Body weight of experimental rats post treatment against number 

of days. Values are presented as mean ± S.E.M. Means were significantly dif- 
ferent ( P < 0.05); ( ∗ ) significantly different ( P < 0.05) from normal control; ( # ) 
significantly different ( P < 0.05) from HFD control. 

Fig. 3. Effect of treatment with A. cepa on the blood glucose level of ex- 

perimental rats. Values are presented as mean ± S.E.M. ( # ) indicated means 
significantly different ( P < 0.05) from HFD control. 

c  

a
 

a  

b  

b  

s  

(  

a
 

h  

t  

t  

p  

A  

f  

b  

l  

e
 

a  

b  

a  

c  

t  

G  

t  

t  

t  

2

Fig. 4. Histopathology of the liver of experimental rats. A: Normal control 
– small and few amounts of fat deposits. × 40 [Blue arrow points to small fat 
deposits], B: Obese control – numerous and large deposits of fat deposits. × 40 
[Yellow arrow points to large fat deposits], C: HFD + 10% of Allium cepa – small 
and numerous amounts of fat deposits. × 40 [Blue arrow points to small fat 
deposits], D: HFD + 20% of Allium cepa – small and numerous amounts of fat 
deposits. × 40 [Blue arrow points to small fat deposits]. 

Fig. 5. Histopathology of the kidney of experimental rats. A: Normal control 
– mild inflammation of the kidney × 40, B: Obese control – acute inflammation 
of the kidney. × 40, C: HFD + 10% of Allium cepa – moderate inflammation of 
the kidney. × 40, D: HFD + 20% of Allium cep a – mild inflammation of the 
kidney. × 40. 
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epa . It inhibits cholesterol biosynthesis and has been proven to possess
nti-obesity properties ( Ibrahim et al ., 2020 ). 

The major components of ethanol leaf extract of A. cepa were hex-
decanoic acid, octadecenoic acid and ethyl oleate. Ethyl oleate has
een reported to have antiobesity properties in rats via reduction in
ody weight and food intake ( Kemp et al., 2008 ). Also, oleic acid con-
umed in meals reduced abdominal fat and central obesity in humans
 Tutunchi et al., 2020 ). Hexadecanoic acid has been reported to have
ntioxidant activities ( Sheela and Uthayakumari, 2013 ). 

Some organic compounds which are characterized as essential oils
ave also been proven to possess antioxidant and anti-obesity proper-
ies ( Giosue et al ., 2016 ). Another class of compounds responsible for
he anti-obesity effect of the A. cepa leaves are sulphur containing com-
ounds ( Mariangela et al ., 2018 ). These compounds were present in the
. cepa leaves thus may account for the weight loss recorded in the rats

ed with 10% and 20% A. cepa leaves. In this study acetic acid, which has
een reported by Yamashita et al . to have anti-obesity effects in obesity-
inked type 2 diabetic rats, might be also responsible for the anti-obesity
ffect of the A. cepa leaves ( Yamashita et al ., 2015 ). 

Furthermore, tocopherol, otherwise known as Vitamin E which is
lso present in the A. cepa leaves as revealed by the GC-MS analysis, has
een proven to possess anti-oxidative, anti-inflammatory, anti-obesity
nd anti-hyperglycemic properties ( Wong et al ., 2017 ). The tocopherol
ontent of the A. cepa might have contributed to the weight loss of
he treated rats over the treatment period. Also revealed through the
C-MS analysis is the presence of heptacosane which has been proven

o possess anti-obesity properties in high fat diet obesity induced Wis-
ar rats ( Zoy et al ., 2019 ). Heptacosane might have contributed to
he weight loss recorded in the rats treated with A. cepa ( Zoy et al.,
019 ). 
6 
.2. The total phenolic content and antioxidant activity of the ethanol and 

-hexane extract of Allium cepa 

The ethanol and n-hexane extract of the A. cepa sample clearly re-
eals the presence of phenolic compounds in considerable proportion
n the A. cepa sample. The ethanol and n-hexane extract of the A.

epa sample contained 161.0 ± 22.5 mg GAE/g and 32.3 ± 0.6 mg
AE/g, respectively. Phenolic compounds are proven by various stud-

es to have anti-obesity properties and as such facilitate weight loss
 Anyanwu et al ., 2020 ). For instance, curcumin and epigallocatechin
allate have been shown to cause weight loss in rats fed with high fat diet
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 Kao et al ., 2000 ). Curcuminoids is also proven to prevent lipid accumu-
ation in rats fed with high fat diet ( Asai et al ., 2001 ). Another phenolic
ompound proven to inhibit the pancreatic lipase is the licochalcone
 Won et al ., 2007 ). Soy isoflavone is another phenolic compound which
as been proven to inhibit lipid accumulation in mice fed with high fat
iet ( Ahn et al ., 2008 ). The high levels of antioxidant in the leaves of
. cepa may be useful against the progression of obesity and prevention
ell or organ damage ( Š krovánková et al., 2012 ). 

.3. The effect of Allium cepa on body weight and feed intake of 

xperimental rats 

Obesity has been described as significant increase in Body mass index
BMI) ( Novelli et al ., 2007 ) and/or body weight ( Amin and Nagy, 2009 )
n laboratory animals. Within the four-week-period treatment with the
. cepa supplemented feed, there was a decrease in body weight of the

est subjects using the obese control and normal controls as references.
he group which was treated with a higher dosage (20% of A. cepa )
f the plant sample was found to have reduced in body weight more
han the group which was treated with just 10% of A. cepa sample.
his suggests that A. cepa aids in body weight reduction and is dosage-
ependent. This is in line with the studies of Yang et al . ( Yang et al .,
018 ) who discovered that bulb oil decreased body weight and white
dipose tissue weight in rats fed with high fat diet. 

Consequently, there was an increase in feed intake for the group
hich was treated with 10% of A. cepa sample. The feed intake in the
roup treated with 10% of A. cepa was obviously higher than the group
reated with 20% A. cepa . This implies that at a lower dosage, the plant
ossesses the ability to stimulate appetite but possibly suppress it at
 higher dosage through certain biochemical mechanism such as the
timulation of satiety hormone such as leptin. The observed decrease in
eed intake would be accompanied with lower exposure to calorie intake
hich would have affected the body weight of the group treated with
0% of A. cepa . 

Although the group treated with 10% of A. cepa showed decrease
n the total fat mass, the group treated with 20% of A. cepa showed
 more significant reduction ( P < 0.05) in fat mass in comparison
ith the obese control. A. cepa have been found to contain saponins
nd flavonoids which in turn possess pancreatic lipase inhibitory effect
 Mariangela et al ., 2016 ). Thus, it prevents lipase from hydrolyzing in-
ested dietary fat into fatty acids and monoglycerides leading to de-
reased fat absorption and consequently decreased caloric absorption
nd body weight. 

.4. The effect of Allium cepa on lipid profile, ALT, AST and blood glucose

The levels of triglyceride, total cholesterol, VLDL cholesterol and LDL
holesterol in the obese rats were significantly higher ( P < 0.05) than
hose in the normal control. Also, the levels of triglyceride, total choles-
erol, VLDL cholesterol, and LDL cholesterol in the rats treated with A.

epa decreased in comparison with the obese control. Aqueous extract
f A. cepa was reported to decrease the levels of cholesterol, LDL choles-
erol and HDL cholesterol without any significant effect on triglyceride
evel in rats fed with high fat diet ( Jamshid et al ., 2012 ). 

This implies that the reduction in the body weight of the rats treated
ith 10% and 20% A. cepa is as a result of the decrease in levels of

riglyceride, total cholesterol, VLDL cholesterol, and LDL cholesterol
nd also through some certain biochemical mechanisms and pathways
r due to the effect of several compounds proven to possess anti-obesity
roperties such as squalene which inhibits cholesterol biosynthesis via
nhibition of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) re-
uctase in the liver ( Ibrahim et al ., 2020 ). 

ALT and AST enzymes are reliable markers for hepatotoxicity evalu-
tion ( Hayes, 1989 ). The elevation of ALT and AST activities have been
ssociated with hepatic fat deposition linked obesity ( Wallace et al .,
007 ). The group which ingested 20% of A. cepa decreased ALT and
7 
ST activities thereby enhancing the metabolism of fat, it also implies
hat an added dosage of the plant shows significant decrease ( P < 0.05)
n ALT and AST activities. Also, a reduction in fat deposition was re-
ealed in the histopathology test carried out on the liver of the rats
reated with 20% of A. cepa leaves . The blood glucose level of the treated
ats was shown to have reduced over the treatment period. This implies
hat glucose metabolism was enhanced thus explaining the increase in
riglyceride and other lipid profiles. This suggests that A. cepa enhances
lucose tolerance and its metabolism to fatty acids. 

.5. The effect of Allium cepa on the kidney function status and on the 

istopathology of the kidney 

Other laboratory studies have proven that creatinine, urea and uric
cid levels are biochemical markers for the kidney function status
 Gowda et al., 2010 ). Increased concentration of creatinine and urea be-
ond normal levels could portend possible risk of a renal failure. Clearly
he creatinine and urea level in the obese control group increased con-
iderably in comparison with the normal control group, thus suggesting
ossible osmotic diuresis and a reduced glomerular filtration in an obese
ondition. Therefore, deposition of the biochemical markers, that is cre-
tinine and urea, into the serum could present renal failure if aggravated
 Musso et al ., 2005 ). On the other hand, the creatinine and urea level
n the test group decreased in comparison with the obese control group,
hus suggesting increased glomerular filtration and adequate reabsorp-
ion of the biochemical markers by the kidney glomerulus for further
iodegradation. 

The histopathology of the kidney in the obese control group reveals
cute inflammation in comparison with the normal control. This suggest
ossible lipotoxicity, a condition characterized with the storage of non-
sterified fatty acids and their products such as ceramides and diacyl-
lycerol in organs such as kidney thus inducing chronic inflammation
nd this outcome is in consonance ( Ayse-Basak, 2017 ). Consequently,
or the groups treated with 10% and 20% of A. cepa there were moder-
te and mild inflammation respectively which do not pose any level of
oxicity to the organ. Although some studies reveal that at an extremely
igh level of A. cepa may be toxic to organs such as kidney and to the
ntire system with symptoms such as heartburn, abdominal bloating,
ad breath and hypoglycemia. 

.6. The effect of Allium cepa on the histopathology of the liver 

The histopathology of the obese control group clearly reveals nu-
erous and large deposits of fat in comparison with the normal control

roup which only had small and few amount of fats. This clearly reveals
hat the high fat diet in the obese control led to the deposition of excess
riglycerides in the adipose tissue and in the liver. On the other hand,
he rats treated with 10% and 20% of A. cepa only had small and nu-
erous amounts of fat deposits, thus indicating the reversal of obesity in

he treated groups. The reversal of obesity in the treated groups, a lack
f deposition of numerous and large deposits of fat in the liver is due
o many reasons, amongst which the presence of various phytochemical
ompounds in the A. cepa sample may be responsible, such as flavonoids,
olyphenols, terpenes, amines and different organic compounds as re-
ealed by the GC-MS analysis. 

. Conclusion 

In conclusion, A. cepa leaves has weight loss potential as revealed
y decreased body weight, glucose level, fat mass, fat deposits in the
iver and improved lipid profile in animals. Though the presence of com-
ounds with anti-obesity properties in A. cepa levels suggests the reason
or weight loss; however, the mechanism through which weight loss is
chieved is a subject for further studies. 
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