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ABSTRACT

Zingiber officinale rhizome, known commonly as ginger, is extensively used in traditional system of 
medicine in many countries for the treatment of various disorders. The study was aimed at determining the 
effects of the ethanol extract of the rhizomes of Z. officinale on some metabolic syndrome indices in albino 
Wistar rats fed high-fat high-sucrose diet. The design consisted of 6 groups. Group 1 received standard 
feed(vital finisher's mash) and distilled water, group 2 received high-fat high-sucrose diet only, group 3 
received high-fat high-sucrose diet + metformin, groups 4,5 and 6 received high-fat high-sucrose diet + 
ethanol extract of rhizomes of Zingiber Officinale (200, 400 and 800mg/kg body weight respectively). The 
experiment lasted for 10 weeks. At the end of the experiment, the rats of different groups were sacrificed; the 
parameters of lipid profile(Total cholesterol, HDL-C, TAG, LDL-C and VLDL-C), antioxidant status SOD 
and catalase activities as well as GSH and MDA concentrations) and using standard methods. 
Administration with the ethanol extract of Z. officinale rhizomes at doses of 200, 400 and 800mg/kg body 
weight showed significant reduction of body weight in treated groups, improved lipid profile and HDL-
cholesterol levels in the rats of the treated groups compared to the rats in the group fed high-fat high-sucrose 
diet alone. Inhibition of lipid peroxidation, and improvement of GSH, GPx, SOD, MDA and catalase 
activity were also observed in the rats of the treated groups. In conclusion, this study reveals that the ethanol 
extract of the rhizome of Z. officinale improved the indices of metabolic syndrome and therefore, justifies its 
use in the amelioration of metabolic syndrome.

Keywords: HFHS diet (high-fat high-sucrose diet), MetS (metabolic syndrome), Zingiber officinale 
(Ginger)

INTRODUCTION

Metabolic syndrome including the presence 
of obesity, insulin resistance and dyslipidaemia that 
predisposes one to type 2 diabetes mellitus is 
becoming more prevalent in recent years (Alberti et 
al. 2018; Bergman et al. 2018).  The modern 
lifestyle of increased intake of high-fat high-
sucrose cafeteria fast food associated with 
decreased energy expenditure also contributes to 
the current rising prevalence of obesity and type 2 
diabetes (Aude et al. 2017). Therefore, new 
medicinal agents with dual properties on 
controlling both blood glucose and lipids are in 
great demand. Z. officinale commonly known as 
ginger, a well-known food spice, has been used 

traditionally in a wide variety of ailments (Afzal et 
al.2015; Park et al.2021).In laboratory 
experiments, ethanol extract of Z. officinale has 
been shown to reduce plasma lipids in cholesterol-
fed hyperlipidaemic rabbits (Verma et al. 2014; 
Bhandari et al. 2018). Hence, this study was aimed 
at evaluating the effects of the ethanol extract of 
rhizomes of Z. officinale on some metabolic 
syndrome indices in rats fed high-fat high-sucrose 
diet.

MATERIALS AND METHODS 

Plant Material and extraction:
Fresh rhizomes of Z. officinale were obtained 

from a local vegetable market (Ubani) in Umuahia 
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North Local Government Area, Abia State and were 
authenticated by a taxonomist Mr. Ibe K. Ndukwe 
of the Herbarium Unit of Forestry and 
Environmental Management Department of 
Michael Okpara University of Agriculture, 
Umudike, Abia State. 

Extracts from these rhizomes were prepared 
according to the Soxhlet method described by 
Jensen (2017).

Animals
A total of 30 adult male albino rats aged 8-10 

weeks and weighing 80 to 120g. The animals were 
obtained from the Animal House of the Department 
of Zoology and Environmental Biology, Michael 
Okpara University of Agriculture, Umudike, 
housed in Aluminium cages (6 rats per cage) The 
study was conducted in the Department of 
Biochemistry, Michael Okpara University of 
Agriculture, Umudike.

Experimental Design 
Thirty (30) adult albino rats assigned to 6 groups of 
5 rats each were treated according to the order 
below:
Group 1: Normal control
Group 2: Negative control (high-fat high-

sucrose diet only)
Group 3: High-fa t  h igh-sucrose  die t  +  

metformin (100 mg/kg body weight)
Group 4: High-fat high-sucrose diet + ethanol 

extract of the rhizomes of Z. officinale 
(200 mg/kg body weight)

Group 5: High-fat high-sucrose diet + ethanol 
extract of the rhizomes of Z. officinale 
(400 mg/kg body weight)

Group 6: High-fat high-sucrose diet + ethanol 
extract of the rhizomes of Z. officinale 
(800 mg/kg body weight)

D e t e r m i n a t i o n  o f  To t a l  C h o l e s t e ro l  
Concentration

The determination of serum concentrations of 
total cholesterol was carried out using enzymatic 
colorimetric endpoint method as described by 
Allain et al. (1974). 

Determination of High Density Lipoprotein 
Cholesterol Concentration

The determination of serum concentrations of 
total cholesterol was carried out using enzymatic 

colorimetric endpoint method as described by 
Allain et al. (1974). 

Determination of Triacylglycerol Concentration 
This was determined by the method described by 
Tietz (1990).

D e t e r m i n a t i o n  o f  M a l o n d i a l d e h y d e  
Concentration

Lipid peroxidation was determined by 
measuring thiobarbituric acid reactive substances 
(TBARS) in the tissues using the method Wallin et 
al. (1993).

The pink chromogen produced by the 
reaction of secondary products of lipid peroxidation 
such as  malondialdehyde (MDA) with  
thiobarbituric acid was estimated at 532 nm. 

Determination of antioxidant enzymes
SOD was assayed according to the method of 

Arthur and Boyne (1985). The assay was based on 
the 50% inhibition of the formation of NADH-
phenazine methosulfate nitroblue tetrazolium 
formazan at 520 nm. The activity of catalase was 
assayed according to the method of Sinha (1972), 
based on the conversion of dichromate in acetic acid 
to perchromic acid and then to chromic acetate, 
when heated in the presence of H O . The chromic 2 2

acetate formed was measured at 620 nm. Reduced 
glutathione (GSH) in the tissue was assayed 
according to the method of Exner et al. (2000).GSH 
estimation was based on the development of yellow 
colour when 5.5-dithiobisnitro benzoic acid was 
added to compounds containing sulfydryl groups. 
Hepatic GST activity was assayed according to the 
method of Habig et al.(1984) with some 
modifications. GPx activity was determined by 
measuring the decrease in GSH content after 
incubating the sample in the presence of H O  and 2 2

NaN  (Hafemann et al.1974).3

Statistical Analysis
Data obtained were presented as mean ± 

standard error of mean and analyzed using Oneway 
Analysis of Variance of SPSS software. The variant 
mean was separated by least significant difference 
of the different groups. Significance was accepted at 
the level of P < 0.05.
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Table 1: Lipid profile

Parameters Normal 
control 

High-fat 
high-sucrose 
diet only 

High-fat 
high-sucrose 
diet + 
Metformin 
(100 mg/kg) 

High-fat 
high-sucrose 
diet + 
ethanol 
extract of the 
rhizomes of  
Z. officinale 
(200 mg/kg 
BW) 

High-fat 
high-sucrose 
diet + ethanol 
extract of the 
rhizomes of  
Z. 
officinale(400 
mg/kg BW) 

High-fat 
high-sucrose 
diet + ethanol 
extract of the 
rhizomes of  
Z. 
officinale(800 
mg/kg BW) 

Total 
cholesterol 
(mg/dl) 

103.17±2.12a 185.65±9.05d 133.37±6.58b,c 133.88±8.44b,c 137.49±3.37c 128.13±5.06b 

HDL-C  

(mg/dl) 

64.16±1.20a 69.95±2.59b,c 67.58±2.38a,b 70.76±2.80b,c 71.15±4.77b,c 72.58±2.51c 

TAG  

(mg/dl) 

116.80±4.77a 191.55±8.66d 177.54±05.25c 171.71±7.84c 155.16±5.29b 153.84±7.34b 

LDL-C  

(mg/dl) 

15.65±2.44a 77.40±8.72d 30.28±7.66b,c 28.78±5.93b,c 35.31±6.72c 24.78±4.59b 

VLDL-C 
(mg/dl) 

23.36±0.95a 38.31±1.73d 35.51±1.05c 34.34±1.57c 31.03±1.06b 30.77±1.47b 

 

Values were presented as mean ± standard deviation (n = 5); and values with different letter 
superscripts are significantly different from any paired mean across the row.

Table 2: Antioxidant parameters

Parameters Normal 
control 

High-fat 
high-sucrose 
diet only 

High-fat 
high-sucrose 
diet + 
Metformin 
(100 mg/kg) 

High-fat 
high-sucrose 
diet + ethanol 
extract of the 
rhizomes of 
Z. officinale 
(200 mg/kg 
BW) 

High-fat 
high-sucrose 
diet + ethanol 
extract of the 
rhizomes of 
Z. officinale 
(400 mg/kg 
BW)) 

High-fat high-
sucrose diet + 
ethanol extract 
of the rhizomes 
of Z. officinale 
(800 mg/kg 
BW) 

GSH (u/l) 65.35±3.22d 54.69±3.85a 59.24±2.10b,c 57.60±1.20a,b 61.00±2.59b,c 61.81±1.98c 

GPx (u/l) 53.55±2.98c,d 46.64±1.73a 50.39±0.70b 50.80±2.26b,c 53.75±2.17d 52.42±1.86b,c,d 

SOD (u/l) 42.47±2.67c 32.75±2.26a 36.86±1.33b 40.13±1.82c 40.86±1.52c 42.04±1.55c 

CAT (u/l)  31.04±1.08a,b 28.92±1.45a 30.84±1.06a,b 30.34±2.24a,b 30.23±2.01a,b 31.71±1.21b 

MDA 
(mmol/L) 

0.43±0.05a 1.89±0.12d 1.34±0.05c 1.23±0.10c 1.05±0.11b 1.00±0.12b 

 
Values were presented as mean ± standard deviation (n = 5); and values with different letter superscripts are 
significantly different from any paired mean across the row.
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RESULT AND DISCUSSION

Alteration in lipid profile is an indication of 
pathological conditions relative of plaques 
formation in the arterial walls may cause 
atherosclerosis and this may be obtained with an 
increase on LDL-C and decrease level of HDL-C 
(Superko et al. 2022). Exposure of the experimental 
albino rats to HFHS diet in this present study 
elicited an increase in the concentration of total 
cholesterol, TAGs, LDL-C and VLDL-C but 
reduction in the concentration of HDL-C. 
Treatment with the graded doses of the ethanol 
extract of the rhizomes of Z. officinale significantly 
attenuated all the alterations in the lipid profile 
(Table 1). The results agree with the previous report 
of Bello et al. (2017), who documented protective 
effects of plant extract against atherosclerosis and 
other cardiovascular disorders. The ethanol extract 
of rhizomes of Z. officinale may haveinterfered 
with cholesterol uptake in intestine (Oladele et 
al.2017). 

In the result of antioxidant (Figure 4.3 to 4.7), 
the activities of GSH,CAT,GPx and SOD show 
marked elevation at the end of the experiment in all 
ethanol extract of rhizomes of Z. officinale treated 
groups compared to the control. Ajith et al. (2017) 
suggested that the hepatoprotective effect of 
ethanol extract of rhizomes Z. officinale may be 
mediated either by enhancing hepatic antioxidant 
(GSH and SOD) or due to its direct radical 
scavenging capacity.  It appeared that the ethanol 
extract of rhizomes Z. officinale reduced the 
oxidative stress as revealed from the increased 
activity of antioxidant biomarkers like CAT, SOD, 
GPx, and GSH in the extract treated groups. 

Lipid peroxidation may lead to the formation 
of several toxic products, such as malondialdehyde 
(MDA). Malondialdehyde level was significantly 
decreased in the groups treated with different doses 
of ethanol extract of rhizomes of Z. officinale 
compared to the control. This result agrees with 
Stoilova et al. (2017) whom confirmed that, the 
ethanol extract of rhizomes of Z. officnale is a 

-powerful free hydroxyl (OH ) scavenger, resulting 
in inhibiting lipid peroxidation in linoleic acid 
model system. These bioactive components have 
antioxidative and antiproliferative activities are 
also constituents of the Z. officinale extract used in 
the present study. Metformin is effective in 
reducing the level of oxidative stress factors by 

regulating the antioxidant system of the cell (Amin 
et al.2020).  confirmed that 
metformin attenuates the generation of oxygen 
reactive species and inhibits the opening of the 
mitochondrial membrane permeability transition 

2+
pore activated by cytosolic Ca , thereby preventing 
necrotic processes. 

CONCLUSION

Z. officinale used as whole plant supplement 
in HFHS diet ameliorated the studied bio-indicators 
of metabolic syndrome brought about by the high-
fat high-sucrose diets and supports the local 
application of the ethanol extract of the rhizomes of 
Z. officinale in the management of metabolic 
syndrome and possibly the incorporation of ginger 
an integral part of our diets.
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