
Abstract. – OBJECTIVE: Obesity, hyper-
glycemia and dyslipidemia, are major risk fac-
tors. However, natural therapies, dietary compo-
nents, and physical activity may effect on these
concerns. The aim of this study was to examine
the effect of aerobic exercise and consumption
of liquid ginger extract on lipid profile of Male
rats with a high-fat fed diet.

MATERIALS AND METHODS: 32 rats were ran-
domly divided into 4 groups: 1) aerobic exercise, 2)
Ginger extract, 3) combined aerobic exercise and
Ginger extract, and 4) the control. Subjects of the
first three groups received ginger extract via gav-
age feeding of 250 mg/kg. The exercise program
was 3 sessions per week on 3 different days over 4
weeks. Total cholesterol (TC), Triglyceride (TG),
HDL and LDL were measured 24-h before the first
session and 24-h after the final training session.

RESULTS: The concentration of TG in the con-
trol group was significantly higher than other
groups. In addition, the mean concentration of
TG in the aerobic exercise group was signifi-
cantly lower than Ginger extract group but there
was no significant difference as compared to
combined aerobic exercise and ginger extract
group. The combination of aerobic exercise and
ginger consumption significantly reduced the
TG level compared to ginger group. TC and LDL
concentrations were significantly decreased in
all groups compare to control. The combination
of aerobic exercise and ginger extract feeding
caused a significant increase in HDL levels.

CONCLUSIONS: The finding of this study sug-
gests that the combination of aerobic exercise
and liquid ginger extract consumption might be
an effective method of reducing lipid profiles,
which will reduce the risk of cardiovascular dis-
eases caused by high-fat diets. 
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Introduction

Dyslipidemia is defined as a metabolic disorder,
which is characterized by increased levels of serum
lipoproteins. It is one of the major causes for coro-
nary heart disease (CHD) and has been identified
as the leading cause of death worldwide1. Apart
from genetic reasons, dyslipidemia is usually asso-
ciated with reduced physical activity. Recent stud-
ies have shown that physical activity, particularly
aerobic exercise, can increase HDL cholesterol
(HDL-C) and reduce the ratio of total cholesterol
(TC) to HDL-C2. This issue represents an improve-
ment in the lipid profile by the effect of aerobic ex-
ercise and can reduce the risk of cardiovascular
disease3. Alternative medicine and natural thera-
pies have gained popularity in recent years and
many scientists have shown interest in traditional
herbal medicine. This is due to their alleged effec-
tiveness, minimal side effects in clinical trials and
relatively low costs4. 

Zingiber officinale or better known as Ginger
belongs to the Zingiberaceae family. So far, nu-
merous studies have been conducted and investi-
gated on ginger and its therapeutic effects in the
treatment of several diseases. Numerous medici-
nal properties of ginger, including anti-inflam-
matory, antioxidant, antiplatelet, blood sugar and
fat loss, prevention of cardiovascular disease, an-
ticancer activity, nausea and vomiting have been
investigated5-7. Also, ginger has been proposed as
a hypolipidemic agent in rabbits fed with high
cholesterol diet8, and it is shown that by increas-
ing the activity of liver enzyme, cholesterol 7 al-
pha-hydroxylase, the biosynthesis of bile acid is
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increased in rats which results in cholesterol re-
moval from the body9-11. Also, ginger reduces the
level of cholesterol and triglycerides in fructose-
induced hyperlipidemia rats10. Moreover, ginger
has significant effects on fat loss in patients with
hyperlipidemia12.

A great number of researches imply that reg-
ular moderate exercising can prevent the devel-
opment and advancement of atherosclerosis.
This in turn improves levels of dyslipidemia
and reduces symptoms of cardio vascular dis-
eases. Regular exercising results in maintenance
of body weight, control of blood pressure, in-
sulin resistance and dyslipidemia manage-
ment13. Physical activity has multiple benefits,
which are related to the intensity and duration
of the exercise. It has been shown that moderate
physical activity has improved life expectancy
by 1.5 years in men and women14. Regular
physical exercise has shown to improve all pa-
rameters of dyslipidemia including TGs, HDL
and LDL. Leon and Sancher15 reported that
physical activity increases HDL by 4.6% and
decreases TGs and LDL by 3.7 and 5% respec-
tively. There is abundance in literature of the
benefits of exercising coupled with nutrients in
reducing levels in lipid profiles. For instance it
has been shown that tocotrienol rich fractions of
palm oil were able to reduce total cholesterol
and LDL by 22 and 55% respectively in female
chickens16. Rats fed with tocotrienol rich frac-
tions showed a significant decline of 30% in to-
tal cholesterol and 67% in LDL17.

In view of that, this study was designed to in-
vestigate the effects of ginger consumption and
aerobic exercising on lipid profiles of rats fed
with a high-fat diet. The lipid profile was mea-
sured via observing changes in triglyceride (TG),
total cholesterol (TC), low-density lipoprotein
(LDL) and high-density lipoprotein (HDL).

Materials and Methods

Experimental animals and ethical aspects
In this work , 50 days old male Sprague-Daw-

ley rats (n=32) were used. The rats were pur-
chased from Stem cells and transgenic Technolo-
gy Research Center, Shiraz University of Med-
ical Sciences (Shiraz, Iran). The rats were kept in
standard polycarbonate cages with stainless steel
mesh ceiling under controlled conditions of hu-
midity (65±5%) and temperature (25±2°C) with
alternating 12-h cycles of light (08:00-20:00) and

darkness (20:00-8:00). The rats were allowed to
adapt to the laboratory housing conditions for a
week prior to the experiment. Also 20 days be-
fore the experiments, the rats were subjected to
running exercises on a treadmill for an hour at 10
m/min at zero inclination to get familiarized. All
procedures involving animal experiments were
approved and carried out in in strict accordance
with the United States Institute of Animal Re-
search guidelines for the care and use of labora-
tory animals18, and was approved by the Animal
Care and Use Committee (ACUC) University
Malaya Institutional with ethics number:
FIS/22/11/2011/FD(R). Rats were randomly as-
signed into 4 groups of 8: 1) aerobic exercise, 2)
ginger extract, 3) combined aerobic exercise and
ginger extract, 4) control. Rats weighed 240±30
g at the beginning of the study and were weighed
again at the end of the first and fourth week. A
high fat diet was created by addition of (10 g/kg
of food) of liquid fat to the standard food. In ad-
dition, 2 ml of egg yolk was also administered by
oral gavage daily. 

Ginger Extract Preparation
The ginger roots were purchased from a local

market and identified by a botanist. The roots
were then cleaned, dried and powdered with a
grinder. The powder (100 g) was then added
with 400 ml of distilled water and the mixture
was incubated at room temperature for 24-h af-
ter which the solution obtained was filtered
(Whatman® no. 42). An additional 400 ml of
distilled water was added to the residues and
then incubated at room temperature for 12 hrs.
The solution was filtered and pooled with the
previous solution obtained. The resulting water
extract was then subjected to evaporation with a
rotary evaporator preset to 90-rpm and 50°C.
This reduced the volume to one third and the fi-
nal extract was placed in a 50°C oven for a few
days to further concentrate the extract to pow-
der level. The resulting powder was weighed
and dissolved in distilled water to a concentra-
tion of 250 mg/ml. The extract was kept at 4°C
and was used later in the animal studies. 

The Training Program
Aerobic exercise was used to train the rats

within four weeks. The rats were trained to run
on a treadmill three times a week for 25, 35 and
45 minutes on each day. The speed of the tread-
mill was set to 18, 20, 22, and 24 m/min on week
one, two, three and four. 
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Blood Analysis
Blood samples were collected in two stages:

24-h prior to the first training session and 24-h af-
ter the last session in week 4. The plasma was sep-
arated by centrifugation and measured for triglyc-
eride (TG), cholesterol (TC), total LDL and HDL. 

Lipid Profile Analysis
Total serum cholesterol was measured using

an enzymatic colorimetric method (CHOD-
PAP) for single-point measurement through a
photometric method using Pars AZ moon kits
(Tehran, Iran). 

HDL-cholesterol and triglyceride concentra-
tions in the serum were evaluated by enzymatic
colorimetric method at sensitivity of 1mg/dL and
CV less than 4.5% and 5 mg/dL and CV less
than 4% using Ziest Chemie kits (Tehran, Iran).
Also, LDL-cholesterol serum concentrations
were calculated using the Friedewald formula
(LDL = Total - C-HDL - (TG/5)).

Statistical Analysis
The SPSS 18.0 program was used for statisti-

cal analysis of this study (SPSS, Inc., Chicago,
IL, USA). Two-way analysis of variance was
used in in different groups and times of the ex-
periment. In addition, Pearson correlation coeffi-
cient was used to determine the correlation be-
tween triglycerides, total cholesterol, LDL, HDL,
and body weight.

Results

The findings show a significant decrease in the
levels of TG in the exercise and exercise-ginger
groups (Table I). There was a 2 fold and 2.5 fold
decreases in TG, respectively which were signifi-
cantly lower as compared to the ginger group.
Total cholesterol was also significantly de-
creased in the exercise, exercise-ginger and gin-
ger groups but the exercise-ginger group had the
highest decrease of about 1.5 fold. The results
showed a significant decrease in low density
lipoproteins (LDL) in all groups of exercise, ex-
ercise-ginger and ginger. Among the three
groups, the LDL of the exercise-ginger group
was halved which showed a higher decrease in
LDL. The high density lipoprotein (HDL) was
significantly increased for the exercise and the
exercise-ginger groups. This increase was ob-
served higher in the exercise-ginger group. In ad-
dition, significant direct correlations between Ta
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changes on weight and TG (r=0.694, p=0.000),
LDL (r=0.627, p=0.000) and HDL (r=0.438,
p=0.014) was observed. While, this was not sta-
tistically significant in correlation with TC
(r=0.004, p=0.498).

Discussion 

The finding of this study suggests that aerobic
exercise for 4 weeks significantly  reduced
the blood concentration of triglycerides (TG), to-
tal cholesterol (TC), and low-density lipoprotein
cholesterol (LDL) in male Sprague-Dawley rats.
These findings are supported by other research
that has shown the TG, LDL-C and TC levels are
reduced by exercising in obese men19. However,
the reason for this reduction is not entirely clear
and may be due to the changes occurring in the
metabolism of triglycerides and lipoproteins dur-
ing aerobic exercise20. Another work demonstrat-
ed that plasma lipoprotein lipase (LPL) and he-
patic lipase  (HL) which use more TG were in-
creased with aerobic exercise21.

Nevertheless, the findings are inconsistent
with the research of Motoyama et al22 which
showed that, TG and LDL cholesterol did not
significantly change with aerobic training and
detraining in adult male and female. Animal
model was used in this study to better control the
independent variables and other factors such as
food, sleep and wakefulness, environmental con-
ditions (temperature and humidity), and training
intensity and volume. A recent paper15 showed
that despite a 17% in the VO2max of the partici-

pants, the HDL did not increase significantly. In
addition, aerobic exercise showed no difference
in HDL levels of sedentary overweight women
before and after menopause23. 

In this report, no significant difference was
seen in the body weight of the subjects before
and after the training program. In a study con-
ducted by Marques et al24 a significant increase
in body weight been observed in the subjects af-
ter the assessment which included aerobic exer-
cising. Thus, there were no relationships between
body composition, aerobic endurance and lipid
profiles. Duration and intensity of the physical
exercise could also be responsible in levels of
HDL. In one study20, moderate endurance exer-
cise, regardless of the duration of the training,
caused no significance change in the subject’s
lipid profiles. However, it was shown25 that high
intensity aerobic activity resulted in improve-
ments in HDL levels. It is suggested that an in-
tensity threshold may exist for aerobic exercising
which will cause effective changes in HDL lev-
els26. In this study, this threshold may not have
been reached during the training program hence
lesser effectiveness in HDL levels was observed.

The data obtained from this research  suggests
that ginger extract caused a reduction in TG, TC
and LDL with slight increment in HDL levels.
These results were consistent with Fuhrman et
al27 and Abd-Elraheem et al8. In addition,
methanol extracts of ginger have been shown ef-
fective in lowering cholesterol levels in rabbits26.
Ginger has also been proven to reduce lipid pro-
files significantly in atherosclerosis subjects28. It
was also shown that feeding fructose-induced hy-

Figure 1. Changes in body weight (g) before and after the experiment.



perlipidemic rats with ginger extract reduced
their serum cholesterol and TG levels10. Ethanol
extracts of ginger have shown to reduce total
cholesterol and TG in blood serum29. This could
be due to the presence of (E)-8 beta, 17-epoxyl-
labed-12-ene-15,  16-dial, which is a compound
isolated from ginger, that inhibits the biosynthe-
sis of cholesterol in liver of hypercholesterolemic
mice27. Ginger increases the activity of liver en-
zyme cholesterol 7-alpha-hydroxylase, which is
the limiting enzyme in the biosynthesis of bile
acids, which results in removal of cholesterol
from the body26. Reduction of cellular choles-
terol biosynthesis is associated with increasing
activity of LDL receptors that leads to increase in
removal of plasma LDL which, results in reduc-
tion of plasma cholesterol concentrations8. 

The effective concentration of ginger extracts in
reducing lipid profiles has been already investigat-
ed. For instance, one study showed that consump-
tion of 1 g of ginger had no significant effect on
lipid profile and insulin sensitivity in obese men
but increasing the amount to 3 g showed hypolipi-
demic properties10. Some researcher26 suggests that
consumption of ginger (10% per body weight per
day) would have no immediate effect in the serum
cholesterol. In one report30, it was even shown that
consuming ginger for 3 months had no impact on
lipid profile and insulin resistance in patients with
coronary artery disease.

In this study combining aerobic exercise with
ginger extract consumption for 4 weeks proved
to be the most effective method in decreasing
levels of TG, TC and LDL significantly, while
HDL was increased by 1.5 fold. It has been
shown that ginger supplementation with resis-
tance training, significantly reduced total choles-
terol in obese men31. Other factors that may in-
fluence the uptake of ginger extracts by the sub-
jects include nutrition, stress levels, and genetics,
which result in total cholesterol changes3,19. 

The weights of the rats in this work were slight-
ly increased at the end of the study, which could be
due to the increase in HDL levels. Several authors
suggest a significant relation between changes in
body weight and lipid-lipoprotein responses to aer-
obic exercise32. Obesity, especially visceral obesi-
ty, is correlated with increased concentrations of
free fatty acids (FFA) and inversely related to glu-
cose and lipoprotein metabolism. This includes the
development of insulin resistance, an increase in
production of TG-rich very low-density lipopro-
teins  (VLDL), and reduction in HDL particles.
Therefore, it seems that the effect of aerobic exer-

cise on HDL-C levels depends on the initial body
weight and the distribution of localized fat de-
posits, duration and intensity of aerobic exercise,
and the presence or absence of weight loss19. Also
type of exercise being aerobic or resistant may al-
ter lipid profile in different ways3,20. 

Conclusions

Our findings suggest that aerobic exercise cou-
pled with ginger extract consumption synergistical-
ly affect lipid profile in high fat diet fed rats. We    
suggest several improvements in obtaining the de-
sired results. A purified fraction of the ginger ex-
tract could be used for future studies and also ef-
fect of resistant exercise on lipid profiles could al-
so be studied further.

––––––––––––––––––––––––––––––––
Declaration of Funding Interests
This paper was funded by the University of Malaya Re-
search Fellowship Program with grant no: BKP065-2015.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) DUAN L, ZHAO G, JI B, CAO Y, CHEN X. Effect of
crude-herb moxibustion on blood lipids in rats
with dyslipidemia. J Traditional Chinese Medical
Sci 2015; ??: ??-??.

2) XIAO T, FU Y. Resistance training vs. aerobic train-
ing and role of other factors on the exercise ef-
fects on visceral fat. Eur Rev Med Pharmacol Sci
2015; 19: 1779-1784.

3) ATASHAK S, PEERI M, JAFARI A, AZARBAYJANI MA. Ef-
fects of ginger supplementation and resistance
training on lipid profiles and body composition in
obese men. J Med Plants Res 2011; 5: 3827-
3832.

4) VALIATHAN M. Healing plants. Curr Sci 1998; 75:
1122-1127.

5) MANNEM P. Protective effects of ginger extract against
lead induced hepatotoxicity in male albino rats. J En-
viron Sc Toxicol Food Technol 2014; 8: 53-59.

6) KUN-HUA W, JIAN-HUA M, HE-PING H, SHAN-LIN G.
Generation of autotetraploid plant of ginger (Zin-
giber officinale Rosc.) and its quality evaluation.
Pharmacogn Mag 2011; 7: 200.

7) GIACOSA A, MORAZZONI P, BOMBARDELLI E, RIVA A, POR-
RO GB, RONDANELLI M. Can nausea and vomiting
be treated with ginger extract? Eur Rev Med
Pharmacol Sci 2015; 19: 1291-1296.

1621

Ginger extract and aerobic training reduces lipid profile in high-fat fed diet rats 



1622

8) ELSHATER A, SALMAN MM, MOUSSA MM. Effect of gin-
ger extract consumption on levels of blood glu-
cose, lipid profile and kidney functions in alloxan
induced-diabetic rats. Egyptian Acad J Biol Sci
2009; 2: 153-162.

9) MATSUDA A, WANG Z, TAKAHASHI S, TOKUDA T, MIURA

N, HASEGAWA J. Upregulation of mRNA of retinoid
binding protein and fatty acid binding protein by
cholesterol enriched-diet and effect of ginger on
lipid metabolism. Life Sci 2009; 84: 903-907.

10) KADNUR SV, GOYAL RK. Beneficial effects of Zingiber
officinale Roscoe on fructose induced hyperlipi-
demia and hyperinsulinemia in rats. Ind J Exp Bi-
ol 2005; 43: 1161.

11) MAHMOUD R, ELNOUR W. Comparative evaluation of
the efficacy of ginger and orlistat on obesity man-
agement, pancreatic lipase and liver peroxisomal
catalase enzyme in male albino rats. Eur Rev
Med Pharmacol Sci 2013; 17: 75-83.

12) ALIZADEH-NAVAEI R, ROOZBEH F, SARAVI M, POURAMIR M,
JALALI F, MOGHADAMNIA AA. Investigation of the effect
of ginger on the lipid levels. A double blind con-
trolled clinical trial. Saudi Med J 2008; 29: 1280-
1284.

13) MARON BJ, CHAITMAN BR, ACKERMAN MJ, BAYÉS DE LU-
NA A, CORRADO D, CROSSON JE, DEAL BJ, DRISCOLL

DJ, ESTES NA 3RD, ARAÚJO CG, LIANG DH, MITTEN

MJ, MYERBURG RJ, PELLICCIA A, THOMPSON PD, TOWBIN

JA, VAN CAMP SP; Working Groups of the American
Heart Association Committee on Exercise, Car-
diac Rehabilitation, and Prevention; Councils on
Clinical Cardiology and Cardiovascular Disease
in the Young. Recommendations for physical ac-
tivity and recreational sports participation for
young patients with genetic cardiovascular dis-
eases. Circulation 2004; 109: 2807-2816.

14) FRANCO OH, DE LAET C, PEETERS A, JONKER J, MACKEN-
BACH J, NUSSELDER W. Effects of physical activity on
life expectancy with cardiovascular disease. Arch
Intern Med 2005; 165: 2355-2360.

15) LEON AS, SANCHEZ OA. Response of blood lipids to
exercise training alone or combined with dietary
intervention. Med Sci Sports Exerc 2001; 33:
S502-S515.

16) SUZANNE GY, THOMAS AM, GAPOR A, TAN B, QURESHI

N, QURESHI AA. Dose-response impact of various
tocotrienols on serum lipid parameters in 5-week-
old female chickens. Lipids 2006; 41: 453-461.

17) IQBAL J, MINHAJUDDIN M, BEG Z. Suppression of 7,
12-dimethylbenz [α] anthracene-induced carcino-
genesis and hypercholesterolaemia in rats by to-
cotrienol-rich fraction isolated from rice bran oil.
Eur J Cancer Prev 2003; 12: 447-453.

18) BARTHOLD SW, BAYNE K, DAVIS M. Guide for the care
and use of laboratory animals: Washington: Na-
tional Academy Press, 2011.

19) NICKLAS BJ, KATZEL LI, BUSBY-WHITEHEAD J, GOLDBERG

AP. Increases in high-density lipoprotein choles-
terol with endurance exercise training are blunted
in obese compared with lean men. Metabolism
1997; 46: 556-561.

20) TAMBALIS KD, PANAGIOTAKOS DB, KAVOURAS SA, SIDOS-
SIS LS. Responses of blood lipids to aerobic, resis-
tance, and combined aerobic with resistance ex-
ercise training: a systematic review of current evi-
dence. Angiology 2009; 60: 614-632.

21) PETIBOIS C, DÉLÉRIS G. Alterations of lipid profile in
endurance over-trained subjects. Arch Med Res
2004; 35: 532-539.

22) MOTOYAMA M, SUNAMI Y, KINOSHITA F, IRIE T, SASAKI J,
ARAKAWA K, KIYONAGA A, TANAKA H, SHINDO M. The
effects of long-term low intensity aerobic train-
ing and detraining on serum lipid and lipopro-
tein concentrations in elderly men and women.
Eur J Appl Physiol Occup Physiol 1995; 70:
126-131.

23) BEHALL KM, HOWE JC, MARTEL G, SCOTT WH, DOOLY

CR. Comparison of resistive to aerobic exercise
training on cardiovascular risk factors of sedentary,
overweight premenopausal and postmenopausal
women. Nutr Res 2003; 23: 607-619.

24) MARQUES E, CARVALHO J, SOARES J, MARQUES F, MOTA

J. Effects of resistance and multicomponent exer-
cise on lipid profiles of older women. Maturitas
2009; 63: 84-88.

25) STEIN RA, MICHIELLI DW, GLANTZ MD, SARDY H, CO-
HEN A, GOLDBERG N, BROWN CD. Effects of different
exercise training intensities on lipoprotein choles-
terol fractions in healthy middle-aged men. Am
Heart J 1990; 119: 277-283.

26) BHANDARI U, PILLAI K. Effect of ethanolic extract of
Zingiber officinale on dyslipidaemia in diabetic
rats. J Ethnopharmacol 2005; 97(2 Pt 1): 227-230.

27) FUHRMAN B, ROSENBLAT M, HAYEK T, COLEMAN R, AVI-
RAM M. Ginger extract consumption reduces plas-
ma cholesterol, inhibits LDL oxidation and attenu-
ates development of atherosclerosis in athero-
sclerotic, apolipoprotein E-deficient mice. J Nutr
2000; 130: 1124-1131.

28) FUHRMAN B, ELIS A, AVIRAM M. Hypocholesterolemic
effect of lycopene and β-carotene is related to sup-
pression of cholesterol synthesis and augmentation
of LDL receptor activity in macrophages. Biochem
Biophys Res Commun 1997; 233: 658-662.

29) BORDIA A, VERMA S, SRIVASTAVA K. Effect of ginger
(Zingiber off icinale Rosc.) and fenugreek
(Trigonella foenumgraecum L.) on blood lipids,
blood sugar and platelet aggregation in patients
with coronary artery disease. Prostaglandins
Leukot Essent Fatty Acids 1997; 56: 379-384.

30) WILLIAMS PT, KRAUSS RM, VRANIZAN KM, WOOD P.
Changes in lipoprotein subfractions during diet-in-
duced and exercise-induced weight loss in mod-
erately overweight men. Circulation 1990; 81:
1293-1304.

31) ATASHAK S, PEERI M, AZARBAYJANI MA, STANNARD SR,
Haghighi MM. Obesity-related cardiovascular risk
factors after long-term resistance training and ginger
supplementation. J Sports Sci Med 2011; 10: 685.

32) BJÖRNTORP P. Fatty acids, hyperinsulinemia, and
insulin resistance: which comes first? Curr Opin
Lipidol 1994; 5: 166-174.

M. Khosravani, M.A. Azarbayjani, M. Abolmaesoomi, A. Yusof, N. Zainal Abidin, et al.


