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We investigated the effects of ethanolic ginger extract and L-carnitine on lipids and carbohydrates gene 
expression. Fifteen Wistar rats were divided into 3 groups (5 rats per group). Control group did not 
receive any treatment. L-carnitine group received L-carnitine in a dose of 100 mg/kg/day 
intraperitoneally (i.p). Gingerol group; received gingerol extract in a dose of 200 mg/kg/day (intr-gastric). 
All animal received their relevant doses for consecutive 20 days.  Blood and Tissues were collected for 
biochemical and gene expression. Serum biochemical analysis showed reduction of blood glucose, 
insulin, leptin, cholesterol, Triglycerides (TG), High density lipoproteins (HDL), Low density lipoprotein 
(LDL), and Very low density lipoproteins (VLDL). Both L-carnitine and Ginger extract upregulated the 
expression of lipid and glucose metabolizing enzymes such as carnitine palmitoyl transferase-I (CPT-I), 
hormone sensitive lipase (HSL), acyl-CoA oxidase (ACO) and glucose metabolizing enzymes 
hexokinase (HK), enolase, pyruvate kinase (PK) mRNA, insulin receptor substrate–I (IRS-1) and insulin 
receptor substrate–II (IRS-2) mRNA. The results of this study showed the hypolipidemic and 
hypoglycemic effect of ginger extract occurs through up-regulation of mitochondorial and peroxisomal β-
oxidation while that of L-carnitine occurs through mitochondorial β-oxidation induction only. Current 
findings confirmed that ethanolic extract of ginger acts as a potential for prevention and treatment of 
obesity and hyperglycemia. 
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INTRODUCTION 

An imbalance between energy intake and 
expenditure induce overweight, thus contributing 
to obesity and associated metabolic complications 
Ahmed et al., (2014).These conditions are mainly 
resulted from high calorie intake and low energy 
expenditure because of the increase in sedentary 
life styles especially in the developed and high 

income developing countries Ethanolic extract of 
ginger has been shown to reduce blood glucose 
levels in high fat diet rats Bartlett, Al-Amin et al., 
(2006) and to have hypoglycemic and 
hypolipidemic effects in diabetic rats Bartlett, K. 
and Eaton, S. (2004).and mice Beattie et al., 
(2011).Recently, (S)-[6]-Gingerol (the major 
phenolic component in ginger) was shown to 
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increase glucose uptake in L6 skeletal muscle 
cells Bhandari et al., (2005).It was demonstrated 
that ginger supplement improves fructose 
consumption-induced rat fatty liver Bopanna et al., 
(1997).and adipose tissue insulin resistance in 
rats Carmen, G.Y. and Victor, S.M. (2006). 
Chronic fructose consumption-induced kidney 
injury in rats was shown to be attenuated by 
ginger extract through suppressing renal over-
expression of pro-inflammatory cytokines Cong et 
al., (2008). 

L-carnitine is an essential nutrient that the 
bodies use it to convert fat into energy Dehghan 
et al., (2013). It acts as a carrier for fatty acids 
across the inner mitochondrial membrane for 
subsequent β-oxidation Eaton, S. (2002).Carnitine 
palmitoyl transferase-I (CPT-I), the mitochondrial 
gateway for fatty acid entry into the matrix, is the 
main controller of the hepatic mitochondrial β-
oxidation flux Gao et al., (2012). The down-
regulation of hepatic CPT-I was the crucial event 
in the pathogenesis of hepatic steatosis due to 
impairment in mitochondrial fatty acid oxidation 
Haemmerle et al., (2002).It was reported that 
cirsium setidens (a medicinal herb) inhibited 
hepatic fat accumulation by upregulating the 
expression of the fatty acid B-Oxidation genes as 
Carnitine palmitoyl transferase-I (CPT-I), and 
medium chain acyl-CoA dehydrogenase Harada 
et al .,  (2003).Increasing the cellular expression of 
CPT-I was demonstrated in vivo to stimulates fatty 
acid oxidation and substantially reduces the 
hepatic Triglycerol load on either a standard diet 
or high-fat diet Hoehn et al., (2008).Plasma 
glucose is centrally buffered in the liver either by 
net hepatic glucose utilization (HGU) or net 
hepatic glucose production (HGP) depending on 
the plasma glucose level exceeding or falling 
below a critical threshold value (set point) of 6 mM 
Jaworski et al., (2007).L-carnitine was shown to 
improve glucose tolerance and insulin sensitivity 
in animals as well as in healthy and diabetic 
patients Jiang et al., (2013), Jocken et al., (2007). 

The imbalance between energy intake and 
expenditure can cause overweight and predispose 
for the overweight associated health problems. 
Therefore the search for reducing the incidence 
and the different way for enabling the body to get 
rid of excess energy is urgent. Dietary 
supplementation with L-carnitine or Ginger extract 
is well known to have beneficial health effects in 
this respect.  However, the molecular mechanism 
through which ginger extract or L-carnitine could 
produce such beneficial effect is still in need for 
further elucidation. In this study we aimed to 

investigate the possible molecular pathways of 
ginger extract or L-carnitine effect that could 
improve blood glucose, decrease fat depot and 
increase the energy expenditure. 
 
MATERIALS AND METHODS 

Animals 
Fifteen adult male Wistar rats weighting 250-

300 grams (10-12 weeks old) were purchased 
from experimental animal center, Faculty of 
Pharmacy, King Saud University, Saudi Arabia. 
The animals were housed in the animal facility of 
the College of Science, Taif University, Saudi 
Arabia, at 22 °C and 55% humidity with 12-h 
light:12-h dark cycle. Rats were fed a standard 
pellet diet, and water ad libitum.  

Preparation of Ginger extract 
Ethanolic extract of ginger was prepared 
according to U. Bhandari et al Kayne, F.J. and 
Price, N.C. (1973).with slight modifications. 
Briefly, the fresh rhizomes of Zingiber officinale 
were locally purchased, sliced shade-dried, 
pulverized. The dried, coarsly powdered plant 
material was extracted with 96% ethanol. The 
solvent was evaporated at low temperature under 
vacuum to give a dry extract of 9.5% yield, w/w 
(with respect to the crude material) and dose 
equivalent to 200 mg of the crude extract per kg 
body weight, was calculated and suspended in 
2%, v/v Tween 20 solution for the experiments. 

Experimental design 
After one-week acclimatization, the rats were 

divided into three groups (5 per each). The first 
group used as a negative control received same 
volume of solvent of ginger extract (2% Tween 20 
solution orally once a day along with 0.5 ml of 
0.9% normal saline intraperitoneally (i.p) (vehicle 
of L-canitine). The second group injected L-
carnitine in a dose of 100 mg/kg/day i.p in 0.9% 
normal saline. The dose of L-carnitine was 
determined based on study of Dehghani et al. 
König, M., Bulik, S. and Holzhütter, H.G. 
(2012).The third group, ginger extract-treated 
group received ethanolic extract of Zingiber 
officinale (200 mg/kg/day orally) suspended in 2% 
Tween 20. Treatments were continued for 
consecutive 20 days. At the end of the 
experimental period, animals were anesthetized 
by diethyl ether, blood samples were collected 
from the medial canthus of the eyes on 
heparinized tubes, and plasma was prepared by 
centrifuging the blood samples and used for blood 
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chemistry assays. Tissue samples were collected 
from liver and snap frozen in liquid nitrogen then 
stored at -80 until used for RNA extraction. 

Biochemical analysis 
Plasma triacylglycerol (TAG), total cholesterol 

(TC), high density lipoprotein, (HDL), low density 
lipoprotein (LDL), very low density lipoprotein 
(VLDL) and glucose were measured, 
spectrophotometrically using specific commercial 
kits (HUMAN Gesells chaft für Biochemica  und 
Diagnosticam bH, Wiesbaden, Germany) 
according to manufacturer instructions.  Plasma 
levels of insulin and leptin were measured by 
ELISA using commercial kits (R&D, Inc., USA)  
according to the manufacturer’s instructions. 

RNA extraction, cDNA synthesis and Semi-
quantitative Ploymerase chain reaction (PCR) 

Total RNA was extracted from 100 mg of liver 
tissues using QIAzol lysis reagent 185 (QIAGEN 
Inc., Valencia, CA) according to the 
manufacturer's instructions and as detailed 
previously (20). Integrity of the prepared RNA was 
checked by electrophoresis. RNA concentration 
and purity were determined 
spectrophotometrically at 260 nm and 280 nm. 
The  ratio of the OD260/280 of all RNA samples 
was 1.7-1.9. Two μg RNA were reverse 
transcribed with oligo-dT primer and Moloney 
murine leukaemia virus Virus (M-MuLV) reverse  
transcriptase (SibEnzyme Ltd. AK, Novosibirsk, 
Russia) as previous described.) The resultant 
cDNA was preserved at -20°C until used. 

The mRNA expression of some genes 
involved in glucose and lipid metabolism was 
examined by Semi-quantitative PCR using  
specific primers of these genes (table 1). Of these 
examined genes, are Carnitine palmitoyl 
transferase-I (CPT-I), hormone sensitive lipase 
(HSL), acetyl CoA oxidase (ACO), Pyruvate 
kinase (PK), enolase,  hexokinase (HK), insulin 
receptor substrate 1 (ISR-1) and insulin receptor 
substrate 2 (ISR-2). The used primers were 
designed using Oligo-4 computer program and 
nucleotide sequence published in Genebank 
(Table1) and synthesized by Macrogen 
(Macrogen Company, GAsa-dong, Geumcheon-
gu. Korea. PCR was conducted in a final volume 
of 25 µl consisting of 1 µl cDNA, 1 µl of 10 
picomolar of each primer (forward and reverse) 
and 12.5 µl PCR master mix (Promega 
Corporation, Madison, WI). The final volume was 
brought to 25 µl using sterilized, nuclease-free 
deionized water. PCR was carried out using a 

PeX 0.5 thermal Cycler with the cycle sequence of 
denaturing at 94 °C for 5 minute for one cycle, 
followed by 22-35 cycles (Table 1) cycles each of 
which consisted of denaturation at 94 °C for one 
minute, annealing at the specific temperature 
corresponding to each primer (Table 1) and 
extension at 72 °C for one minute with an 
additional cycle as a final extension at 72 °C for 5 
minutes. As a reference, expression of 
glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) mRNA was tested using specific 
primers (Table 1). PCR products were 
electrophoresed on 1% agarose (Bio BAsic INC. 
Konrad Cres, Markham Ontario) gel in TE (Tris-
EDTA) buffer at 100 volt for 30 minutes with 
ethidium bromide staining.  PCR products were 
visualized under UV light and photographed. The 
intensities of the bands were quantified 
densitometerically using NIH image program 
(http://rsb.info.nih.gov/nih-image. 

Statistical analysis 
Present data are expressed as means ± 

standard errors of means (SEM) for different 5 
rats per treatment. Fischer’s post hoc test and 
ANOVA were used for this statistical analysis, with 
p < 0.05 being considered as statistically 
significant. 
 
RESULTS 

Biochemical findings 
Treatment of rats with ginger extract showed 

improvement of the glucose, insulin, leptin, 
cholesterol, TG, LDL,VLDL, and cholesterol ratio 
toward normal levels and were more efficiently 
than did L-carnitine.  

Effect of ginger extract and L-carnitine on 
hepatic expression of genes related to lipid 
metabolism  

Treatment of rats with ginger extract 
increased the expression of CPT-1 mRNA very 
clear higher than control. Moreover, treatment of 
rats with L-carnitine increased CPT-1 mRNA than 
control (Figure 1A). However, the induction of 
CPT-1 mRNA with ginger extract treatment was 6 
folds that of rats treated with L-carnitine. 
Treatment of rats with ginger extract increased 
HSL mRNA 3 folds of control. However, L-
carnitine increased the expression of HSL mRNA 
double folds of that of control (Figure 1B). 
Treatment of rats with ginger extract upregulated 
hepatic Acyl CoA oxidase mRNA expression 5 
folds that of control rats. Meanwhile L-carnitine 
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treatment obviously reduces ACO mRNA 
expression compared to control as seen in figure 

(1C). 

 
Table 1.  Conditions and sequence of primers used for semi-quantitative RT-PCR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1.  Semi-quantitative RT-PCR analysis of mRNA expression of CPT-1 (A), HSL (B) and ACO 

(C).  RNA was extracted and reverse transcribed (1 g) and RT-PCR analysis was carried out for 
CPT-1, HSL and ACO expression as described in materials and methods. Densitometric analysis 
was carried for 5 different rats per group. Data are means ± SEM for 3 independent experiments.  
Data are means ± SEM for 3 independent experiments. Values are statistically significant at * p< 
0.05 vs control. # p < 0.05 vs L carnitine. 
 

 
 
 
 

Gene Product size (bp) Annealing(ºC) Direction Sequence (5'-3') 

PK 229 52 
Sense ATTGCTGTGACTGGATCTGC 

Antisense CCCGCATGATGTTGGTATAG 

HSL 313 61 
Sense TGCCCAGGAGTGTGTCTGAG 

Antisense AGGACACCTTGGCTTGAGCG 

IRS-1 337 53.5 
Sense GCCAATCTTCATCCAGTTGC 

Antisense CATCGTGAAGAAGGCATAGG 

IRS-2 151 55 
Sense CTACCCACTGAGCCCAAGAG 

Antisense CCAGGGATGAAGCAGGACTA 

ACO 633 53 
Sense GCCCTCAGCTATGGTATTAC 

Antisense AGGAACTGCTCTCACAATGC 

CPT-1 628 52 
Sense TATGTGAGGATGCTGCTTCC 

Antisense CTCGGAGAGCTAAGCTTGTC 

Hexokinasee 304 58 
Sense GTAAGGAGTTGTTCGCAGTTCC 

Antisense CTATCCCAGGACAGCAAATGTT 

Enolase 278 55 
Sense ATCCTACTGCCAGAACTTCAC 

Antisense CCACAACATTCAGTTTCTTGCT 

PK 229 52 
Sense ATTGCTGTGACTGGATCTGC 

Antisense CCCGCATGATGTTGGTATAG 

GAPDH 309 52 
Sense AGATCCACAACGGATACATT 

Antisense TCCCTCAAGATTGTCAGCAA 
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Figure 2.  Semi-quantitative RT-PCR analysis of mRNA expression of of  HK (A),  α-enolase (B) and 

PK (C).  RNA was extracted and reverse transcribed (1 g) and RT-PCR analysis was carried out 
for of HK, α-enolase and PK expression as described in materials and methods. Densitometric 
analysis was carried for 5 different rats per group. Data are means ± SEM for 3 independent 
experiments.  Data are means ± SEM for 3 independent experiments. Values are statistically 
significant at * p< 0.05 vs control. # p < 0.05 vs L carnitine. 
 

 
 
Figure 3. Semi-quantitative RT-PCR analysis of mRNA expression of IRS-1 (A),  IRS-2 (B).  RNA 

was extracted and reverse transcribed (1 g) and RT-PCR analysis was carried out for IRS-1 (A), 
IRS-2 expression as described in materials and methods. Densitometric analysis was carried for 5 
different rats per group. Data are means ± SEM for 3 independent experiments.  Data are means ± 
SEM for 3 independent experiments. Values are statistically significant at * p< 0.05 vs control. # p 
< 0.05 vs L carnitine 
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Effect of ginger extract and L-carnitine on 
hepatic mRNA expression of genes related to 
glucose metabolism 

Treatment of rats with either L-carnitine or 
ginger extract increased the expression of 
hexokinase mRNA (Figure 2A) than that of control 
by nearly the same levels.   

They also increased the expression of 
enolase mRNA 5 folds that of control. Treatment 
of rats with L-carnitine increased liver pyruvate 
kinase mRNA expression 4 folds (Figure 2B) 
compared to that of control. However, treatment 
with ginger extract had no effect on the hepatic 
expression of pyruvate kinase mRNA (Figure 2C). 
Either ginger extract or L-carnitine induced IRS-1 
(Figure 3A) more effectively than IRS-2 mRNA 
expression (Figure 3B). However the induction of 
IRS-2 was stronger with L-carnitine treatment than 
ginger extract treatment.  
 
DISCUSSION 

Mitochondrial β-oxidation pathway is a major 
route for NEFA degradation Lee et al., 
(2013).Carnitine palmitoyltransferase 1 CPT-1 is 
the rate-limiting enzyme that reflects the 
mitochondrial fatty acid β-oxidation activities Li et 
al., (2012).CPT-1 mRNA induction by ginger 
ethanolic extract may explain its hypolipidaemic 
effects in diabetic rats Bartlett, K. and Eaton, S. 
(2004).and in diabetic mice reported Beattie et al., 
(2011).The up-regulation of β-Oxidation genes as 
CPT-I, and medium chain acyl-CoA 
dehydrogenase expression was described to be 
the mechanism through which the herbal medicine 
crisium setidens inhibited hepatic fat accumulation 
Haemmerle et al., (2002).CPT-I mRNA induction 
in response to ginger ethanolic extract treatment 
is considered to be a new mechanism to explain 
its hypolipidemic and anti-obesity. Parallel with 
this, phytochemicals from ginger rhizomes 
diminished obesogenesis in C57BL/6 mice fed a 
high-fat diet, and was assumed to be through 
increasing energy expenditure Li, et al., (2013). 
HSL determines the rate-limiting step to complete 
lipolysis through hydrolysis of diacylglycerol (DG) 
and monoacylglycerol into free fatty acids and 
glycerol . Mera, et al., (2014). Mingrone et al., 
(1999).HSL induction by ginger extract higher 
than that induced with L-carnitine, may explain its 
hypolipedimic and obesogenesis-diminishing 
effect Li, et al., (2013).HSL-KO mice were found 
to accumulate intracellular DG in adipose tissue, 
skeletal muscle, cardiac muscle, and testis 
Nammi, et al., (2009).and tend to have an 
enlargement of internal organs like liver, heart, 

pancreas, and spleen Noh et al., (2013).In the 
obese state, insulin resistance is associated with 
a reduction in HSL mRNA and protein in 
subcutaneous abdominal adipose tissue Nozawa 
et al., (2014).HSL protein level was reported to be 
reduced in obesity Ojewole, J.A. (2006).Its upper 
expression participated in reducing hepatic TG 
accumulation and was suggested to be potential 
therapeutic targets for treating fatty liver Pederson 
et al., (2005).Thus induction of HSL by ginger 
extract may imply its efficiency as a potential 
herbal therapy for adipogenesis 

Acyl-CoA oxidase (ACO) is the rate limiting 
enzyme that control peroxisomal β-oxidation 
Peluso et al., (2000).ACO mRNA expression 
upregulation by ginger extract indicate its ability to 
reduce hepatic fat accumulation through activation 
of peroxisomal β-oxidation also. Zerumbone (a 
herbal plant) was reported to increase hepatic 
lipid oxidation high fat diet-fed hamsters through 
CPT-I and ACO up regulation Poirier et al., 
(2006).The absence of ACO upregulation with L-
carnitine treatment may imply that L-carnitine 
protected liver from fat accumulation is mainly 
through activation of mitochondrial β-oxidation  

In the liver, hexokinase (HK) converts glucose 
into glucose-6-phosphatase Raju et al., (2001). 
Ray et al., (2009).While Pyruvate kinase (PK), a 
rate-limiting glycolytic enzyme, catalyzes the 
generation of pyruvate and ATP from 
phosphoenol pyruvate (PEP) Rebouche,  
(2004).And α-enolase is the glycolytic enzyme 
that catalyzes the production of 
phosphoenolpyruvate from 2-phosphoglycerate 
Reid et al., (2008).Ginger extract and L-carnitine 
induced hepatic HK, PK and α-enolase mRNA 
expression. Decreased level of HK in STZ-
induced diabetic inhibits glucose conversion into 
glucose-6-phosphate leading to 
hyperglycemia Renjith and Rajamohan. (2012).PK 
is the most sensitive indicator of the glycolytic 
pathway and its insufficiency in the diabetic can 
share to cause decreased glucose utilization for 
energy production Stefanovic-Racic et al., (2008). 
Sun et al., (1991).Hepatic PK was found to be 
down regulated in alloxan-induced diabetic rats, 
Tamemoto, et al., (1994).Up regulation of hepatic 
HK, PK and α-enolase expression in our study 
indicate the ability of  ginger extract or L-carnitine 
to increase hepatic glycolysis and may explain the 
mechanism through which they exert their roles in 
glucose homeostasis  Bartlett, K. and Eaton, S. 
(2004). Jocken et al., (2007). 
Insulin receptor substrate IRS-1 and IRS-2 are the 
primary mediators of insulin-dependent 
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mitogenesis and glucose metabolism in most cell 
types Tzeng et al., (2013).IRS-1 is a key mediator 
of signaling events the insulin receptor Vats et al., 
(2003). Changes in its expression can affect 
insulin and glucose contents Wall, and Lopaschuk 
(1989) 

IRS-2 proteins in the skeletal muscle, adipose 
tissue, liver and leukocytes of obese cats showed 
lower expression levels than those in normal cat 
Wang et al., (2013).  Both IRS-1 and IRS-2 are 
decreased in the liver and skeletal muscle of 
ob/ob mice with type 2 diabetes Yang et al., 
(2014).Hepatic ISR-1/ISR-2 mRNA expression up 
regulation by L-carnitine or ginger extract 
treatment indicates their hypoglycemic effect 
occur through enhancement of insulin signaling 
pathway. Hyper adrenocorticism in dogs is 
associated with down regulation of IRS-1/2 
expression that was assumed to contribute in the 
insulin resistant Zolzaya, et al., (2014). Therefore, 
upregulation of IRS-1/2 expression could be the 
first steps in the signaling pathway of L-carntine or 
ginger-induced glycolysis for energy expenditure.  

CONCLUSION 
The current study clarified that ginger extract 

up-regulates the expression of hepatic 
mitochondorial and peroxisomal fatty acid β-
oxidation while L-carnintine up-regulates only the 
mitochondrial fatty acid β-oxidation.  Ginger 
extract and L-carnitine up regulated a concert of 
enzymes that play crucial role in glycolysis and 
energy expenditure. These results suggest that 
ethanolic extract of ginger can be helpful in 
treatment of obesity and hyperglycemia. 
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