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O R I G I N A L  A R T I C L E

INTRODUCTION

Diabetes mellitus is a common disorder, characterized by 
chronic hyperglycemia,[1] also hypothyroidism is the most 
common disorder of  thyroid function and it can be divided 
into primary hypothyroidism and central hypothyroidism,[2] 
while ginger Zingiber officinal roscoe is a perennial herb that 
belongs to the Zingiberaceae family,[3] its rhizome has a great 
medical value and wide common use for gastrointestinal 
disorders,[4] and for its anti-inflammatory effect.[5] A lot of  

research were done to clarify ginger’s effect on lipid profile 
[total cholesterol (TC), low density lipoprotein (LDL), high 
density lipoprotein (HDL), triglycerides (TG)].[6] Ginger’s 
effect on glucose and lipid metabolism in both liver and 
blood was investigated,[4] effects of  ethanolic ginger extract 
on rabbits with hyperlipidemia[7] was also studied, ginger 
extract showed an ability of  lowering liver cholesterol and 
cholesterol oxidation in E0 rats.[8] In 2003 ZT{[E]-8b, 
7-epoxylabd-21-ene-15,16-dial} was isolated from ginger, 
ZT can inhibit the HMG-Co-A reductase which determines 
the rate of  cholesterol biosynthesis,[9] in 2006 Al-Amin 
declared that ginger decreased glucose and lipids in  
STZ-induced diabetic rats.[10] Finally, ginger effect on lipid 
profile in human is studied in 2008.[11] Moreover, ginger 
seems to interfere with the thyroid function,[12] but only a 
little research study ginger’s effect on thyroid function, also 
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Background: Diabetic mellitus and hypothyroidism lead to serum lipoproteins disorders. This 
study aims to investigate the potential effect of fresh ginger extracts Zingiber officinale roscoe 
(Family: Zingebiraceae) on serum lipid profile and on blood glucose in alloxan-induced diabetes 
and propylthiouracil-induced hypothyroidism in rats. Rats were divided into 11 groups: The 
normal G1, diabetic control rats G2, ginger 500 mg/kg treated diabetic rats G3, 10 mg/day 
atorvastatine-treated diabetic rats G4, [5 mg/day atorvastatine combined with 500 mg/kg 
ginger] treated diabetic rats G5, glibenclamid-treated diabetic rats G6, hypothyoidism control rats 
G7, 300 mg/kg ginger-treated hypothyroidism rats G8, 500 mg/kg ginger-treated hypothyroidism 
rats G9, 10 mg/day atorvastatine-treated hypothyroidism rats G10, [atorvastatine combined 
with 500 mg/kg ginger]treated hypothyroidism rats G11. Thirty days after treatment, samples 
were collected, to compare treated groups with normal and control groups, using Mann-
Whitney U test P < 0.01. Results: It revealed a decrease in the levels of total cholesterol (TC), 
and low density lipoprotein (LDL) in the serum of rats that were treated by ginger extracts, 
compared with the control groups. Previous extracts were also able to cause reduction in LDL 
to similar levels compared to normal group and that was the same effect of atorvastatin 10 
mg/day. Combined effect was clear between the act of ginger at a dose of 500 mg/kg and 
atorvastatin; that levels of both TC and LDL in animals which received [atorvastatin 5 mg/day 
combined with ginger extract] was almost equal to levels in animals that received atorvastatin 
10mg/day. Clear reduce in triglyceride, and clear increase in high density liopprotein were 
also recorded in the ginger-treated groups. Ginger was more active in hypothyroidism rats 
than in diabetic rats in reducing LDL and TC. Glucose levels were substantially reduced in 
ginger- treated diabetic groups.
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in our knowledge no research was conducted about ginger’s 
effect lipid profile in hypothyroidism cases in vivo nor study 
ginger’s combined effect with atorvastatine.

This study aims to : investigate the action of  fresh ginger 
extracts in two doses 300 mg/kg, 500 mg/kg orally on 
the lipid profile and glucose blood levels in rats with 
hypercholesterolemia due to two causes: Alloxan-induced 
diabetes mellitus and [6-n-propylthiouracil] propylthiouracil 
(PTU)-induced hypothyroidism and investigate the 
combined effect between ginger and atorvastatin then 
compare between ginger effectiveness on both rat models 
and study the dose-dependent action in two doses of  
300,500 mg/kg in hypothyroidism rats.

MATERIALS AND METHODS

Materials
Methanol (Merck®) [Germany], alloxan monohydrate 
(Fluka®) [Argentine], glibenclamid (Thamico Drugs 
Industry®) [Syria], atorvastatin (Al-Fares Drugs Dawliya 
Drugs Industry® ) [Jordan], kits of  HDL, LDL, TG, TC, 
purchased from Medison. Ltd®. [Syria], kits of  glucose 
from Roche® [Germany], standardized ginger extract for 
High-performance thin layer chromatography (HPTLC) 
from Universal Medicament Pvt. Ltd.® Nagpur, [India].

Apparatus
Rotary vapor (Push RE 111®) [Germany], electric grinder, 
silk filtration, CAMAG HPTLC Scanner III® [Duetchland], 
centrifugator Eppendrof  S810R® [Germany], automatic 
biochemical analyzer Olympus AU400® [USA],  
Accu-check active® blood glucose meter device with its 
stripes [Germany].

Plant extracts
Ginger was obtained from local market then was identified 
by the herbarium staff  of  Botany department, Damascus 
University, Syria.

It was peeled, crushed and extracted by cold percolation 
in methanol for 24 hours. The extract was recovered and 
methanol was further added to the plant material and the 
extract was continued, the process was repeated three times, 
the three extracts were pooled together and concentrated 
under reduced pressure (22-26 mmHg) at (45°) C using 
rotary vapor until the oleoresin was obtained[13] the 
golden brawny viscous oleoresin was maintained in dark 
glass-container, at (–4°) C until use.

Animals
A total of  88 male Wistar rats at the age of  8 weeks and 
weight of  200-250 g from Leen. Ltd. Company [Damascus], 
were housed in standard conditions in air-conditioned 

room at (22°) C, 55% humidity, and 12 hours day-light 
circle. Rats were fed with normal diet and water ad libitium 
in the [experimental animals house] in Faculty of  Pharmacy 
in University of  Damascus.

PROCEDURES

Experimental protocol
In the first step, eight rats were separated to be normal 
group which were called group (1) then rats were divided 
into two groups to induce hypercholesterolemia by the 
following two ways:

(a)	 Inducing diabetes mellitus: Diabetes was induced in 
(12) hours fasted rats by single dose of  intraperitoneal 
injection of  150 mg/kg body weight of  alloxan 
monohydrate, after the injection, animals had free 
access of  food and water, also after 6 hours of  
injection rats were given solution of  5% glucose to 
drink over night to avoid hypoglycemia shock. The 
diabetic state was assessed by measuring non-fasting 
plasma glucose levels after 72 hours of alloxan 
injection, rats with plasma glucose levels above 250 
mg/dL were accepted for experiment and considered 
as diabetics.[14]

(b)	 Inducing hypothyroidism: This was induced by adding 
PTU 3% (w/v) to the drinking water for 21 days[15] 
then serum LDL levels were measured and animals 
with LDL levels above 22 mg/dL were approved.

Diabetic rats were divided into five groups of  eight rats: 
Group (2): Control diabetic rats, group (3): Ginger 500 
mg/kg treated rats, group (4): Atorvastatin treated rats 
[equivalent to 10mg/day therapeutic dose in human 
(0.18mg)],[16] group (5): [Atorvastatin in half  of  previous 
dose combined with ginger extract 500mg/kg] treated 
rats, and group (6): Glibenclamid [equal to 10mg/day in 
human] treated rats.

Hypothyroidism group was also divided into four groups: 
Group (7): Control hypothyroidism rats, group (8): 300mg/
kg ginger-treated rats, group (9): 500mg/kg ginger treated 
rats, group (10): Atorvastatin treated rats, group (11): 
[atorvastatin at half  of  therapeutic dose combined with 
500 mg/kg ginger extract] treated rats.

All groups also received free diet and water ad libitium. The 
treatment lasted for 4 weeks.

Blood samples
At the end of  the 4th week, blood samples were collected 
by direct puncher in heart under light anesthetic, samples 
were collected in clean EDTA tubes, plasma was separated 
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by centrifugation, at (4°C) then animals were sacrificed 
under anesthetic.[17]

Biochemical analysis
By automatic analyzer Olympus AU400, using [LDL, HDL, 
TC, TG] kits which were purchased from Medision®, Syria, 
while glucose kits were purchased from Rouche.

Extracts standardization
By HPTLC[18] comparing to standard plant obtained 
from Universal Medicament Pvt. Ltd. using HPTLC 
scanner to determine the presence and quantities of  main 
Constituents. Figure 1 shows the peaks in the studied 
extract (left) compared to the standard one (Right). Peaks 
in both chromatograms have the same retention times.

Statistical analysis
Mann-Whitney U test was used to analyze data by using 
SPSS program; it showed differences between treated 
groups and each of  normal and control groups, it also 
clarified the effect size of  each material that was added to 
the treated groups.[19]

RESULTS

The results are divided into diabetic rats in Table 1 and 
hypothyroidism rats in Table 2. Every table includes the 
M and the SD of  each group.

Lipid profile
Diabetic rats: As shown in Table 1, alloxan produced 
significant hypercholesterolemic action that a significant 
increase in levels of  plasma TC and TG were recorded 
when compared to normal group. HDL levels were not 
statistically changed when compared to the normal group. 

Treatment with ginger produced significant reduction in 
LDL when compared to the control diabetic group. Also 
ginger caused significant increase in HDL compared to 
normal and diabetic control groups. Combined effect was 
clear between atorvastatin and ginger; that TC levels in 
[atorvastatin 5 mg/day combined with 500 mg/kg ginger 
extract] group, and [10mg/day atorvastatin] group were 
nearly equal.

Hypothyroidism rats: As shown in Table (2), PTU produced 
hypercholesterolemia that remarkable increase in TC and 
LDL plasma levels were recorded compared to the normal 
group, HDL levels was also increased. Treatment with 
ginger in two doses produced significant reduction in LDL 
and TC compared to control hypothyroidism group and 
this action was equal to atorvastatin action, that groups (8), 
(9), and (10) became similar to normal group. Combined 
effect was also clear; that LDL and TC levels in [10 mg/day 
atorvastatin] group and [atorvastatine 5mg/day combined 
with ginger] group were similar.

Ginger was more active in lowering cholesterol in 
Hypothyroidism rats.

Glucose
Administration of  ginger to diabetic rats reduced plasma 
glucose levels compared to diabetic control group, this 
action exceeded glibenclamid action, but it was not enough 
to reach normal group as shown in Table (1). In addition, 
no dose-dependent action for [300,500] mg/kg doses was 
noticed, but the effect size was more in the higher dose.

DISCUSSION

The present work was carried out to study the effect 

Figure 1: HPTLC High-performance thin layer chromatography chromatogram
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of  ginger extract as an antihypercholesterolemic agent 
in both diabetic and hypothyroidism male Wistar rats  
(in vivo). While ginger 500 mg/kg has similar effectiveness 
to atorvastatin 10 mg/day in hypothyroidism rats, it does 
not have the same effectiveness in diabetic rats, but there 
was a combined effect between ginger and atorvastatin 
in both rat models. The efficacy of  ginger may be due to 
the presence of  (ZT) compound that was isolated from 
ginger, which lowered plasma cholesterol levels in rats and 
mice by cholesterol biosynthesis blockage,[9] these results 
are compatible with the results of  previous research which 
applied ginger orally on high cholesterol fed rabbits to cause 
reduction in atherogenesis and lipid levels, by disruption 
of  cholesterol absorption from gastrointestinal tract.[7] 
Ginger’s effect may also be due to the pharmacological 
action of  ginger which elevates the activity of  hepatic 
cholesterol-7α-hydroxylase which is the rate-limiting 
enzyme in the biosynthesis of  bile acids and stimulates the 
conversion of  cholesterol to bile acids.[20] Moreover, ginger 
antihypercholesterolemic effect may be due to the inhibition 
of  cellular cholesterol synthesis,[21] this may be due to the 
presence of  niacin in ginger,[3] niacin causes increased 
clearance of  VLDL, lower TG levels, increase hepatic 
uptake of  LDL, and inhibition of  cholesterogenesis.[22,23] 

Aqueous ginger infusion 5% yielded nearly the same 
antioxidant activity toward lipid peroxidation as did the 
synthetic antioxidant butylhydroxyanizole , this may be 
due to the essential oil content.[24] Also this antioxidant 
activity may be due to the high polyphenols content[25] and 
the presence of  polyphenolic flavonoids prevents coronary 
artery disease by reducing plasma cholesterol levels or by 
inhibition LDL oxidation.[26] The main antioxidant active 

principles in ginger are the polyphenolic compounds 
which called gingerols and some related phenolic ketone 
derivatives.[3] The effect of  ginger could also be due to the 
inhibition or scavenging radicals of  rat body in different 
degrees,[27] or by increasing the antioxidative defense 
mechanisms of  liver cells.[28] When ginger was added to an 
animal diet, a considerable increase in the pancreatic and 
intestine lipase occurred; lipase is the other key factor that 
plays a vital role in fat digestion,[29] the previous activity 
of  ginger may be responsible for the TG reduction effect. 
The increase in HDL may occur because niacin causes 
reduction in the catabolic rate of  HDL,[30] research reported 
that consumption of  500 mg of  curcumin (a constituent 
of  ginger) by volunteers for 10 days induced an increase 
in HDL-c by 29%.[31] Observed ginger hypoglycemic 
action may be due to the inorganic part of  ginger which 
contains mainly mineral elements,[32] a number of  main 
minerals (Ca, Zn, Mn, and Cr) are known to be associated 
with the mechanisms of  insulin release and its activity in 
different animals and in human beings,[33] the potential 
antidiabetic activity is possibly involving 5-HT receptor.[28] 

On the other hand, ginger’s effect on hypothyroidism rats 
may be due to ginger stimulating action on thyroid gland 
that ginger must be avoided in women with subacute 
thyroiditis,[11] but this stimulating action may exceed ginger’s 
ameliorative action on diabetes mellitus so ginger’s effects 
on hypothyroidism rats was more. Actually, this point 
needs more research to be clear. In summary, results of  the 
present work demonstrate that the use of  ginger extract 
at dose of  [300,500] mg/kg has hypoglycemic effect and 
antihyperchoesterolemic effect, which has equal efficacy to 
atorvastatin in hypothyroidism rats. Also clear combined 

Table 1: Diabetic rats values
LDL  

(M±SD) mg/dL
HDL

(M±SD) mg/dL
TC

(M±SD) mg/dL
TG

(M±SD) mg/dL
Glucose

(M±SD) mg/dL
G3 Gin 500mg/kg 22±1.41 57.7±2.21 104.7±3.86 80.2±22.15 135.2±14.1
G4 Ato 10mg/d 14.2±2.20 42.7±3.09 80.5±11.15 69±4.69 297.5±58.2
G5 Ato 5mg/d+Gin500 15.7±2.98 57.7±9.91 92.2±14.95 42.2±11.52 160.75±18.2
G6 Glib 10mg/d 11.8±3.18 43.1±5.90 53.8±8.42 76.8±17.85 167.5±7.81
G1 No control 12±2.828 39.1±4.18 75±10.59 49.7±9.16 76±6.84
G2 dia control 29.8±5.56 37.7±7.26 96.1±17.33 99.2±18.31 328.2±96.4
Ato: atorvastatin; dia: diabetic; G:group; Gi: ginger extract; Glib: glibenclamid; M: mean; mg/d: mg/day No: normal ; SD: standard deviation; P ≤ 0.05. 
The values of hypothyroidism rats were recorded in Table (2)

Table 2: Hypothyroidism rats values
LDL(M±SD)mg/dL HDL(M±SD)mg/dL TC(M±SD)mg/dL TG(M±SD)mg/dL

G9 Gi 500 mg/kg 14.25±3.30 48.5±4.79 72.25±5.90 43.5±9.32
G8 Gi 300 mg/kg 16±5.57 40.37±9.28 79.12±19.17 56.37±25.88
G10 Ato 10mg/d 14±0.81 47±6.97 83.5±5.80 53.5±16.2
G11 Ato 5mg/d+Gi500 11.5±2.38 38.25±9.25 73.75±11.67 61.5±10.27
G1 No control 12±2.82 39.12±4.18 75±10.59 49.75±9.16
G7 hypo control 25±4.27 49.25±8.18 106.5±14.43 55.75±6.86
Ato: atorvastatin; G:group; Gi: ginger extract; hypo:hypothyroidism; M: mean; mg/d: mg/day No: normal ; SD: standard deviation; P ≤ 0.05
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effect between ginger and atorvastatin was noticed, these 
findings suggest that ginger may have therapeutic potential 
as antihypercholesterolaemic agent in itself  or as support 
with atorvastatin in half  of  its dose, which may enable 
to reduce atorvastatin’s dose 50%. Eventually ginger is 
available and has hypoglycemic effect. This may be a novel 
finding, because it shows ginger’s effect on lipid profile in 
hypothyroidism rats which have not been studied yet, in 
our knowledge, and compare between ginger action on two 
models of  rats: Diabetic and hypothyroidism. Finally, it 
shows the combined effect between ginger and atorvastatin 
in reducing cholesterol.
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