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Abstract 
 

Background: Patients with diabetes present with lipid disorders, including hypercho-
lesterolemia, which can be a high-risk factor for atherosclerosis. Recently, increasing 
interest has been focused on anti-lipidemic function of herbal medicines, especially 
Zingiber officinale (known as ginger), in diabetes. However, the mechanism underly-
ing the effect of ginger on some players involved in cholesterol homeostasis of Central 
Nervous System (CNS) among diabetic patients remains unclear. To our knowledge, 
this is the first study to investigate the effect of ginger on brain regulation of Hydro-
xymethylglutaryl-CoA Reductase (HMG-CoA reductase) and Cholesterol 24-hydroxy-
lase (CYP46A1), which provides a rational model for understanding brain dyslipidem-
ia mechanisms associated with diabetes.  
 

Methods: Brains of rats were isolated from four groups: control, non-treated diabetic, 
and treated diabetic groups receiving 200 or 400 mg/kg of hydroalcoholic extracts of 
ginger for eight weeks. HMG-CoA reductase and CYP46A1 levels in brain homoge-
nates were determined by western-blot technique.  
 

Results: Ginger root extract caused a significant decrease in HMG-CoA reductase and 
an increase in CYP46A1 levels in treated diabetic groups compared to diabetic con-
trol. In comparison to diabetic group, these effects were more remarkable with 400 
mg/kg concentration of ginger extract.  
 

Conclusion: The findings showed that ginger extract has a regulatory effect on pro-
teins involved in cholesterol homeostasis in CNS by a significant down- and up-re-
gulation of HMG-CoA reductase and CYP46A1 levels, respectively. It can be suggested 
that adding ginger to daily diet of diabetic patients has useful effects and may ame-
liorate diabetes complications. 
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Introduction 
 

Diabetes mellitus is a chronic endocrine disorder 

characterized by increased blood glucose levels as a 

consequence of impaired insulin function or secretion 
1. It should be noted that the prevalence of diabetes is 

increasing worldwide. In addition to hyperglycemia, 

hypercholesterolemia is also attributed to diabetes. In 

this respect, atherosclerosis after dyslipidemia is the 

most prevalent complication of diabetes mellitus 2. The 

association between diabetes and age-related dementias 

like Alzheimer’s disease has been a matter of debate 3. 

In this regard, hypercholesterolemia caused by diabetes  
 

 

 

 

 
leads to elevated brain amyloid-beta levels as well as 

severe learning and memory impairments 4. So, it is  

said that type II diabetes is a risk factor for vascular 

dementia 5,6. Since increased cholesterol synthesis con-

comitant with impaired cholesterol absorption is re-

ported in diabetes 7,8, alteration of cholesterol homeo-

stasis in brain can help understand its dyslipidemia 

mechanism in diabetes. Furthermore, over 25% of the 

body’s cholesterol pool is located in the Central Nerv-

ous System (CNS) and brain cells are segregated from 

lipoproteins in the systemic circulation by the blood-
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brain barrier 9. So, cholesterol homeostasis in the brain 

is unique and dependent on its own de novo synthesis 

and degradation with a specific extracellular lipid 

transport system. It is of note that brain cholesterol 

metabolism is also involved in several physiological 

function in the CNS including myelin production 10. 

Moreover, SREBP-Cleavage Activating Protein (SCAP), 

which is a chaperone of Sterol Regulatory Element-

Binding Protein 2 (SREBP2), inhibits the overload of 

intracellular cholesterol whenever cells preserve ade-

quate cholesterol 11. It has been proved that the up-

regulation of SREBP-2 expression as a result of SCAP 

over-expression elevates cholesterol uptake, which re-

sults in cholesterol accumulation in diabetic rats 12,13. 

So, regarding previous findings about memory loss of 

hypercholesterolemia caused by diabetes, it should be 

elucidated that diabetes complications affect other cho-

lesterol metabolism-related gene in the brain and also 

lead to a more accurate understanding of alterations of 

cholesterol metabolism in diabetes.  It has been shown 

that the variation of both plasma and Β-cell islet cho-

lesterol homeostasis may correlate to the pathogenesis 

of diabetes 14. Lack of ATP binding cassette subfamily 

A member 1 (ABCA1), which is one of the main play-

ers of cholesterol metabolism modulating cholesterol 

efflux, leads to overload of cholesterol in B-cell islet 

and impaired insulin release 15.  

There is increasing interest in the application of 

herbal medicines against human disorders worldwide. 

Zingiber officinale (Z. officinale), also known as gin-

ger, is amongst important herbal medicines possessing 

anti-diabetic properties, the antihyperglycemic effects 

of which have been indicated in several studies 16. Be-

sides in vivo studies, findings from clinical trials show-

ed the protective effect of ginger extract in the reduc-

tion of blood glucose levels 17. However, the effect of 

hydroalcoholic extract of ginger on the alteration of 

some enzymes involved in brain cholesterol homeosta-

sis, including 3-hydroxy-3-methylglutaryl-coenzyme A 

reductase (HM G-CoA reductase) and cytochrome 

P450 family 46 subfamily A member 1 (CYP46A1), is 

poorly understood in diabetes. 

It is of interest to check the effect of ginger extract 

on brain cholesterol homeostasis in a streptozotocin-

induced diabetic rat model given the increased levels of 

major components of lipid profile in diabetes mellitus. 

 
Materials and Methods 

 

Materials 
The dried root of ginger (Z. officinale) was pur-

chased from Goldaru Isfahan Pharmaceutical Compa-

ny, Isfahan, Iran. Mouse anti-β-actin antibody was ob-

tained from Sigma Aldrich, PVDF was obtained from 

Roche Applied Science, and mouse anti-CYP 46A1 

was purchased from Santa Cruz. Mouse Anti-HMG-

CoA reductase was kindly donated by Professor TY 

Chang, Geisel School of Medicine at Dartmouth, Han-

over, NH, USA. All other chemicals were purchased 

from Merck chemicals, Germany. 
 

Animal model 
40 male Wistar rats weighting 200-250 gr (8-10 

weeks old), which were obtained from research center 

and experimental animal house of Jundishapur Univer-

sity of medical sciences, Ahvaz, Iran were selected for 

experimental tests in this study. Before all analytical 

tests, animals were acclimatized under standard ad libi-

tum conditions for 3 days. 
 

Extract preparation 
The dried roots of ginger (Z. officinale) were pur-

chased from Goldaru Herbal Pharmaceutical Company, 

Isfahan, Iran. The voucher samples were pre-served for 

reference in the  Biochemistry Department of Medical 

School, Ahvaz Jundishapur University of Medical Sci-

ences. Ginger extraction was done by filtration. Brief-

ly, 200 gr of ginger roots was crushed with a blender 

and then soaked in 1400 ml of 70% methyl alcohol for 

3 days. After filtration of homogenized mixture using 

Whatman filter paper No.40, the filtrate was placed 

under vacuum at 50°C to evaporate methanol. Finally, 

25 gr crystallized extract was obtained. 
 

Induction of diabetes by streptozotocin 
Induction of diabetes was performed by intravenous 

administration of 40 mg/kg streptozotocin (STZ) dis-

solved in cold 0.1 M citrate buffer (pH=4.5). After 3 

days of STZ administration, tail vein blood was taken 

to measure fasting blood glucose with a glucometer. 

Diabetes was verified according to plasma glucose 

concentrations higher than 350 mg/dl.  
 

Experimental animal groups 

40 rats were randomly divided into 4 groups. Group 

1 consisted of 10 rats as non-diabetic control, and each 

rat received 1.5 ml/kg distilled water daily by gavage. 

Also, two weeks after induction of diabetes, diabetic 

rats were randomly divided into 3 experimental animal 

groups (10 rats each) as follows: Group 2 as non-

treated diabetic group in which each rat received 1.5 

ml/kg distilled water daily by gavage, Group 3 as the 

diabetic group that received 200 mg/kg hydroalcoholic 

extract of ginger dissolved in 1.5 ml/kg distilled water 

daily by gavage, and Group 4 as the diabetic group that 

received 400 mg/kg hydroalcoholic extract of ginger 

dissolved in 1.5 ml/kg distilled water daily by gavage. 

The treatment lasted for eight weeks, and all experi-

ments were done after two weeks of STZ administra-

tion.   
 

Tissue preparation and western blotting 
Mice from experimental groups were anesthetized 

and their brain homogenates were prepared as follows. 

After dissection, the brain was washed with dPBS and 

homogenized in ice-cold RIPA buffer with protease 

inhibitor cocktail using sonication. An equal amount of 

proteins in brain homogenates was subjected to 8% 

sodium dodecylsulfate-polyacrylamide gel electropho 
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resis (SDS-PAGE) and transferred to a polyvinylidene 

fluoride membrane (Roche). After blocking with block-

ing buffer containing 5% skim milk in TBST, the 

membrane was incubated overnight with specific pri-

mary antibodies for HMG-CoA reductase (1:5000 dilu-

tion, Abcam), CYP46A1 (1:500 dilution, Santacruz), 

and Β-actin (1:5000 dilution, Sigma). After washing 

the membrane with TBST, it was incubated for 1.5 hr 

with specific goat anti-mouse (1:4000 dilution, Sigma) 

secondary antibodies for HMG-CoA reductase, CYP 

46A1, and Β-actin. After chemiluminescence reaction, 

the bands were visualized using ChemiDoc™ (Bio-

Rad). 
 

Statistical analysis 

Statistical analysis was performed with SPSS (Ver-

sion 18) Software. Descriptive statistics presented data 

as mean±SD. Analysis of Variance (ANOVA) was 

used to check significant differences between groups in 

western blotting analysis. To quantify the difference 

between protein levels, the data were analyzed using 

ImageJ software. The quantification reflects the rela-

tive amounts as a ratio of each protein band relative to 

the lane’s loading B-actin as control. For all statistical 

analysis, p<0.05 was considered as the significance 

level. 
 

Results 
 

Effect of hydroalcoholic Z. officinale extract on HMG-CoA 

reductase levels in brain 
Brain homogenate was prepared using sonication in 

ice-cold RIPA buffer with protease inhibitor cocktail. 

The effect of ginger extract on the protein levels of 

HMG-CoA reductase in brain homogenate was ana-

lyzed by SDS-PAGE and western blotting. Although 

the level of HMG-CoA reductase in diabetic rats treat-

ed with 200 mg/kg concentration of ginger extract was 

approximately equal to the control group, treatment of 

streptozotocin-induced diabetic rats with hydroalco-

holic extract of ginger for eight weeks caused reduced 

HMG-CoA reductase compared to diabetic group in 

the brain. This effect was more pronounced with 400 

mg/kg of ginger extract (Figure 1), indicating the effect 

of ginger on rate-controlling enzyme of mevalonate 

pathway, which is the metabolic pathway producing 

cholesterol and other isoprenoids. 
 

Effect of hydroalcoholic Z. officinale extract on brain 

CYP46A1 levels  
To check the effect of ginger on brain CYP46A1 

content, the brain homogenate was subjected to SDS-

PAGE and western blotting. CYP46A1 level in diabet-

ic non-treated rats decreased compared to control 

group in the brain but the influence of ginger treatment 

increased CYP46A1 levels compared to diabetic rats 

since it reached to control level with 400 mg/kg con-

centration of ginger extract. Among the treated diabetic 

groups, increased level of CYP46A1 in diabetic group 

receiving 200 mg/kg of ginger was significant in com-

parison to the control group and level of CYP46A1 in  
 

diabetic ones receiving 400 mg/kg of ginger was almost 

as normal as the control group. 

 
Discussion 

 

In this study, the effect of hydroalcoholic Z. offici-

nale extract was investigated on brain HMG-CoA re-

ductase and CYP46A1 levels in streptozotocin-in-

duced diabetic rats. Although the changes in levels of 

enzymes involved in lipid metabolism due to diabetes 

have been a matter of debate, our data demonstrated 

the up-regulation of HMG-CoA reductase in diabetes, 

and the use of ginger extract caused a modulation in 

HMG-CoA reductase level and could return it back to 

the basal level of control group. Although CYP46A1 

protein level decreased in diabetes, its level is in-

creased by ginger extract treatment; with 400 mg/kg of 

ginger extract, it reached to control group’s level, 

which could reduce the cholesterol accumulation and it 

has beneficial effects on cholesterol hemostasis in the 

brain.  

Dyslipidemia is among the most important compli-

cations of diabetes, which predisposes people to cardi-

ovascular diseases 18. A significant rise of triglyceride 

and cholesterol along with decrease of HDL cholester-

ol can be attributed to endogenous alterations of lipid 

homeostasis caused by diabetes. Since the neural cells 

in CNS are segregated from lipoproteins in the system-

ic circulation by the Blood-Brain Barrier (BBB) 19, 

here the focus was on the level of two enzymes in-

volved in brain cholesterol hemostasis in a diabetic rat 

Figure 1. Effect of hydroalcoholic ginger extract on the protein 
levels of HMG-CoA reductase in the brain. A) Representative im-

mune-blotting showing specific bands for HMG-CoA reductase. β-

actin is used as an internal control. B) Graphic presentation of data 
obtained from western blot analysis. Each bar shows mean±SD. 

Significant difference from diabetic group was shown as p<0.05. 

From left to right, lanes 1, 2, and 3 are related to control; lanes 4, 5, 
6, and 7 are related to diabetic group (DM) without any treatments; 

lanes 8, 9, and 10 are related to diabetic group receiving 200 mg/kg 

ginger extract; and lanes 11, 12, and 13 are related to diabetic group 
receiving 400 mg/kg ginger extract, respectively. 
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model, HMG-CoA reductase and CYP46A1, and it was 

found that the administration of ginger extract signifi-

cantly reduced HMG-CoA reductase protein level in 

comparison to control or diabetic group. This reduction 

was more pronounced in diabetic group receiving 400 

mg/kg of ginger. By contrast, up-regulation of CYP 

46A1 in diabetic rats treated with ginger extract in 

comparison to diabetes groups verified its role in stim-

ulating the elimination of excess cholesterol from the 

brain.  

It is well documented that CYP46A1, which is 

mainly expressed in the brain, enzymatically produces 

24S-hydroxycholesterol (24S-HC) from cholesterol to 

enhance cholesterol turnover, eliminate surplus choles-

terol, and regulate cholesterol synthesis 20. It is be-

lieved that there is a balance between HMG-CoA re-

ductase and CYP46A1 protein levels in CNS and along 

with HMG-CoA reductase increase, the protein level of 

CYP46A1 will be increased to keep the cholesterol 

level in a steady-state condition. Our data showed that 

this harmony between HMG-CoA reductase and CYP-

46A1 is disrupted in diabetes; however, ginger extract 

can correct this disturbing effect (Figure 2). As it is 

shown in the diabetic group receiving 200 mg/kg of 

ginger extract, CYP46A1 protein level is still up regu-

lated and as HMG-CoA reductase protein level de-

creased by 400 mg/kg of ginger extract, CYP46A1 is 

reduced and almost reached to the control group’s level 

suggesting a parallel balance between cholesterol syn-

thesis and cholesterol elimination under steady-state 

conditions. 

If CYP46A1 level is increased by ginger extract, it 

may regulate brain cholesterol content through two 

mechanisms. First, CYP46A1  enhances the hydroxyla-

tion of cholesterol to generate 24S-HC, which is solu-

ble and can pass BBB to be excreted into circulation 21. 

Second, it increases the generation of 24S-HC, which 

is perhaps attributed to the inhibition of brain cellular 

cholesterol biosynthesis by down-regulation of HMG-

CoA reductase via blocking SREBPs, the main control-

lers of cholesterol biosynthesis after administration of 

ginger extract 22,23. Reduced brain cholesterol biosyn-

thesis may coincide with the fact that increased expres-

sion of CYP46A1 after consumption of ginger cooper-

ates with HMG-CoA reductase in order to prevent cho-

lesterol accumulation in the brain. 

Here, the effect of hydroalcoholic ginger extract on 

main players of proteins involved in cholesterol home-

ostasis in CNS was shown, which could be in line with 

the lipid-lowering activity of ginger extract in circula-

tion reported by others who showed a significant re-

duction of serum lipid profile, including cholesterol 

and triglyceride, after ginger administration to diabetic 

rats 24. 

 

Conclusion 
 

Taken together, our findings revealed a possible 

mechanism for the cholesterol-lowering effect of gin-

ger in a diabetic animal model. Our data regarding the 

regulatory effect of ginger on players involved in brain 

cholesterol homeostasis along with other reports 25 

showing the reduction of brain oxidative damage, 

apoptosis, and inflammation in streptozotocin-induced 

diabetic rats revealed the neuroprotective effect of gin-

ger against structural brain alteration associated with 

diabetes.  
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