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Antihyperlipidemic effect of Kaempferia galanga in 
streptozotocin-induced diabetic rats
Kokila Subbaian1*, Ragavan Balliah2

INTRODUCTION
Diabetes mellitus (DM), a chronic a metabolic 
disorder, is characterized by elevated levels of blood 
glucose resulting from an abnormality in insulin 
production, insulin action, or both.[1] It is one of the 
worldwide increasing problems associated with 
peripheral vascular disease, nephropathy, neuropathy, 
and retinopathy.[2] India is one of the epicenters of 
the global DM pandemic. Demographic changes 
and rapid socioeconomic development, along with 
increased susceptibility for Indian individuals, have 
increased by DM in India.[3] Type 1 DM, also referred 
to as autoimmune diabetes, occurs due to pancreatic 
beta-cell loss leading to insulin deficiency and thereby 
leads to hyperglycemia.[4] Type  2 DM (T2DM) is 
characterized by pathophysiologic abnormalities, 
namely, muscle insulin resistance, hepatic insulin 
resistance, progressive beta-cell failure, and 
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apoptosis.[5] Patients with T2DM experienced high risk 
of cardiovascular disease and cardiovascular mortality 
relative to healthy individual. A  major contributor 
to the increased cardiovascular risk linked with 
Type 2 diabetes is dyslipidemia, which encompasses 
abnormalities in all lipoproteins.[6]

New drug discoveries rely on natural products, such 
as plant extract, either as isolated compounds or as 
standardized extracts, due to matchless availability 
of chemical diversity.[7] Traditional plant remedies 
or herbal formulations exist and are still widely used 
since ancient times. Many plants and plant-derived 
compounds have been used in the management of 
diabetes; thus, they provide a potential source of 
hypoglycemic drugs.[8] The family Zingiberaceae is 
highly known for its medicinal property which was 
found to be distributed widely in Southeast Asia. 
The ginger family includes 53 genera and over 1200 
species. About 20 genera and around more than 
200 species exist in India and seemed to be one of 
the richest and varied regions for Zingiberaceae.[9] 
Kaempferia galanga L. (Family: Zingiberaceae) is a 
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rare medicinal plant with effective medicinal activities. 
The leaves, rhizome, and root tubers of the plant own 
several medicinal applications. It is composed of 60 
species of small rhizomatous herb and is used for 
the treatment of various ailments such as abdominal 
pain, muscular swelling, hypertension, rheumatism, 
ascariasis, and tumor asthma.[10] With this background, 
the present investigation was carried out to evaluate 
antihyperlipidemic potential of hydroethanolic 
extract of K. galanga rhizome in streptozotocin 
(STZ)-induced diabetic rats.

MATERIALS AND METHODS
Collection of Plant Material
K. galanga rhizome was used for the present study. It 
was collected from I-AIM (FRLHT), Bengaluru. The 
genus and species were identified and certified by the 
Botanical Survey of India, Tamil Nadu Agriculture 
University campus, Coimbatore, Tamil Nadu, India, with 
the voucher number BSI/SRC/5/23/2018/Tech/3455.

Preparation of Plant Extract
The rhizome portion of K. galanga was used for the 
present study. It was washed in running tap water, 
shade dried, and ground to a coarse powder. It was 
then extracted with 50% hydroethanol in the Soxhlet 
apparatus. The extract obtained was concentrated, 
dried, and kept in desiccator. The sample was then 
used for further treatment.

Procurement of Animals
Male albino Wistar rats (6  weeks old), weighing 
170–200 g, were used for the present study. The animals 
were housed in clean polypropylene cages and retained 
in a well-aerated temperature-controlled animal house 
with a constant 12 h light/dark schedule. The animals 
were fed with standard rat diet and clean drinking water 
was made available ad libitum. All animal procedures 
were performed after approval from the ethical 
committee (IAEC No. KMCRET/Ph.D/03/2016-17) 
and by following the recommendations for the proper 
care and use of laboratory animals.

Acute Toxicity Study
Acute oral toxicity study was conducted for K. galanga 
as per the Organization for Economic Cooperation 
and Development guidelines 423.[11] Healthy male 
albino Wistar rats were kept in fasting overnight and 
were orally fed with the extract at increasing doses of 
100, 500, 1000, and 2000 mg/kg body weight (bw). 
After the oral administration of hydroethanolic extract 
K. galanga, the animals were observed for behavioral 
changes and mortality during the first 30 min, 1 h, 2 h, 
and 6 h and periodically for the first 24 h with special 
attention given for the first 4  h. The observation 
was prolonged for 14  days regularly for toxicity 
determination of K. galanga.

Induction of DM in Experimental Animals
The animals were kept overnight fasting and diabetes 
was induced in overnight fasted rats by intraperitoneal 
injection of STZ at a dose of 60 mg/kg bw in 0.1 M cold 
citrate buffer (pH  4.5). To prevent the STZ-induced 
hypoglycemia, rats received 10% dextrose solution 
after 6  h of STZ administration for the next 24  h. 
Induction of diabetes was verified after 72  h by 
measuring blood glucose level with strips using a 
glucometer (Accu-Chek® Active, Roche Diagnostic 
Corporation, Mannheim, Germany) and the animals 
were allowed for 14 days for the stabilization of blood 
glucose levels. On day 14, animals exhibiting blood 
glucose level higher than 250 mg/dL were considered 
as diabetic and used for the experiments.[12]

Study Design
The experimental rats were divided into six groups, 
each comprising six animals. The study period was 
28 days.
•	 Group I: Normal healthy control rats administered 

with saline (0.9% w/v)
•	 Group  II: STZ (60  mg/kg bw) induced diabetic 

control rats administrated with saline (0.9% w/v)
•	 Group III: Diabetic rats treated with hydroethanolic 

extract of K. galanga rhizome (250 mg/kg bw)
•	 Group IV: Diabetic rats treated with hydroethanolic 

extract of K. galanga rhizome (500 mg/kg bw)
•	 Group V: Diabetic rats treated with glibenclamide 

(600 µg/kg bw)
•	 Group  VI: Normal healthy rats treated with 

hydroethanolic extract of K. galanga rhizome 
(500 mg/kg bw).

Collection of Blood Sample from the Experimental 
Rats
After the end of the treatment period (28  days), the 
animals were fasted overnight and sacrificed by 
cervical dislocation under mild chloroform anesthesia. 
Blood was collected by cardiac puncture and the 
serum was separated by centrifugation at 2500  rpm 
for 15 min.

Determination of Biochemical Profile
Serum samples of experimental animals were 
subjected to various biochemical analysis, namely, 
serum total protein, cholesterol, triglycerides (TGs), 
low-density lipoproteins cholesterol (LDL-C), 
very LDL cholesterol (VLDL-C), and high-density 
lipoprotein cholesterol (HDL-C), and phospholipids. 
The serum protein was estimated by the method.[13] 
Cholesterol present in the serum was determined by 
adopting the method.[14] The TG was estimated by the 
method.[15] HDL-C was determined using Diagnostic 
Kit Qualigens Diagnostics, Mumbai, India.[6] VLDL-C 
and LDL-C were calculated as VLDL-C = TG/5 and 
LDL-C = total cholesterol − (HDLC + VLDL-C).[16] 
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Phospholipids present in the serum were estimated by 
the method.[17]

Statistical Analysis
The values were expressed as mean ± standard error of 
the mean. The data of all the parameters were analyzed 
statistically by one-way analysis of variance followed 
by Dunnett’s test.

RESULTS AND DISCUSSION
Acute Toxicity Studies
Acute toxicity studies showed no discernible 
behavioral changes on oral administration of 
hydroethanolic extract of K. galanga rhizome up to 
2000  mg/kg bw. No mortality was observed at this 
dose during 72 h observation period.

Estimation of Biochemical Parameters
The levels of protein in the treated and control group 
observed are depicted in Table  1. The protein level 
observed in STZ-induced diabetic rats was significantly 
decreased when compared to that of control rats. The 
reduced level of serum total  protein  in diabetic rats 
may be attributed to increased muscle proteolysis, 
decreased amino acid uptake, and increased conversion 
of glycogenic amino acid to carbon dioxide and water, 
reduction in protein synthesis and absorption.[18] In 
DM, proteins are spared as an energy source as the 
body cells are unable to utilize glucose as a source of 
energy. This led to decreased protein storage which, 
in turn, reduces bw.[19] Administration of K. galanga 
extract to the diabetic rats restored the level of protein 
to near-normal level which might be due to increase in 
amino acid uptake mediated by insulin, anabolism of 
protein, and/or protein degradation inhibition.[20]

The lipid profile of diabetic and treated animals is 
shown in Table 2.

In the current study, a higher level of serum cholesterol 
was observed in diabetic rats [Table 2]. Further, STZ-
induced diabetic rats when treated with hydroethanolic 
extract of K. galanga showed significantly reduced 
levels of serum cholesterol. These findings are 
correlated with the similar work where an elevation 
in serum cholesterol was observed in the untreated 
diabetic group of animals, the animals treated with 
aqueous extract of Mangifera indica exhibited a 
significant decrease in serum cholesterol.[21]

During diabetes, the activity of lipase enzyme 
increases lipolysis and releases more free fatty acids 
in the circulation due to of lack of insulin.[22] Increase 
in fatty acid concentration, in turn, increases the beta-
oxidation of fatty acids by increasing the activity of 
HMG-CoA reductase for generating more cholesterol. 
Insulin also increases the receptor-mediated removal 

of LDL-C and decreased activity of insulin during 
diabetes causes hypercholesterolemia.[23]

Hypertriglyceridemia and hypercholesterolemia are 
the most common lipid abnormalities associated 
with diabetes[24] and it is well known that the level of 
glycemic control is the major marker of serum level 
of TG.[25] Several investigators demonstrated that near 
normalization of the blood glucose level resulted in 
significant reductions in levels of plasma cholesterol 
and TG levels. A significant reduction in TG level in 
the extract of K. galanga treated animals was observed, 
indicating hypolipidemic effect. This observed 
hypolipidemic effect might be due to decreased 
cholesterogenesis and fatty acid synthesis.[26] This 
is as per the report[27] where the administration of 
Momordica cymbalaria fruit significantly decreased 
the levels of TG s in alloxan-induced diabetic rats.

The level of VLDL and LDL-C was increased in 
diabetic rats which then decreased significantly 
in treated groups. The treated groups exhibited 
and increased levels of HDL-C than the diabetic 
control group [Table  2]. The findings demonstrated 
that the hydroethanolic extract of K. galanga has a 
hypolipidemic effect. The diabetic animals exhibited 
a significantly increased level of serum phospholipid 
compared to that of the control group [Table  3]. 
A  marked significant reduction in the phospholipids 
level was observed in the animals treated with plant 
extract. Administration of K. galanga hydroethanolic 
extract of 500 mg/kg bw showed a better hypolipidemic 
effect compared to 250  mg/kg bw. Deficiency of 
insulin inactivates the lipoprotein lipase promoting 
liver conversion of free fatty acids into phospholipids 
and cholesterol which get discharged into the blood 
resulting in elevated serum phospholipids level.[28] 
Alcoholic extracts of Phaseolus vulgaris significantly 
reduced the lipid profile in diabetic rats reflecting its 

Table 1: Effect of K. galanga on serum protein level in 
experimental rats

Groups Total protein (g/dl)
I 25.14±0.16
II 17.02±0.34a

III 19.97±0.92b

IV 21.81±0.30bc

V 23.49±0.41b

VI 24.52±0.48
Values are expressed as the mean±standard error of the mean; Statistical 
significance (P) calculated by one-way analysis of variance followed by 
Dunnett’s cP<0.001, bP<0.01, aP<0.05 calculated by comparing treated group 
with induced group, bcSignificant between the treated groups at P<0.05. 
Group I: Normal healthy control rats administered with saline (0.9% w/v). 
Group II: Streptozotocin (60 mg/kg bw) induced diabetic control rats 
administrated with saline (0.9% w/v). Group III: Diabetic rats treated with 
hydroethanolic extract of K. galanga rhizome (250 mg/kg bw). Group IV: 
Diabetic rats treated with hydroethanolic extract of K. galanga rhizome (500 
mg/kg bw). Group V: Diabetic rats treated with glibenclamide (600 µg/kg 
bw). Group VI: Normal healthy rats treated with hydroethanolic extract of 
K. galanga rhizome (500 mg/kg bw). K. galanga: Kaempferia galangal, bw: 
Body weight
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hypolipidemic activity and may also decrease the risk 
of vascular disease and related complications.[29]

CONCLUSION
It is concluded that the protein level observed in STZ-
induced diabetic rats was significantly decreased 
when compared to that of control rats which then 
reverted to near-normal level on treatment with the 
extract. A higher level of serum cholesterol in diabetic 
rats was observed. Further, STZ-induced diabetic rats 
when treated with hydroethanolic extract of K. galanga 
significantly reduced the serum cholesterol level 
which may be due to the inhibitory effect of the active 
principles on enzymes of cholesterol biosynthesis. 
A  significant reduction in TG level in K. galanga 
treated animals compared to untreated groups was 
observed, indicating hypolipidemic effect. The levels 
of VLDL and LDL-C were increased in diabetic rats 
which were decreased significantly in treated groups. 
The treated groups exhibited an increased level of 
HDL-C than the diabetic control group concluding 
that the hydroethanolic extract of K. galanga possesses 
hypolipidemic activity and hence can be studied 

further for the management of diabetes and diabetes-
induced complications.
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