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The study of hypolipidemic properties of Ginger extract on the 
model of type 2 diabetes induced by dexamethasone

Aim. To study experimentally the hypolipidemic properties of Ginger extract against the background of type 2 diabetes.
Materials and methods. The study of the hypolipidemic properties of Ginger extract was performed by the lipid 

metabolism indices on the model of type 2 diabetes induced by dexamethasone in rats aged 18 months.
Results and discussion. Experimental type 2 diabetes was accompanied with disorder of the lipid metabolism, 

it was confirmed by the increase of the content triacylglycerides, atherogenic apoB-lipoproteins with simultaneous re-
duction of high-density lipoproteins and increased release of free fatty acids from the adipose tissue. Under the effect 
of Ginger extract in the doses of 50 and 80 mg/kg the level of free fatty acids in the blood serum decreased by 38.4 % 
and 38.9 %, probably due to correction of insulin resistance manifestations and preservation of the insulin control ef-
fect on lipolysis. The reliable inhibition of hypertriacylglycerolemia severity by Ginger extract in the dose of 80 mg/kg 
by 35.1% correlated with a decrease of apoB-LP production in the liver, and it indicated correction of diabetic dyslipi-
demia. At the same time, the level of the antiatherogenic fraction – high-density lipoproteins – significantly increased by 
26.1 and 29.5 % under the effect of the extract in the doses of 50 and 80 mg/kg, respectively, compared to the values of 
animals of the control pathology. Ginger extract in the dose of 80 mg/kg showed a more expressive ability to normalize 
the lipid metabolism at the level of the reference drug – “Arphasetin” herbal medicinal product.

Conclusions. Introduction of Ginger extract for 14 days in the doses of 50 and 80 mg/kg on the model of type 2 
diabetes induced by dexamethasone was accompanied with a reliable normalization of the lipid metabolism. The use 
of Ginger extract in the dose of 80 mg/kg is most pronounced at the level of the reference drug – “Arphasetin” herbal 
medicinal product, corrected the pathological changes in the lipid metabolism characteristic for type 2 diabetes. It al-
lows making a conclusion concerning the feasibility of further studies of the extract exactly in this dose and the pros-
pects of its use as an antiatherogenic drug in the complex treatment of type 2 diabetes.

Key words: Ginger extract; type 2 diabetes mellitus; dexamethasone; hypolipidemic action

Н. М. Кононенко, В. В. Чікіткіна, М. В. Сорокіна, М. О. Остапець
Дослідження гіполіпідемічних властивостей естракту імбиру на моделі 
цукрового діабету 2 типу, індукованого дексаметазоном
Мета – експериментальне дослідження гіполіпідемічних властивостей екстракту імбиру на тлі ЦД 2 типу.
Матеріали та методи. Дослідження гіполіпідемічних властивостей екстракту імбиру проводили за показни-

ками ліпідного обміну на моделі ЦД 2 типу, індукованого дексаметазоном у щурів 18-місячного віку.
Результати та їх обговорення. Експериментальний ЦД 2 типу супроводжувався порушенням ліпідного 

обміну, що підтверджувалось зростанням триацилгліцеридів, вмісту атерогенних апоВ-ліпопротеїнів за умови 
одночасного зниження ліпопротеїнів високої щільності та посиленням вивільнення вільних жирних кислот з жи-
рової тканини. Під впливом екстракту імбиру у дозах 50 та 80 мг/кг знижувався рівень вільних жирних кислот у 
сироватці крові на 38,4 % та 38,9 %, вірогідно, внаслідок корекції проявів інсулінорезистентності та збереження 
керуючого впливу інсуліну на ліполіз. Достовірне пригнічення вираженості гіпертриацилгліцеролемії екстрактом 
імбиру дозою 80 мг/кг на 35,1 % корелювало зі зменшенням продукції апоВ-ЛП у печінці, що свідчило про ко-
рекцію діабетичної дисліпідемії. При цьому рівень антиатерогенної фракції – ліпопротеїнів високої щільності 
достовірно підвищувався на 26,1 та 29,5 % під впливом екстракту у дозах 50 та 80 мг/кг відповідно порівняно 
з показниками тварин контрольної патології. Екстракт імбиру дозою 80 мг/кг виявив більш виразну здатність 
нормалізувати показники ліпідного обміну на рівні препарату порівняння збору «Арфазетин». 

Висновки. Введення екстракту імбиру протягом 14-ти діб у дозах 50 та 80 мг/кг на моделі ЦД 2 типу, індуко-
ваного дексаметазоном, супроводжувалось достовірною нормалізацією ліпідного обміну. Застосування екстракту ім-
биру дозою 80 мг/кг найбільш виражено на рівні препарату порівняння збору «Арфазетин» корегувало патологічні 
зміни метаболізму ліпідів, характерні для ЦД 2 типу, що дозволяє зробити висновок про доцільність подальших 
досліджень екстракту саме у цій дозі та перспективність його застосування як антиатерогенного засобу у комп-
лексному лікуванні ЦД 2 типу. 

Ключові слова: екстракт імбиру; цукровий діабет 2 типу; дексаметазон; гіполіпідемічна дія
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Исследование гиполипидемических свойств экстракта имбиря на модели 
сахарного диабета 2 типа, индуцированного дексаметазоном
Цель – экспериментальное исследование гиполипидемических свойств экстракта имбиря на фоне СД 2 типа.
Материалы и методы. Исследование гиполипидемических свойств экстракта имбиря проводили по показа-

телям липидного обмена на модели СД 2 типа, индуцированного дексаметазоном у крыс 18-месячного возраста.
Результаты и их обсуждение. Экспериментальный СД 2 типа сопровождался нарушением липидного 

обмена, что подтверждалось ростом триацилглицеридов, содержания атерогенных апоВ-липопротеинов при 
одновременном снижении липопротеинов высокой плотности и усилении высвобождения свободных жирных 
кислот из жировой ткани. Под влиянием экстракта имбиря в дозах 50 и 80 мг/кг снижался уровень свободных 
жирных кислот в сыворотке крови на 38,4 % и 38,9 %, вероятно, вследствие коррекции проявлений инсулино-
резистентности и сохранения управляющего воздействия инсулина на липолиз. Достоверное подавление вы-
раженности гипертриацилглицеролемии экстрактом имбиря в дозе 80 мг/кг на 35,1 % коррелировало с умень-
шением продукции апоВ-ЛП в печени, что свидетельствовало о коррекции диабетической дислипидемии. При 
этом уровень антиатерогенной фракции – липопротеинов высокой плотности достоверно повышался на 26,1 
и 29,5 % под влиянием экстракта в дозах 50 и 80 мг/кг соответственно по сравнению с показателями животных 
контрольной патологии. Экстракт имбиря в дозе 80 мг/кг проявил более выразительную способность нормали-
зовать показатели липидного обмена на уровне препарата сравнения сбора «Арфазетин».

Выводы. Введение экстракта имбиря в течение 14-ти суток в дозах 50 и 80 мг/кг на модели СД 2 типа, инду-
цированного дексаметазоном, сопровождалось достоверной нормализацией липидного обмена. Применение 
экстракта имбиря в дозе 80 мг/кг, наиболее выраженное на уровне препарата сравнения сбора «Арфазетин», 
корректировало патологические изменения метаболизма липидов, характерные для СД 2 типа, что позволяет 
сделать вывод о целесообразности дальнейших исследований экстракта именно в этой дозе и перспектив-
ности его применения в качестве антиатерогенного средства в комплексном лечении СД 2 типа.

Ключевые слова: экстракт имбиря; сахарный диабет 2 типа; дексаметазон; гиполипидемическое действие

One of the global problems of modern medicine is 
diabetes mellitus (DM), namely, type 2 diabetes, which 
accounts for about 90 % of all cases and has an epide- 
mic in the world [1].

The primary link in the pathogenesis of type 2 dia-
betes and the metabolic syndrome (MS) as a pre-diabe-
tes condition is primary insulin resistance, which results 
in significant changes in the carbohydrate and lipid me-
tabolism, and increased risk of cardiovascular disease, 
progression of atherosclerosis and mortality in patients 
with type 2 diabetes mellitus. 

Therefore, the main strategy of the modern therapy 
of type 2 diabetes is to prevent development of cardio-
vascular complications, including a strict control of glyce-
mia, arterial pressure, as well as the antiplatelet and hypo- 
lipidemic therapy.

Nowadays, there is no conclusive evidence of the 
effectiveness of most oral antihyperglycemic drugs to 
reduce the risk of diabetic macroangiopathy; besides, 
a lot of them have unwanted side effects and reduced 
therapeutic activity in the long-term use, indicating the 
relevance of the search and expansion of the range of 
new antidiabetic drugs that would be characterized not 
only by high hypoglycemic properties, but also by the 
preventive action against cardiovascular complications [2].

Taking into account the leading role of activation in 
the lipid peroxidation processes (LDL) in the pathogene- 
sis of type 2 diabetes and its complications it is expe- 
dient and promising to use medicinal plants and drugs on 
their basis with hypoglycemic and antioxidant proper-
ties in the complex therapy of the disease.

Medicinal plants are well combined with antidiabe- 
tic drugs increasing their therapeutic effect, improving 

the tissue sensitivity to insulin, activating reparative pro-
cesses in β-cells of the pancreas, in the absence of toxi- 
city and the risk of adverse reactions in the long-term use.

Nowadays, more than 150 types of medicinal plants 
used in non-traditional medicine in many countries of 
the world for the treatment of diabetes are known, but 
the list of officinal antidiabetic drugs on their basis is in-
sufficient, and in Ukraine it is limited only by herbal me-
dicinal products “Arphasetin” and “Sadiphytum” [3, 4], 
it has served as a reasoning in development and the phar- 
macological study of ginger extract.

Ginger (Zingiber) due to the rich chemical compo-
sition of its roots has a wide range of pharmacological 
properties. For today its antioxidant, antimicrobial, anti- 
inflammatory, neuroprotective, anti-ulcer and antitumor 
effects have been proven [5-7]. The studies of the last 
years also indicated hypoglycemic and hypolipidemic 
properties of ginger, and it allowed to assume the ef-
fectiveness of ginger extract in the metabolic syndrome 
(MS) and type 2 diabetes [8, 9].

The aim of this work was study experimentally the 
hypolipidemic properties of Ginger extract against the 
background of type 2 diabetes induced by dexametha-
sone.

Materials and methods
The experiments were performed on 40 18-month 

nonlinear female rats kept under standard vivarium con-
ditions of the Central Research Laboratory of the Na-
tional University of Pharmacy. All manipulations with 
animals were conducted in accordance with the require-
ments of the “European Convention for the Protection 
of Vertebrate Animals Used for Experimental and Sci-
entific Purposes” (Strasbourg, 1986).
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As a reference drug “Arphasetin” herbal medicinal 
product with the proven hypoglycemic activity was used; 
it was registered as a drug and authorized for medical 
use in Ukraine as part of integrated therapy of type 2 
diabetes.

Type 2 diabetes was reproduced by subcutaneous intro-
duction of synthetic glucocorticoid dexamethasone (Dexa-
methasone-KRKA, produced by KRKA, Slovenia) in the 
dose of 0.125 mg/kg for 13 days [10].

The substances studied were injected during the si- 
mulation period once per day 1 hour before introduction 
of dexamethasone.

Animals were divided into the following groups: 
intact control (IC); control pathology (CP) – received 
dexamethasone; 4 experimental groups: 1-3 groups – on 
the background of dexamethasone received an intragastric 
aqueous solution of ginger extract in the doses of 30, 
50 and 80 mg/kg, respectively; group 4 – on the back-
ground of dexamethasone received an intragastric infu-
sion of the reference drug “Arphasetin” in the dose of 
16 ml/kg.

On day 14 all rats were removed from the experi-
ment by decapitation under etheric anesthesia, in their 
blood serum the biochemical parameters of the lipid pro-
file were determined.

The level of triacylglycerols (TAG) in the blood se-
rum and in the liver homogenates was determined using 

the standard kit of reagents “KONE” (Finland) by the 
glycerol oxidation method.

The content of high density lipoprotein (HDL) and 
apo-B-containing lipoproteins (the total amount of low 
density lipoprotein (LDL) and very low density lipopro-
teins (VLDL) – apoB-LP) was determined in the blood 
serum using the turbidimetric method [11].

Determination of the concentration of free fatty acids 
(FFA) in the blood serum was carried out using a kit 
of reagents of “Felicith Diagnostics” (Ukraine) by the 
reaction with diethyl dithiocarbamate.

The statistical processing of the results was performed 
on a personal computer using Excel packages and Statis-
tica 6.0 for Windows. For determination of probable dif-
ferences between the experimental groups the Newman-
Keels and the Mana-Whitney tests were used. Differences 
were considered to be statistically significant at p < 0.05.

Results and discussion
As a result of dexamethasone introduction in animals 

of the СP group a significant increase in basal glycemia 
by 2.13 times and basal insulinemia by 1.68 times was 
observed compared to the IC group, it allowed to deter-
mine the reproduction of type 2 diabetes (Fig.).

Development of DM 2 was accompanied with the 
lipid metabolism disorders, which was confirmed by a 
significant increase of the TAG content in the blood se-
rum by 1.98 times compared to the IC group (Table).

Fig. The effect of ginger extract on indicators of the carbohydrate metabolism in the blood serum of rats in conditions of type 2 diabetes 
induced by dexamethasone, M ± m. The number of animals in each group = 7.

Notes: * – the differences are statistically significant compared to the values of the IC group (p ≤ 0.05); ** – the differences are statistically 
significant compared to the values of the CP group (p ≤ 0.05); *** – the differences are statistically significant compared to the values of 
the group treated with Ginger extract (p ≤ 0.05).
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It is known that formation of hypertriacylglycerole- 
mia is considered one of the key factors in development 
of proatherogenic changes characteristic of type 2 diabe-
tes, resulting in formation of vascular complications [12].

It was confirmed by imbalance of lipoprotein frac-
tions – by 39.9 % compared to the IC group, the content 
of atherogenic apo-lipoproteins significantly increased, 
while simultaneously the antiatherogenic fraction – HDL 
reduced by 28.5 % (Table).

In view of the fact that insulin resistance was for- 
med in rats of the CP group there was a decrease in the 
inhibitory effect of insulin on lipolysis, resulting in the 
increased release of HDL from the adipose tissue; it was 
confirmed by an increase in their serum content by 2.88 
times compared to the IC group (Table).

It is known that FFA due to its lipoprotective proper-
ties can aggravate the course of type 2 diabetes affecting 
the pancreas. In our experiment, obviously, an excess of 
FFA was delivered to the liver where they were invol- 
ved in the release of TAG, and it was consistent with the 
findings regarding expressive hypertriacylglycerolemia. 
At the same time, it was logical to increase the content 
of atherogenic fractions of lipoproteins, in particular 
LPDH, the main transport form of endogenous lipids, 
and transformed into LDL in the bloodstream.

The use of Ginger extract in the doses of 50 and  
80 mg/kg resulted in the decrease of the level of FFA 
in the blood by 38.4 % and 38.9 %, respectively, and it 
was accompanied with normalization of a number of me- 
tabolic links, in particular the reduction of the lipotoxic 
effect of high FFA correlated with partial restoration of 
tyrosine kinase activity of the insulin receptor, which 
led to a decrease in the severity of manifestations of in- 
sulin resistance (Table, Fig.).

Introduction of Ginger extract in the dose of 50 mg/kg 
reduced the manifestations of hypertriacylglycerolemia 
verified by a significant decrease in the serum TAG level 
by 32.2 % compared to the CP group (Tab.). At the 
same time, under the effect of Ginger extract in the dose 
of 80 mg/kg, a more pronounced inhibition of hypertri-
acylglycerolemia was observed by 35.1 % compared to 
the values in the CP group (Tab.). It was probably due 

to a decrease in the FFA content, which under such con-
ditions was less active and involved in the re-synthesis 
of TAG in the liver.

Reduction of hypertriacylglycerolemia manifestations 
in conditions of introduction of Ginger extract correla- 
ted with normalization of the ratio of lipoprotein frac-
tions. There was a probable decrease in the content of 
apoB-LP under the effect of Ginger extract in the doses 
of 50 and 80 mg/kg by 16.7 and 17.6 %, respectively. At 
the same time, the level of the antiatherogenic fraction 
– high-density lipoproteins – significantly increased by 
26.1 and 29.5 % under the effect of the extract in the 
doses of 50 and 80 mg/kg, respectively, compared to 
the values of animals of the control pathology (Table).

In addition, it can be predicted that the expressive 
hypolipidemic effect of Ginger extract is related to the 
antioxidant properties of Ginger since it is known that 
the activation of free radical processes plays one of the 
leading roles in atherogenesis due to the oxidative dama- 
ge to lipoproteins.

Introduction of the reference drug “Arphasetin” was 
also accompanied with normalization of the lipid me-
tabolism; it was confirmed by a significant decrease in 
FFA by 39.1 % and TAG by 33.2 % compared to the CP 
group. The content of atherogenic apoB-LP under the ef-
fect of “Arphasetin” decreased significantly by 17.4 %, 
while the HDL content increased by 25 % compared to 
the animals of the CP group. The results obtained were 
compared to the data on the dynamics of the similar in-
dicators under the effect of Ginger extract in the dose of 
80 mg/kg. Taking into account that “Arphasetin” herbal 
medicinal product is recommended for use as a part of 
the complex therapy of type 2 diabetes the relevant data 
obtained indicate the prospect of further study of Gin-
ger extract as an antiatherogenic agent.

Introduction of Ginger extract in the dose of 30 mg/kg 
showed no significant effect on any of the parameters 
studied; it was confirmed by the absence of significant 
changes in the CP group although there was a down-
ward trend. This is probably due to the fact that the dose 
of 30 mg/kg is not sufficient for the therapeutic effect of 
the extract studied.

Table
The effect of Ginger extract on indicators of the lipid metabolism in the blood serum in rats  

on the model of 2 type of diabetes mellitus induced by dexamethasone, М ± m (n = 7)

The group of animals
Indicators

HDL, mmol/l VHDL, mg/ml apoB-LP, mg/ml ТАG, mmol/l
ІC 0.678 ± 0.009 1.23 ± 0.03 5.16 ± 0.02 0.827 ± 0.073
CP 1.956 ± 0.013* 0.88 ± 0.06 7.22 ± 0.07* 1.643 ± 0.115*
Ginger extract, 30 мg/kg 1.765 ± 0.011* 0.94 ± 0.04* 6.93 ± 0.08* 1.475 ± 0.088*
Ginger extract, 50 mg/kg 1.202 ± 0.018*/** 1.11 ± 0.05*/** 6.02 ± 0.03*/** 1.114 ± 0.074*/**
Ginger extract, 80 mg/kg 1.195 ± 0.011*/** 1.14 ± 0.02*/** 5.95 ± 0.04** 1.067 ± 0.043*/**
 “Arphasetin”, 60 ml/kg 1.192 ± 0.009*/** 1.10 ± 0.04*/** 5.97 ± 0.03** 1.098 ± 0.021*/**

Notes: * – the differences are statistically significant compared to the values of the IC group (p ≤ 0.05); ** – the differences are statistically 
significant compared to the values of the CP group (p ≤ 0.05).
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Thus, intragastric administration of Ginger extract 
in the dose of 50 and 80 mg/kg on the model of DMD 
type 2 in rats for 14 days was accompanied with a sig-
nificant normalization of the lipid metabolism confirmed 
by the positive dynamics of the corresponding indices. 
It should be noted that the use of Ginger extract in the 
dose of 80 mg/kg was the most pronounced at the level 
of the reference drug – “Arphasetin” herbal medicinal 
product, corrected pathological changes in the lipid me-
tabolism characteristic of type 2 diabetes. It suggests the 
feasibility of further studies of the extract exactly in this 
dose and the prospects of its use as an antidiabetic drug.

CONCLUSIONS
1. A daily subcutaneous introduction of dexametha-

sone in the dose of 0.125 mg/kg for 13 days led to de-
velopment of insulin resistance and dyslipidemia charac-
teristic of type 2 diabetes.

2. Under the effect of Ginger extract in the doses 
of 50 and 80 mg/kg the level of free fatty acids in the 
blood serum decreased, probably due to correction of 
insulin resistance manifestations and preservation of the 
insulin control effect on lipolysis. A significant inhibi-
tion of hypertriacylglycerolemia severity correlated with 
a decrease of apoB-LP production in the liver, and it in-
dicated correction of diabetic dyslipidemia. Ginger ext- 
ract in the dose of 80 mg/kg showed a more expressive 
ability to normalize the lipid metabolism at the level of the 
reference drug – “Arphasetin” herbal medicinal product.

3. The results obtained substantiate the further pharma-
cological study of Ginger extract in the dose of 80 mg/kg 
as a promising antiatherogenic drug in the complex treat-
ment of type 2 diabetes.

Conflict of Interests: authors have no conflict of 
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