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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.
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DocnigxeHHs rinoninigeMiyHMX BNacTUBOCTEN eCTpPaKTy iMOMpy Ha moaeni
LyKpoBoro giabety 2 Tuny, iHAYKOBaHOro feKkcaMmeTasoHOM

Meta — ekcnepumeHTansHe JOCNIMKEHHS rinoninigemMiyHMX BnacTUBOCTEN eKCTpakTy iMoupy Ha tni LI 2 Tuny.

MaTtepianu Ta meToau. [locnigxeHHs rinoninigemiyHnx BNacTUBOCTEN eKCTpaKTy iMOMpy NpOBOAMNN 3@ NOKa3HU-
Kamu ninigHoro o6miHy Ha mogeni LU 2 Tuny, iHgykoBaHOro AekcaMeTa3oHoM Y LypiB 18-MicA4YHOro BiKy.

Pe3ynbrati Ta ix o6roBopeHHs. EkcnepumeHTansHui L[ 2 Tuny cynpoBog)XyBaBCs MOPYLUEHHAM NinigHoro
0OMiHy, L0 MiaTBEPAXKYBaNock 3pOCTaHHAM TPUaLUNImiLepyaiB, BMICTY aTeporeHHUX anoB-ninonpoTeiHiB 3a ymoBu
OOHOYaCHOrO 3HXXEHHS MINONPOTEiHIB BUCOKOT LWiNbHOCTI Ta MOCUINEHHSM BMBINIbHEHHST BiNbHUX XXUPHUX KMCIOT 3 XK-
poBoi TKaHuHW. Mig BNNMBOM ekcTpakTy iMoupy y Ao3ax 50 ta 80 Mr/Kr 3HMKyBaBCS PiBEHb BiNlbHUX XXUPHUX KUCIOT Y
cupoBarLi kpoBi Ha 38,4 % Ta 38,9 %, BiporiaHo, BHacniaok KopekLii NposiBiB iHCYNiIHOPE3NCTEHTHOCTI Ta 36epexeHHs
Kepy4Ooro BNAMBY iHCYMiHy Ha ninonis. [loCToBipHe NPUrHIYEHHST BUPaXXeHOCTI rinepTpuauunmileponemii eKcTpakTom
imbupy nosoto 80 mr/kr Ha 35,1 % KopentoBano 3i 3MeHLLeHHAM npoaykuii anoB-J1 y neviHui, Wo cBigYMno npo Ko-
pekuito giabetnyHoi avcninigemii. Mpu LbOMy piBEHb aHTUATEPOreHHOI bpakLii — NiNoNpoTEeiHIB BUCOKOI LiNbHOCTI
OOCTOBIpHO nigBuLLyBaBcs Ha 26,1 Ta 29,5 % nig BnnvMBOM ekcTpakTy y gosax 50 ta 80 mr/kr BiagnoBigHO NOPiBHSHO
3 MoKasHWKaMun TBapuH KOHTPOnbHOI nartonorii. EkcTpakT imbupy fgosoto 80 mr/kr BusBmuB GinbLu BUpasHy 34aTHICTb
HOpMani3yBaTh NOKa3HWKK NiniaHOro oOMiHy Ha piBHI NpenapaTy NopiBHSIHHSA 360py «ApdaseTuH».

BucHoBku. BBeneHHs ekcTpakTy imoupy npotsarom 14-tn ai6 y gosax 50 ta 80 mr/kr Ha mogeni LI 2 tuny, iHayko-
BaHOro JeKCaMeTa3oHOM, CYNpOBOKYBaroch AOCTOBIPHOK HOopMarnisaLieto ninigHoro o6MiHy. 3acTocyBaHHS €KCTPakTy iM-
6upy fo3zoto 80 Mr/kr HanbinNbLL BUPaXXEHO Ha PiBHI MpenapaTy NopiBHAHHS 360py «ApdaseTnH» KoperyBano naTonorivHi
3MiHM MeTaboniamMy ninigie, xapakrepHi ana LA 2 Tuny, Wwo Ao3Bonse 3p00MTN BUCHOBOK NPO AOLUINBbHICTb NoganbLUmnx
AocnifKeHb eKCTpaKTy came Y Uil [03i Ta NePCNEKTUBHICTbL MOro 3aCTOCYBaHHA SK aHTUaTeporeHHoro 3acoby y Komn-
nekcHoMy nikyBaHHi LI 2 tuny.

Knroyoei crioea: ekcmpakm imbupy; yykposul diabem 2 mury; OekcamemasoH; ainorinidemiyHa Ois
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MccnepoBaHue rmnonunuaeMmnyeckux CBOMCTB 9KCTpaKTa MMOUpS Ha Mogenu
caxapHoro guaberta 2 Tuna, MHQYLUUPOBAHHOIO AEeKCaMeTa3oHOM

Llenb — akcnepymMeHTansHoe nccrnegoBaHne runonMnuaeMmnyYeckux CBOMCTB aKCTpakTa umbnps Ha coHe C[I 2 Tvna.

Marepuansl u meToabl. ViccneqoBaHve runonMnaeMmMyecknx CBOMCTB SKCTpakTa umobmpsa npoBoaunm no nokasa-
Tensm nunuaHoro obmeHa Ha mogenu C[1 2 Tvna, UHAYUMpPOBaHHOIO AeKCaMeTa3oHOM Y Kpbic 18-MecsyHoro Bo3pacra.

Pe3ynbTaTthl M nx obeyxaeHue. dkcnepumeHTanbHbii CL 2 Tna conpoBoXaancst HapyLleHMeMm nUnuaHoro
obmeHa, YTo NoATBEPXKAANoCk POCTOM TPUALMIIMNLEPUAOB, COAEPXKaHNS aTeporeHHbIX anoB-nvnonpotenHoB npu
OOHOBPEMEHHOM CHWKEHUW NNMOMNPOTENHOB BbICOKOW MAOTHOCTU U YCUIEHUWN BbICBOOOXAEHNS CBOOOOHBIX XUPHBLIX
KMCMOT M3 XMPOBOM TKaHW. lNoa BnusiHnemM akctpakta nmbups B Aosax 50 n 80 Mr/kr cHuxancs ypoBeHb CBOOOAHbIX
XMPHBIX KUCMOT B CbIBOPOTKE KpoBU Ha 38,4 % 1 38,9 %, BEpOSATHO, BCNEACTBME KOPPEKLMU NPOABIEHNA UHCYIINHO-
PE3NCTEHTHOCTM MU COXPAHEHWS YNPaBISOLLEro BO3AENCTBUS UHCYNMHA Ha nunonuns. [JocToBepHOE NofaBreHne Bbl-
PaXXeHHOCTW r’MNepTpUaLMNIMMLEPOSIEMUN IKCTPaKTOM MMOups B fo3e 80 mr/kr Ha 35,1 % KoppenupoBarno ¢ yMeHb-
WweHvem npogykuun anoB-J1IN B neveHn, 4TO CBMOETENBCTBOBANO O KOPpeKUMn anabetnyeckon aucnunuaemun. MNpu
3TOM YpPOBEHb aHTUATEPOreHHON (hpakLUMn — NMNONPOTEMHOB BbICOKOW MITIOTHOCTM AOCTOBEPHO MoBbiancsa Ha 26,1
n 29,5 % nopg BnusiHnem akcTpakTa B Ao3ax 50 n 80 Mr/kr COOTBETCTBEHHO MO CPABHEHUIO C NOKa3aTeNAMM XMUBOTHbIX
KOHTPOSbHOM NaTonormn. SKCTpakT umounps B gode 80 Mr/kr nposiBun 6onee BbipasuTerbHyt0 CNoCOBHOCTbL HOpMarnu-
30BaTb NokasaTenu nunuaHoro obMeHa Ha ypoBHe npenapara cpaBHeHus cbopa «ApdaseTuHy.

BbiBogbl. BBeaeHve akcTpakTa umobunps B TedeHne 14-tu cytok B Ao3ax 50 1 80 mr/kr Ha mogenu C[ 2 Tuna, nHay-
LUMPOBAHHOTO AeKcamMmeTa3oHOM, CONPOBOXAanocb JOCTOBEPHON HOpManuaauuen nunugHoro obmeHa. NpumeHeHne
aKcTpakTa nmbups B fose 80 mr/kr, Hanbonee BblpaxxeHHOEe Ha YPOBHE npenaparta cpaBHeHns cbopa «ApdaseTuHy,
KOPPEKTMPOBarno naTtonornyeckne n3aMeHeHnss Metabonuama nunuaoB, xapaktepHble ana C 2 Tuna, 4to no3sonser
caenaTb BbIBOA O LenecoobpasHoCTU AanbHEeNLWnX UCCnegoBaHUn 3KCTpakTa MMEHHO B 3TOM [03€ U NepCrneKkTuB-
HOCTU €ero NpYMEHEHUsI B KAYECTBE aHTMATEPOrEeHHOro CpeaCcTBa B KOMMMEKCHOM nedeHnn C 2 Tuna.

Knroyesnble crioea: skcmpakm umbupsi; caxapHbit duabem 2 muria; 0ekcamMema3oH; auronunudemuyeckoe delicmaue

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 P-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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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).

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 aresult of dexamethasone introduction in animals
of the CP 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).
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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, M £ m (n =7)

Indicat
The group of animals ndicators
HDL, mmol/I VHDL, mg/ml apoB-LP, mg/ml TAG, mmol/I
IC 0.678 +0.009 1.23+0.03 5.16 +0.02 0.827 £ 0.073
CcpP 1.956 + 0.013* 0.88 = 0.06 7.22 +0.07* 1.643 +£0.115%
Ginger extract, 30 mg/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).

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.



60 ISSN 1562-7241 (Print)

BICHWVK ®APMALLII 4 (92) 2017

ISSN 2415-8844 (Online)

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
interests to declare.
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