ISSN 2415-8844 (Online) VISNIK FARMACIT 1 (93) 2018 ISSN 1562-7241 (Print) 49

Recommended by Doctor of Biology, Professor A. L. Zagayko

UDC 615.322:615.451.1:616.379 https://doi.org/10.24959/nphj.18.2200

N. M. Kononenko, V. V. Chikitkina, M. V. Sorokyna, M. O. Ostapets

National University of Pharmacy

The effect of the Ginger dry extract on the indicators of the
carbohydrate metabolism under conditions of the experimental
metabolic syndrome in Syrian golden hamsters

Aim. To study the effect of the ginger dry extract on the indicators of the carbohydrate metabolism in the experi-
mental metabolic syndrome.

Materials and methods. The effect of the ginger dry extract on the carbohydrate metabolism was determined
by the level of basal glycemia, basal insulinemia, HOMA-IR index, HbA1c level, the glycogen content in the liver and
the body weight against the background of the metabolic syndrome induced by a high-calorie diet in Syrian golden
hamsters.

Results and discussion. Consumption of high-calorie food for 6 weeks led to development of the metabolic
syndrome, it was confirmed by an increase in the body weight, hyperglycemia, compensatory insulinemia, insulin
resistance, increased glycogenolysis in the liver and glycosylation of proteins. The use of the ginger dry extract in the
dose of 80 mg/kg over the period of 14 days reliably reduced blood glucose by 43.3 % and normalized insulinemia by
32.8 % affecting a decrease in the HOMA-IR index. The introduction of the ginger extract in the dose of 80 mg/kg was
also accompanied by suppression of protein glycosylation by 29.6 % and restoration of glycogen-forming function of
the liver. By its ability to restore the carbohydrate metabolism the ginger dry extract in the dose of 80 mg/kg did not
differ from metformin and exceeded the effectiveness of the herbal drug “Arphasetin”. It is probably due to the powerful
complex pharmacological action of phenolic compounds of ginger — gingerols and other components.

Conclusions. On the experimental model of the metabolic syndrome the use of the ginger dry extract normalized
blood glucose, insulinemia, decreased insulin resistance and restored the glycogen content in the liver at the level
of metformin. By the intensity of the pharmacological action the ginger extract exceeded the reference herbal drug
“Arphasetin”. This fact is the basis for its further pharmacological study as a promising agent for the treatment of the
metabolic syndrome and type 2 diabetes.
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H. M. KoHoHeHko, B. B. YikiTkiHa, M. B. CopokiHa, M. O. OcTtaneub

BnnuB cyxoro eKcTpakTy iMmoUpy Ha NOKa3HMKKU BYrneBoAHOro ooMiHy 3a ymoBu
eKCcrnepuMeHTarbHOro MetabosiYyHoro CUHAPOMY Yy CUPINCBLKUX 305I0TaBUX XOM’SIYKIB

MeTta — BMBYEHHS BNNNBY CYXOro eKCTPaKTy iMOMpy Ha NMOKasHWKWU BYrNeBOAHOrO 0OMiHY 3a YMOBMW eKCnepuMeEH-
TanbHOro MeTabomniyHOro CMHOPOMY.

MaTepianu Ta metoam. Bn3HayeHHsA BMMBY CyXOro eKCTpakTy iMOupy Ha ByrneBogHMn 0OMiH NpoBOAuNK 3a
piBHeM GaszanbHoi rnikemii, 6aszansHoi iHcyniHeMii, iHaekcom HOMA-IR, piBHem HbA1c, BMiCTOM rmikoreHy y neviHui
Ta Macol Tina Ha TNni MeTaboniyHoro CUHAPOMY, iHOYKOBAHOIO BUCOKOKANOPIAHOK AIETO Y CUPINCLKMX 30110TaBUX
XOM’SIUKIB.

Pe3ynbraTy Ta ix o6roBopeHHsA. CnoXnBaHHS BUCOKOKANOPINHOI ki BNIPOAOBX 6 TWKHIB NPU3BOAMIO 4O PO3-
BUTKY MeTabomiyHOro CMHAPOMY, L0 MiATBEpAXyBanochk 30iMbLIEHHAM Macu Tina, rineprrikemieto, KOMNeHCaToOpPHO
iHCYyniHeMi€t0, IHCYNiIHOPE3NCTEHTHICTIO, MOCUNEHHAM MPOLECIB MMIKOreHonidy y MeviHui Ta rmiko3unoBaHHA Ginkis.
3acTocyBaHHS CyXOro ekcTpakTy iMoupy fosoto 80 mr/kr Bnpogosx 14 gHiB foctoBipHO Ha 43,3 % 3HWKyBarno piBeHb
rMoKo3n B KpoBi Ta Ha 32,8 % HopmanisyBano iHcyrniHeMito, LWo Bigobpaxanocsa 3meHweHHAM iHgekcy HOMA-IR.
YBefeHHs ekcTpakTy imoupy A030t0 80 Mr/Kr Takox CynpOBOAKYBaroCh NPUIrHiYeHHAM NpoLecy rMiko3unioBaHHS 6in-
KiB Ha 29,6 % Ta BiOHOBMEHHSIM [MiKOreHOYTBOPOBAmNbHOI (PYHKLIT NeYiHkM. 3a 3aaTHICTIO BiAHOBMNIOBATU MOKA3HUKM
BYINEBOAHOrO 0O6MiHY CyXuMIn eKCTpaKT iMOmpy o300 80 Mr/kr He BiApi3HsIBCA Big MeT(OPMIHY Ta NepeBuLLyBaB edek-
TUBHICTb 360py «AphaseTuHy, L0, MOXINBO, 0OYMOBMEHO MOTYXXHOK KOMMMEKCHOK dhapMaKomnoriyHo Aieto heHornb-
HMX CMonyK iMBUpyY — riHreponiB Ta iHLWMX CKNaZoBMX KOMMOHEHTIB.

BucHoBku. Ha ekcnepumeHTanbHin Mogeni MeTaboniyHoro CUHAPOMY 3aCTOCYBaHHS CYXOro eKCTpakTy imoupy
HopMmanidyBarno rMikemito, iHCyniHeMmito, 3MeHLLYBarno iHCYNiHOPE3NCTEHTICTb Ta BiAHOBMNIOBANO BMICT [FiKOreHy y ne-
YiHUi Ha piBHI MeTdopMiHy. 3a BUpa3HiCTIO hapMaKonorivyHoi Ail ekcTpakT iMOupy nepeBaxaB npenapaTt NopiBHAHHSA
30ip «AphaseTuHy, Wo € 0brpyHTyBaHHSAM noganbLlioro hapMakonoriyHOro BUBYEHHS EKCTPaKTY iMOMPY Sk nepcnek-
TMBHOrO 3acoby Ans nikyBaHHA MeTabonivyHoro cuHgpomy Ta LA 2 tuny.

Knrodoei crioea: cyxuli ekcmpakm imbupy; MmemabosiyHul cuHOpOM, 8UCOKOKaropitiHa diema; 8y2rneso0HUl 0O6MiH
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BnusiHue cyxoro akcTpakTa UMGUpPA Ha NokasaTenu yrneBogHoOro oomMeHa
npu 3KcnepuMeHTaribHOM MeTabonn4YeckoM CUHAPOME Y CUPUMACKUX 305I0TUCTbIX
XOMSIYKOB

Lenb — n3yyeHune BNMSHNS CyxOro aKCTpakTa MMOUpst Ha nokasaTenu yrneBogHoro obMeHa npu skcnepuMeHTanb-
HOM MeTabonnyeckom CUHOPOME.

MaTtepuanbl u metoabl. OnpeaeneHune BIUSIHUSI CYXOro 3KCTpakTa UMOMps Ha yrneBoAHbIN 06MeH NpoBOANUM Mo
ypOBHI0 6azanbHow rmukemun, 6asaneHon nHcynuHemmm, niaekcy HOMA-IR, yposHio HbA1c, cogepkaHuto rmmkore-
Ha B MeYeHn 1 Mo macce Terna Ha poHe MeTabonmMyecKoro CMHAPOMa, MHAYLMPOBAHHOIO BbICOKOKaNopUMHOWM ANETOM
Y CUPUNACKUX 30M1I0TUCTBIX XOMSIYKOB.

Pe3ynbrathl U ux obcyxaeHue. NoTpebneHne BbICOKOKANOPUNHOWM NULLKM B TeYeHue 6 Heaenb NpuBoguIio K
pasBUTUI0 METABONNYECKOro CUHAPOMA, YTO NMOATBEPXKAAanoch yBenuM4yeHnem Macchl Tena, runeprinkeMmen, KoMneH-
CaTOPHOWM MHCYNUHEMUEN, NHCYNIMHOPE3NCTEHTHOCTbLIO, YCUINEHNEM MPOLIECCOB TMMKOreHONN3a B NEYEHN U FMNKO3U-
nupoBaHus 6enkoB. MpuMeHeHne cyxoro akcTpakTa umbupst B fo3e 80 mr/kr B TedyeHne 14 gHew goctoBepHo Ha 43,3 %
CHM>Xarno YpoBEHb [MOKO3bl B KPOBM 1 Ha 32,8 % HOpMann3oBano UHCYNMHEMMIO, YTO OTpaXanocb YMEHbLUEHUEM
nHaekca HOMA-IR. BeegeHue akcTpakTa umbups B go3e 80 Mr/Kr Takke CONpoBOXAANOCh YTHETEHMEM MNpoLecca rmu-
Ko3unvpoBaHusa 6enkoB Ha 29,6 % ¥ BOCCTaHOBMEHUEM FMMKOreHooOpa3oBaTenbHOM yHKUMM neveHun. o cnocob-
HOCTW BOCCTaHaBMMBaTb NokasaTenu yrneBoAHoro obMeHa Cyxom aKCTpakT umoupsa B gose 80 Mr/kr He oTnmyancs ot
MeTcopMuHa 1 npesbiwan 3deKTUBHOCTb cbopa «ApdaseTuH», YTo, BO3MOXHO, 00YCNOBMNEHO MOLLHbLIM KOMMEKC-
HbIM (hbapMakonorm4yeckum AencTBueM eHorbHbIX COEAMHEHN UMBMPS — TMHrEepPOsIOB U APYrMX COCTaBMNSAOLLMX KOM-
NMOHEHTOB.

BbiBoAbl. Ha akcneprmeHTanbHom Mogenyu Metabonnyeckoro CUHAPOMa NPMMEHEHME CYXOro SKCTpakTa nmbumps
HOPManun3oBarno YPOBEHb [MHOKO3bl B KPOBU, MHCYNTMHEMUN, YMEHbLLANO UHCYNMHOPE3UCTEHTHOCTb 1 BOCCTaHaBMMU-
Baro COAepXaHue rmuKoreHa B Ne4YeHn Ha ypoBHe meTdopmMuHa. 1o BbipasuTenbHOCTM hapMakonormiyeckoro aen-
CTBUS 9KCTPaKT MMOMPs NpeBbILLan npenapat cpaBHeHUst coop «ApdaseTuHy», YTo aBnsieTcst 060CHOBaHWEM Afsi ero
AanbHenLero hapMakornorm4eckoro U3y4yeHust B Ka4ecTse NepCnekTMBHOMO CPeACcTBa As NeYeHns MeTabonuyeckoro

cuHgpoma n CL 2 tuna.

Knroveenle cnoea: cyxoli skcmpakm umbupsi; Memabonudeckull CUHOPOM; 8bICOKOKanoputiHass duema;

yarneeodHbIli 0bMeH

According to the modern concepts the metabolic synd
rome (MS) is a complex of metabolic, hormonal and
clinical disorders that can be as factors of high risk for
development of cardiovascular diseases. The main mani-
festations of MS are the abdominal type of obesity, insu-
lin resistance and compensatory hyperinsulinemia, dys-
lipidemia, arterial hypertension, glucose tolerance/ type 2
diabetes mellitus (DM), early atherosclerosis / ischemic
heart disease, hemostasis disorder, hyperuricemia and
gout, microalbuminuria, hyperandrogenemia [1].

Today MS attracts the attention of many experts since
it precedes the emergence of type 2 diabetes mellitus (DM)
and atherosclerosis — diseases that presently are major
causes of mortality [2]. Increased interest is due to the fact
that MS is a reversible condition — with the appropriate
timely treatment the disappearance or a significant reduc-
tion of its main manifestations can be achieved.

The basic aim of the treatment of patients with MS
is correction of the main components of of MS, such as
insulin resistance and hyperinsulinemia, arterial hyper-
tension, obesity and lipid metabolism disorders. Along
with changes in the lifestyle and drug correction an im-
portant role in complex therapy of MS and type 2 DM
is played by herbal products that due to a wide range
of the pharmacological action can regulate the carbo-
hydrate and the metabolism, blood pressure, blood rheo-
logy, normalize the body weight. The results of nume-
rous experimental and clinical studies indicate the hypo-
glycemic, hypolipidemic, antioxidant properties that plants

exhibit, including ginger, which is a famous spice, and
the source of useful and medicinal substances [3-5].
Biologically active substances developed on the basis of
ginger root are used for the prevention and treatment of
different diseases as anti-inflammatory, antitumor, anti-
oxidant, antidiabetic drugs. It has been found that ginger
decreases glucose levels in the blood, enhances glyco-
gen genesis, improves the synthesis of insulin and re-
parative properties of the pancreas, and normalizes the
lipid metabolism [6, 7].

The aim of the work was to study the effect of the
ginger dry extract on the indicators of the carbohydrate
metabolism in the experimental metabolic syndrome in-
duced in Syrian golden hamsters.

Materials and methods

A dry extract of common ginger (Zingiber officina-
le) produced by “Medagroprom”, Dnipro, was obtained
from the ginger rhizomes by extraction with 50 % alcohol
and spray drying. The ginger dry extract (IMB) contains
phenolic compounds — gingeroles (not less than 5 %)
that provide its pharmacological activity, and a dry resi-
due (at least 95 %).

In the experiment Syrian golden male hamsters (20 weeks
old at the beginning of the experiment) were used; they
were kept under standard conditions in the vivarium of
the Central Research Laboratory of the National Uni-
versity of Pharmacy at a temperature of 22 + 1°C, hu-
midity of 50-60 %, in a room with changing the day or
night light regimes.
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The metabolic syndrome was modeled by keeping
the hamsters on a high-calorie (hypercaloric) diet rich
in energy (containing 29 % of fats — mainly saturated
lipids) and fructose (1 g a day per 100 g of the body
weight) as an aqueous solution for 6 weeks [8].

Hamsters were divided into the following experimen-
tal groups: group 1 — animals of the intact control (IC);
group 2 — animals of the control pathology (CP), they
were kept on a high-calorie diet for 6 weeks; groups 3
and 4 — animals that starting from the 4th week of the ex-
periment were injected intragastrically with an aqueous
solution of the ginger extract in the doses of 50 and
80 mg/kg for 14 days (IMB50, IMBS80) against the back-
ground of a high-calorie diet; groups 5 and 6 — animals
that starting from the 4-th week of the experiment against
the background of a high-calorie diet were injected in-
tragastrically the reference drugs: an infusion of the anti-
diabetic herbal drug “Arphasetin” (produced by “Lik-
travy”, Ukraine) in the dose of 16 ml/kg and a hypogly-
cemic drug metformin from the group of biguanides in
the dose of 60 mg/kg for 14 days.

On the 1st day before the start and after 6 weeks of the
experiment the body weight of animals was measured.

The state of the carbohydrate metabolism against the
background of the model pathology was assessed by the
level of basal glycemia and basal insulinemia [9].

The glucose concentration in the blood serum of ani-
mals was determined on an empty stomach by the glucose
oxidase method using a “One touch ultra-easy” glucose me-
ter (manufactured by LifeScan, Johnson & Johnson, USA).

The concentration of insulin in the blood serum was
determined by the immunoassay method using a standard
kit of “DRG” reagents (manufactured in Germany).

The index of insulin resistance (HOMA-IR index)
was calculated based on the values of glucose and insu-
lin in the blood of animals on an empty stomach using

the HOMA algorithm (Homeostasis Model Assessment) [10].

The level of glycosylated hemoglobin (HbAlc), an
important criterion for the compensation of diabetes mel-
litus and MS, was determined by the immuno-turbidi-
metric method using an Erba Lachema kit (Czech Re-
public).

At the end of the experiment the animals were de-
capitated under etheric anesthesia, and the glycogen con-
tent was determined in the liver homogenates using stan-
dard biochemical kits of domestic production [11].

The statistical processing of the results was perfor-
med on a personal computer using Excel packages and Sta-
tistica 6.0 for Windows. The Newman-Keys and Mana-
Whitney tests were used to determine the probable dif-
ferences between the experimental groups. Differences
were considered statistically significant at p < 0.05.

Results and discussion

It is known that consumption of high calorie food
leads to obesity that is closely associated with the risk
of developing MS and type 2 diabetes. Keeping animals
on a hypercaloric high-fructose diet for 6 weeks resulted
in obesity since the increase in the body weight in CP
hamsters was significantly 3 times greater than the same
indicator in IC group (Table).

At the same time, in CP animals the severe hyper-
glycemia and hyperinsulinemia with a significant increa-
se of glucose and insulin levels by 3.0 and 1.63 times,
respectively, were developed compared to IC (Table).
It is known that the simultaneous increase of glucose
and insulin levels is considered as a manifestation of in-
sulin resistance. To confirm it the HOMA-IR index was
calculated, it increased significantly by 2.33 times com-
pared to the IC group (Table). It indicated formation of
severe disorders of the carbohydrate metabolism and de-
velopment of insulin resistance as one of the main patho-
genetic links of MS.

Table

The effect of the ginger dry extract on the indicators of the carbohydrate metabolism in the experimental
metabolic syndrome

Indicator IC CcP IMB50 IMB80 “Arphasetin” Metformin
Glucose. mmoll 518 + 13.57 + 9.59 + 6.70 + 8.88 + 6.40 +
g 0.48 0.55* 0.57%/* 0.52%* 0.52%/** 0.21%*
nsulin omol/ 82,55+ 134.18 + 113.17 + 90.12 + 95.93 + 89.03 +
P 2.32 2.22% 3.44* 1.25%/*%/a 1.89%/%* 1.25%/*%/a
HOMA-IR 1.55 3.61* 2.68* 1.93%* 2.21%/% 1.81%*
59+ 98+ 73+ 6.9 + 73+ 72+
0
HbA1c, % 0.22 0.53* 0.43%/** 0.28%* 0.52%/%* 0.48%/**
ISL"rc‘r;ge/q ggthﬁf 23265+ 10983 + 18735 + 21462 + 1439.5 + 2165.0 +
,mg/1ovg 219.41 103.94% 304.62%* 251.18%* 244.57%%/a 275.34%%/3
the tissue
"k‘)cgjasvié? tthe 305 + 923+ 445 + 345+ 543+ 335+
pody welg 3.3 6.3* 4.0%[*x 5.3*%/a 7.3%/%% 5.2%%/3
within 6 weeks, g

Notes: * — statistically significant difference in relation to the values of IC group (p < 0.05); ** - statistically significant difference in relation to
the values of CP group (p < 0.05); a - statistically significant difference in relation to the values of the group taking “Arphasetin” (p < 0.05).
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Disorders of glucose utilization in CP hamsters were
also characterized by a decrease in the glycogen stores
in the liver by 2 times. It confirms development of liver
resistance to the insulin action, which results in the pro-
cesses of glycogenolysis and gluconeogenesis (Table).

On the background of chronic hyperglycemia the in-
crease of HbA 1c¢ content by 66.1 % was observed com-
pared to the IC indicators. It indicated a high level of
glycosylation of proteins in this model of MS.

Therefore, changes in the indicators characterizing
the state of the carbohydrate metabolism of golden hams-
ters kept on the high-calorie diet indicate simulation of the
MS state characterized by hyperglycemia, compensato-
ry hyperinsulinemia, insulin resistance, increased glyco-
genolysis in the liver and glycosylation of proteins.

According to the data presented in Table the body
weight increased in all experimental hamsters, but dy-
namics of its increasing in animals receiving IMB in the
dose of 80 mg/kg and metformin did not statistically dif-
fer from the group of IC. The ginger extract in the dose
of 50 mg/kg moderately inhibited development of obe-
sity in a similar way as the reference drug “Arphasetin”.

The use of IMB for 14 days simultaneously with the
hypercaloric diet was accompanied with a possible de-
crease in the indicators reflecting the state of the glyce-
mic profile. It should be noted that the maximum thera-
peutic effect was observed with the use of IMB in the
dose of 80 mg/kg. Thus, the intragastric introduction of
IMB in the dose of 80 mg/kg was accompanied by a
significant reduction in the severity of hyperglycemia by
43.3 % compared to CP animals at the metformin level,
while using it in the dose of 50 mg/kg resulted in decrea-
sing of this indicator by 29.2 %. The level of glucose at
the end of the experiment in the groups of IMB80 and
metformin, unlike IMB50 and “Arphasetin”, did not sig-
nificantly differ from the value of IC although it did not
normalize completely. The data obtained reflect the exp-
ressed acceleration of glucose utilization under the ef-
fect of IMBS8O0 in the conditions of the experimental MS.

There is clinical evidence that hyperinsulinemia is an
independent risk factor for coronary heart disease [10].
Insulin has a direct atherogenic effect on the walls of
vessels, adding a significant contribution to development
and progression of atherosclerosis. Under the effect of
IMB, probably due to decrease of hypoglycaemia, hy-
perinsulinemia decreased too, it was confirmed by de-
crease in the insulin level by 15.7 % compared to IC in
case of using IMB in the dose of 50 mg/kg and by 32.8 %
in case of introduction of IMB in the dose of 80 mg/kg.
The process of normalizing insulin in the group of IMB80
was the same as in the metformin group and significant-
ly exceeded the effect of “Arphasetin” and IMB50.

Confirmation of the corrective effect on insulin re-
sistance manifestations was a significant decrease in the

HOMA-IR index by 46.5 and 49.8 % in hamsters re-
ceiving IMB in the dose of 80 mg/kg and metformin in
animals of the CP group. The percentage of HOMA-IR
decreased under the effect of IMB in the dose of 50 mg/kg
and “Arphasetin” compared to CP, and it was 25.7 and
38.8 %, respectively.

The determination of HbAlc is considered to be a
criterion for normalization of the carbohydrate metabo-
lism and the effectiveness of the metabolic control, which
should be at the level of 6.5 %, and if the potential hypo-
glycaemic agent is used, it is the confirmation of its abi-
lity to reduce the risk of micro- and macrovascular compli-
cations of diabetes [ 11]. Under the conditions of our ex-
periment the introduction of IMB in the dose of 50 mg/kg
was accompanied with the decrease in the HbA1 level
by 25.6 % compared to “Arphasetin”, while decrease of
this indicator by 29.6 % when using IMB80 was con-
sistent with the metformin effect.

Consequently, IMB did not differ from metformin
and exceeded the effectiveness of the herbal drug “Arpha-
setin” by the effect on the level of glucose, the HOMA-IR
index and HbAlc. It is probably due to the powerful
complex pharmacological action of phenolic compounds
of ginger — gingerols and other components having hypo-
glycemic, antioxidant, antidiabetic properties according
to the literature data [3-5].

The ability to restore the glycogen-forming function
of the liver IMB in the dose of 80 mg/kg was on the
same level with metformin and reliably exceeded the
effect of “Arphasetin”.

Thus, the results obtained indicate the ability of IMB
to normalize the carbohydrate metabolism, reduce mani-
festations of insulin resistance under the conditions of
the experimental MS and confirm the feasibility of its
further study as an antidiabetic drug.

CONCLUSIONS

1. Keeping hamsters on a hypercaloric high-fructo-
se high-calorie diet for 6 weeks led to manifestations of
the metabolic syndrome, it was confirmed by develop-
ment of hyperglycemia, hyperinsulinemia, the increase
of the HOMA-IR index, the level of HbA1lc and the de-
crease of the liver glycogen content.

2. The use of the ginger extract in the dose of 80 mg/kg
normalized insulin glycemia, decreased insulin resistan-
ce restored the glycogen content in the liver at the level
of metformin. By the intensity of the pharmacological
action the ginger extract exceeded the reference herbal
drug “Arphasetin”.

3. The results obtained substantiate the further phar-
macological study of the ginger extract as a promising
agent for the treatment of the metabolic syndrome and
type 2 diabetes.

Conflict of Interests: authors have no conflict of
interests to declare.
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