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PHARMACOLOGICAL EVALUATION OF SUSTAINED RELEASE
MATRIX TABLETS CONTAINING VACCINIUM MYRTILLUS
LEAF DRY EXTRACT AS AN ALPHA-GLUCOSIDASE
INHIBITORY DRUG

Vaccinium myrtillus leaves are the source of natural polyphenols known to improve glycemic control in diabetic con-
ditions through different mechanisms including intestinal a-glucosidase inhibition. In order to increase the effectiveness
of V. myrtillus leaf dry extract as a-glucosidase inhibitory drug its sustained release matrix tablets have been developed.

Aim. To carry out the pharmacological evaluation of V. myrtillus leaf dry extract and its sustained release matrix
tablets as a-glucosidase inhibitory agents.

Materials and methods. The matrix tablets were prepared by te wet granulation method. Experimental alimentary
metabolic syndrome with persistent insulin resistance was induced in Syrian hamsters by feeding them with highly
palatable fat- and sugar rich diet for 12 weeks. From the tenth week of the diet feeding, the pathological hamsters were
treated with V. myrtillus leaf dry extract, its sustained release matrix tablets and voglibose tablets as a reference drug.
At the end of the treatment period an oral maltose loading test with the determination of blood glucose and serum in-
sulin concentration dynamics was performed. Vaccinium myrtillus leaf dry extract (VMLDE) was obtained according to
the method developed under the supervision of Dr. O. Koshoviy (Department of Pharmacognosy, National University of
Pharmacy, Kharkiv, Ukraine) [13]. The excipients used to manufacture sustained release matrix tablets were hypromel-
lose (HPMC) of grades Methocel K4M and Methocel K100LV (Dow Chemical Company, USA), Eudragit L100 (Evonik,
Germany), microcrystalline cellulose (MCC) of a grade Avicel PH101 (FMC BioPolymer, USA), Plasdone S-630 (Ashland
Inc., USA) and magnesium stearate (S.D. Fine. Chemicals Ltd., India). The tablets containing 0.2 mg of voglibose (“Voksid”
produced by Kusum Pharm LLC, Ukraine), a marketed a-glucose inhibitor, were used as a reference drug in this study.
Methods used : preparation of sustained release matrix tablets, induction of metabolic syndrome and experimental de-
sign, biochemical tests, statistical analysis.

Results and discussion. By all markers studied in this work the effectiveness of matrix tablets containing V. myrtil-
lus leaf dry extract exceeded that one of the pure extract and statistically significantly did not differ from reference drug.

Conclusions. V. myrtillus leaf dry extract and its matrix tablets possess the antidiabetic action through several
mechanisms, including, but not only intestinal a-glucosidase inhibition, therefore they can be considered as promising
agents in diabetes and metabolic syndrome treatment.

Key words: Vaccinium myrtillus leaves; herbal extract; matrix tablets; diabetes mellitus; alpha-glucosidase inhibition;
hamsters

T. €. KosticHuk, [. B. J/IuTKiH, A. JI. 3araiiko, O. A. Py6an
dapmMakoJioriyHa oniHKa MaTPUYHUX Ta6JIETOK TPUBAJI0r0 BUBIJIbHEHHS, 110 MiCTATH

CyXU# eKCTPAKT JUCTA YOPHUILLi, B IKOCTi iHri6iTopa asnbda-mioKo3ujas

JlucTs YopHUL 3BUYAKHOI € [PKepesIoM NPUPOJHUX MoJipeHOIiB, AKi MOKPALYIOTh [JIiIKeMiYHUH KOHTPOJIb NIPU
JiabeTUYHUX CTaHaX 3aBJsIKU Pi3HUM MexXaHi3MaM, BKJIIOYal4yH iHri6yBaHHS KUILIKOBUX A-IJIFOKO3UAA3. 3 METOIO Mijl-
BHIIEHHSI e)EeKTUBHOCTI CyXOro eKCTPAKTY JIMCTA YOPHHUIi sIK 3aco6y, 110 iHTi6ye a-IJII0KO3K4asHy, 6yJiu po3pobiieHi
Horo MaTpu4Hi TabJeTKH TPUBAJIOTO BUBITbHEHHS.

MeTo10 jaHO1 po60TH Gysia papMaKoJIOTiYHA OLiHKA CYyXOro eKCTPAKTY JIMCTS YOPHUILLi Ta HOTO MaTPUYHUX TabJie-
TOK TPUBAJIOr0 BUBIJIbHEHHS SIK 3aC06iB, 1110 iHTi6YIOTh A-TJIIOKO3U/a3H.

Marepiaiu Ta MeToAu. MaTpryHi TabJeTKN 0 ep>KyBalid METOJOM BoJioroi rpanynsanil. EkcnepuMeHTanbHUN
aJiMeHTapHUU MeTaboiUHUI CUHPOM 3i CTiIHKOI0 iHCY/IHOPE3UCTEHTHICTIO iHYKYBaJIM y CUPIAChKUX XOM'sIKiB 3 6a-
raTom Ha kupu Ta ByrieBoau (HPFS) aieToro BpozoBxk 12 THXKHIB. 3 1eCATOr0 TYXKHS JJIETH XOM'SIKU 3 MOZIe/IbHOIO Ta-
TOJIOTIE0 OTPHUMYBAJIM CyXHH eKCTPaKT JIMCTSA YOPHHUILi, HOro MaTpuyHi TaGJeTKM TPUBAIOTO BUBIIbHEHHS i TaGJIeTKN
BOIVi603U B IKOCTi pedpepeHTHOTO npenapaTy. HanpukiHui nepioay siKyBaHHS NPOBOJUJIN EPOPATbHUN TECT Maslb-
TO3HOI'0 HABaHTAXKEHHS 3 BU3HAYEHHSAM JJUHAMiKU KOHLeHTpalill [VIF0KO3U B KPOBi Ta iHCYJIIHY B CUpOBaTILi KPOBi.

Pe3ysnbraTH Ta ix 06roBopeHHs. 3a BciMa JoCIiKeHUMH B laHii po60Ti NoKa3HUKaMH epeKTUBHICTb MaTpU-
HUX TA6JIETOK, 110 MiCTATh CYXUH €KCTPAKT JIMCTS YOPHHUILi, NepeBUIyBasa eGeKTUBHICTb YUCTOrO eKCTPAKTY i cTa-
TUCTUYHO 3HAYMMO He BiApi3HsAIacA B pedepeHTHOro npenapary.

BucHoBKU. Cyxnii eKCTPAKT JIUCTSA YOPHHILi Ta HOro MaTpUYHi TabIeTKH YMHATD aHTUAIa6e TUYHY Ail0 Yepes fie-
KiJibKa MexaHi3MiB, BKJIIOUAIOUU He TiJIbKU iHri6yBaHHS KULUIKOBUX A-TJIFOKO3M/a3; OTKe, BOHU MOXYTb PO3IJIsSAATHUCS
SIK IIepCIeKTUBHI 3aco6H [Jis1 JTiKyBaHHA Jiila6eTy Ta MeTa60/1iYHOr0 CUHIPOMY.

Kawuosi caoea: wopHuyi aucmsi; pocauHHull ekcmpakm; MampuyHi mabiemku; yykposuli diabem; iH2i6ye8aHHs
anv@a-2a10k03udas; Xom'siku
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¢apmaxonoruqecxaﬂ OIl€HKA MaTPUYHBIX Ta6JIeTOK AJINTEJIbBHOI'O Bl:ICBOﬁO)KAEHI/Iﬂ,
coJeprKalux nyoﬁ IKCTPAKT JIMCTbE€B Y€PHUKH, B Ka4eCTBe HHFHﬁ"TOpa
aan)a-rmolcosnaas

JIuCTbsl YePHUKHU 0ObIKHOBEHHOM SIBJISIIOTCS HCTOUHUKOM MTPHUPO/IHBIX M0JIM(PEHO0JI0B, KOTOPbIE YIy4YLIaloT [VIMKe-
MUY€ECKUN KOHTPOJIb IPH JUA6EeTUYECKUX COCTOSIHUSAX 6J1aro/japs pa3/IndHbIM MeXaHHU3MaM, BKJII04Yasi MHTUOUPOBaHUE
KHUIIEYHBIX O-TTII0K031/a3. C 1eJbio NoBbIeHNUs 3G PEKTHBHOCTH CYXOr'o 9KCTPAKTA JIUCTheB YePHUKU KaK CPe/ICTBa,
HMHTUOUPYIOILEro o-IJII0K03K/a3bl, 6bIIM pPa3paboTaHbl o MaTPUYHbIE TaGJeTKHU JJIUTENbHOTO BbICBOGOXKAEHUS.

Llesbio faHHOU paGoThl 6bl1a GapMaKOJIOTHYECKasl OlleHKa CYXOT0 IKCTPAKTa JUCThEB YePHUKH U ero MaTpuy-
HBIX Ta6JIeTOK JJIUTEJBbHOTO BEICBOOOK/IEHUS KaK CPe/ICTB, HHTMOUPYIOIIUX O-IJII0KO3U/1a3bl.

MaTepuaJsibl U METOABL. MaTpUyuHble TabGJIETKH MOJyYald METO/JOM BJIAXKHOU IPaHYJIALMU. JKCIIepUMeHTalbHbIN
QJIMMEHTapHbINA MeTaboJIMYeCKUN CUHAPOM C YCTOHYUBOW MHCYJIMHOPE3UCTEHTHOCTHIO HHAYIIMPOBAIN Y CUPUHCKUX
XOMSKOB AMeToH, 6oraToil xxupamu u yriesogamu (HPFS) B Teuenue 12 Hefesnb. C fecsiTON Hefesn JUETHI XOMSKH C
MO/IeJIbHOU MaTOJIOTMeN NOJIyYad CyXOW 3KCTPAKT JIMCThbeB YEPHUKH, er0 MaTPUUYHbIe TabJIeTKH JJIMTEJbHOTO BbICBO-
602/1eHUsI ¥ TaBJIETKU BOIVIMG03bI B Ka4ecTBe pedepeHTHOro penapara. B KoHIie neprozia JiedeHu s IPOBO/UIIH IIepopaIbHbIH
TeCT MaJIbTO3HOH HAarpy3KH C onpezeseHneM JUHAMUKH KOHLIEHTPALMH [JII0KO3bl B KDOBHU U MHCYJIMHA B CBIBOPOTKE
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KPOBH.

Pe3y/IbTaThl U UX 06CYyxKAeHUe. [10 BceM HCCle[oBaHHbBIM B JJAHHOW paboTe NoKasaTesisiM 3G PeKTUBHOCTb MaTPHY-
HBIX TabJIETOK, COAlePKAIIMX CYXOH IKCTPAKT JIMCThEB YEePHHUKH, MpeBbIliana 3P PeKTUBHOCTb YUCTOr0 IKCTPAKTA U
CTaTHCTHUYECKH 3HAaYMMO He OTJIMYaIach oT pedpepeHTHOro npenapara.

Bo1BoABI. CyX0H SKCTPAKT JINCTHEB YEPHUKH U €I'0 MaTPUUHbIEe TabJETKH OKa3bIBAIOT aHTUANAOETHYECKOE JlefcTBHE
yepe3 HECKOJIbKO MeXaHM3MOB, BKJII04asl He TOJIbKO MHIM6HUpPOBaHHe KUIIEYHbIX -IJII0K03K/1a3; CJie/l0BaTebHO, OHU
MOTyT pacCMaTPUBAThCsl KaK MePCIeKTHBHbIE CPE/ICTBA JJIs JIedeH sl AuabeTa 1 MeTab0oJIMYeCcKoro CHHAPOMa.

Katoueevle c108a: vepHUKU AUCMbS; pacmMumMenbHblll SKCmpakm; Mampu4Hsle mab.1emku; caxapHulll duabem; uH-

2ubupoganue anb@a-2aA10ko3udas; XOMsKu

INTRODUCTION

Diabetes mellitus type 2 (DMT2) is a chronic meta-
bolic disorder that has spread worldwide, regardless of
geographical location, population features and economic
development level. According to the International Dia-
betes Federation (IDF) in 2017 the number of people with
diabetes (20-79 years) was estimated to be 424.9 mil-
lion and approximately 90 % of them have type 2 dia-
betes. It should also be noted that in 2017 there were
around 4 million cases of death caused by diabetes [1].

The current approaches in DMT2 therapy include mo-
dification of lifestyle, obesity treatment and administra-
tion of oral hypoglycemic agents like biguanides, sulfo-
nylureas, thiazolidinediones, alpha-glucosidase inhibitors,
dipeptidyl peptidase-4 inhibitors, etc. However, despite
such an abundance of antidiabetic medications the global
situation with diabetes has not been improved so far.
Since these drugs should be administered during very
long periods they have increased risk to develop serious
adverse effects, which often restrict the effectiveness of
glycemic control in diabetes. In this context, various subs-
tances and compounds of plant origin have been investi-
gated in the treatment of diabetes experimental models
and nowadays many of them are considered as a good
alternative to synthetic antidiabetic drugs [2-4].

Bilberry (Vaccinium myrtillus L.) leaves are one of
the richest sources of natural polyphenolic compounds.
Among them hydroxycinnamic acids, especially chloro-
genic acid, are the most dominant [5]. These phytochemi-
cals possess antidiabetic action and improve glycemic cont-
rol through several mechanisms, including inhibition of
carbohydrate digestion and glucose absorption in the small
intestine, stimulation of insulin secretion by pancreatic

cells, as well as activation of insulin receptors and glu-
cose uptake in the insulin-sensitive tissues [6-8]. Howe-
ver, natural polyphenols are known to have a low bio-
availability and in the case of chlorogenic acid it is obvi-
ously related to its high absorption starting already in the
stomach and followed by intensive metabolism in tissue
cells and rapid elimination from the body [9, 10]. Based
on these considerations the formulation of sustained
release matrix tablets containing V. myrtillus leaf dry ex-
tract has been developed. Taking into account the scien-
tific evidence on a-glucosidase inhibitory activity of V. myr-
tillus leaf extracts and its phytochemical constituents [11, 12],
we believe that matrix tablet formulation will contribute
to the increasing release of the polyphenolic substances
directly in the small intestine and thus improving the ef-
fectiveness of the hypoglycemic treatment.

The aim is to study the pharmacological evaluation
of sustained release matrix tablets containing V. myrtil-
lus leaf dry extract as an a-glucosidase inhibitory drug.

MATERIALS AND METHODS

Materials. Vaccinium myrtillus leaf dry extract (VMLDE)
was obtained according to the method developed under
the supervision of Dr. 0. Koshoviy (Department of Phar-
macognosy, National University of Pharmacy, Kharkiv,
Ukraine) [13]. The excipients used to manufacture sus-
tained release matrix tablets were hypromellose (HPMC)
of grades Methocel K4M and Methocel K100LV (Dow Che-
mical Company, USA), Eudragit L100 (Evonik, Germany),
microcrystalline cellulose (MCC) of a grade Avicel PH101
(FMC BioPolymer, USA), Plasdone S-630 (Ashland Inc.,
USA) and magnesium stearate (S.D. Fine. Chemicals Ltd.,
India). The tablets containing 0.2 mg of voglibose (“Voksid”
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produced by Kusum Pharm LLC, Ukraine), a marketed
a-glucose inhibitor, were used as a reference drug in this
study.

Preparation of sustained release matrix tablets.
Matrix tablets were prepared by the wet granulation me-
thod. The composition of sustained release matrix tab-
lets is given in Tab. 1. The tests of physical properties for
manufactured matrix tablets including crushing strength,
friability, weight variation, and assay were performed ac-
cording to the State Pharmacopoeia of Ukraine [14].

Experimental animals. Fifty male 6-week-old Syrian
hamsters (Mesocricetus auratus) weighting 70-90 g were
used for this study. Animals were kept in the vivarium of
the Central Research Laboratory, National University of
Pharmacy (Kharkiv, Ukraine), according to the Guide for
the Care and Use of Laboratory Animals of the National
Research Council [15]. All experiments were conducted
in accordance with the European Community Council
Directive of 24 November 1986 (86/609/EEC) [16].

Induction of metabolic syndrome and experimen-
tal design. Experimental alimentary metabolic syndrome
with persistent insulin resistance in hamsters was indu-
ced by highly palatable fat- and sugar-rich (HPFS) diet
for 12 weeks [17]. Animals received about 29 grams of
fat and 33 grams of carbohydrates per 100 grams of diet,
while the energy value of fat was 40.3 %. In addition, each
animal consumed in the diet at least one gram of free
fructose per 100 g of body weight (b.w.) per day, which
not only contributed to the disruption of glucose utili-
zation, but also caused voluntary hyperphagia [18, 19].
Animals of the intact control group were kept for 12 weeks
on a standard balanced diet for hamsters.

Before the experiment all animals were divided into
five groups (n = 10). Group I included intact control (IC)
hamsters that were fed with standard balanced diet. Group II
included pathology control (PC) animals fed with HPFS
diet. Groups Il and IV included metabolic syndrome hams-
ters treated with VMLDE (30 mg/kg b.w.) and sustained
release matrix tablets (71 mg/kg b.w. which corresponds

Table 1
COMPOSITION OF SUSTAINED RELEASE

MATRIX TABLETS
Name of ingredient Amount, mg per tablet
Intragranular preparation
VMLDE 275.0
Eudragit L100 162.5
HPMC K4M 26.0
HPMC K100LV 26.0
MCC 128.0
Granulating solution
Plasdone S-630 26.0
Purified water q.S.
Extragranular preparation
Magnesium stearate 6.5
Total weight 650.0

to 30 mg/kg b.w. of VMLDE), respectively. Group V in-
cluded metabolic syndrome hamsters treated with refe-
rence drug (20 mg/kg b.w. of voglibose). Animal equiva-
lent doses were calculated based on the average daily the-
rapeutic doses for humans and interspecies difference
in mass and body surface area [20]. The treatment with
the test and reference agents was started from the 10-th
week of the diet and lasted for 14 days. The treating agents
were given to the animals once a day through a gastric
tube by dispersing them with 1 ml of purified water. Ani-
mals of IC and PC groups received 1 ml of distilled water
in order to reproduce equal experimental conditions in-
stead of treating agents. After the start of treatment, the
diet of all experimental groups remained unchanged.

At the end of the 12-th week of the experiment the
animals were deprived of free access to food for 8 hours,
after that the biochemical tests were carried out. The trea-
ting agents were administered for the last time at 1 hour
before biochemical testing.

Biochemical tests. Control of blood glucose was eva-
luated by an oral maltose loading test. One hour after the
last treatment the animals were orally administered of
50 % maltose solution at a dose of 3 g/kg. The sampling
of blood was conducted immediately before maltose ad-
ministration and 30, 60, 90, 120 min after loading maltose.
The blood samples were collected from sublingual veins
of hamsters. Glucose concentration levels in blood samp-
les were measured by a One-Touch Ultra Easy® glucome-
ter (LifeScan, USA) using One-Touch Ultra® test-stripes
(LifeScan, USA). Serum insulin levels were measured by
an enzyme-linked immunosorbent assay (ELISA) kit (DRG
Instruments GmbH, Germany) using a microstrip reader
Stat Fax 303 plus (Awareness Technology, USA).

Glucose and insulin levels determined in the blood
before maltose administration reflected the level of gly-
caemia on an empty stomach after two weeks of the treat-
ment. The experimental data obtained before maltose loa-
ding were also used to calculate a homeostatic model as-
sessment-insulin resistance (HOMA-IR) index. Inhibition
of disaccharide digestion and absorption was assessed
based on postprandial glucose and insulin levels calcu-
lated as areas under the corresponding concentration-
time curves by a trapezoid method.

Statistical analysis. Statistical analysis was carried
out by variation-statistical method using non-parametric
analysis (Mann-Whitney U-Test) with Statistica 7.0 and
Microsoft Excel 2007 software. Results are presented as
mean value * S.D. Significant levels were defined at p < 0.05.

RESULTS AND DISCUSSION

HPFS diet-induced metabolic syndrome resulted in
persistent insulin resistance and glucose tolerance ob-
served in all pathological animals. Intact control animals
had insulin and glucose blood levels within physiologi-
cal and age appropriate normal range.

Determination of HOMA-IR indices before maltose
loading on an empty stomach allowed to overall assess
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Table 2

INSULIN RESISTANCE MARKERS IN BLOOD SERUM OF MALE SYRIAN HAMSTERS WITH INDUCED
METABOLIC SYNDROME (DETERMINED ON AN EMPTY STOMACH)

Experimental group* Glucose, mmol/L Insulin, pmol/L HOMA-IR
IC 5.49 +0.32 84.35 + 6.52 1.85+0.16
PC 13.24 + 0.65** 179.87 + 14.55** 5.21+0.58**
VMLDE 8.82 £ 0.51%* /¥ 131.23 +9.68** /*** 3.27£0.32%* /xx*
VMLDE matrix tablets 7.90 & 0.37%* fk* 122.64 + 10.31%* /*** 2.96x0.26%* [+
Reference drug 8.23 + (.58%* /*** 120.58 + 12.36%* /*** 2.95%0.23%* /*3k

[52]

Notes: * - n = 10 per group; values are expressed as mean # S.D.; ** - p < 0.05 compared with intact control animals;

*** _ p < 0.05 compared with positive control animals.

the effectiveness of treating agents as antidiabetic drugs.
It was revealed that all tested agents affected metabolic
syndrome, however, none of them normalized biochemi-
cal markers to intact values (Tab. 2). Intragastric administra-
tion of VMLDE at a dose of 30 mg/kg for 14 days decre-
ased blood glucose and immunoreactive insulin levels by
33.4 and 27.0 %, respectively; HOMA-IR index was ac-
cordingly decreased by 37.2 %. The matrix tablets of the
same dose of VMLDE showed a slightly better result than
pure VMLDE: the reduction of blood glucose levels in this
group was observed to be 40.3 % (which was the most
among all tested agents), and the reduction of serum in-
sulin was 31.8 %); the total change in these parameters
led to a decrease of HOMA-IR by 43.2 %, which statisti-
cally significantly did not differ from the reference drug.
The intragastric administration of voglibose tablets for
two weeks resulted in blood glucose and serum insulin
level reduction of 37.8 % and 33.0 %, respectively, that
decreased HOMA-IR index by 43.4 % compared to the
pathology control group.

An in-depth study of the mechanism of action for
VMLDE and its matrix tablets included the performance
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Fig. 1. The dynamics of glucose concentration (mmol/L)
in blood of hamsters with induced metabolic syndrome
during 120 min after oral maltose load. Values are
mean # S.D. withn = 10

* - p < 0.05 compared with intact control animals;
** - p < 0.05 compared with pathology control animals

of the maltose loading test. Since maltose is a disaccha-
ride consisting of two glucose molecules, the dynamics
of blood glucose and serum insulin levels during 2 hours
after oral administration of maltose can be used to evalu-
ate the effectiveness of intestinal a-glucosidase inhibition.

Fig. 1 and 2 show the dynamics of blood glucose and
serum insulin concentrations, respectively, after oral mal-
tose load to hamsters. As it can be seen, in the intact control
animals the blood glucose level increased from 5.49 + 0.32
to 8.52 + 0.42 mmol/L at 30 min after maltose load; as a
response to that, the insulin secretion also increased and
resulted in serum insulin value of 208.42 + 12.22 pmol/L
at this time point. Then blood glucose and serum insulin le-
vels declined and after 2 hours became very close to baseline
values registered on an empty stomach (5.83 + 0.38 mmol/L
and 88.34 * 6.42 pmol/L, respectively).

For pathology control hamsters with diet induced
metabolic syndrome the curves of glucose and insulin dy-
namics demonstrated all signs of persistent insulin re-
sistance and impaired glucose tolerance. In that way, de-
spite insulin and glucose levels were already elevated on
an empty stomach they continued to rise after maltose
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50

0 30 60 90 120
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—e— VMLDE matrix tablets*/**
——Pathology control* —s— Reference drug*/**
—&— VMLDE*/**

—e— Intact control

Fig. 2. The dynamics of insulin concentration (pmol/L)
in blood serum of hamsters with induced metabolic
syndrome during 120 min after oral maltose load.
Values are mean # S.D. withn = 10

* - p <0.05 compared with intact control animals;
**- p<0.05 compared with pathology control animals
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Fig. 3. Total AUC of blood glucose concentration
versus time, mmol/L-min

* - p <0.05 compared with reference drug group animals

load. At 30 min after maltose administration, serum in-
sulin level raised up to 252.65 * 16.23 pmol/L, however,
that did not accompany by reduction of blood glucose
level which value was 15.84 * 0.57 mmol/L. At 60 min
glucose and insulin levels reached their maximum values
0f16.57 £ 0.68 mmol/L and 274.26 + 16.50 pmol/L, res-
pectively. After then both concentrations gradually decre-
ased and at the end of the testbecame 14.12 + 0.71 mmol /L
for glucose and 192.46 *+ 14.71 pmol/L for insulin.

In experimental group treated with pure VMLDE blood
glucose level increased to 11.52 * 0.53 mmol/L at 60 min
and then reduced to 9.42 * 0.59 and 9.12 * 0.42 mmol/L at
90 and 120 min, respectively. At the same time, the dynamics
of serum insulin level showed a descending already after
30 min with average values of 226.48 + 15.39,180.12 + 10.62,
168.18 + 12.17 and 140.52 + 11.71 pmol/L at 30, 60, 90
and 120 min, respectively. Thus, the first 30 min of the test
indicated that VMLDE possess a moderate a-glucosidase
inhibitory activity whilst total areas under both insulin and
glucose concentration-time curves were significantly more
as compared to the reference drug (Fig. 3, 4).

Animals received VMLDE matrix tablets demonstra-
ted blood glucose and serum insulin levels that were sig-
nificantly lower than in the group treated with pure VMLDE
and close to the values of the reference group. That is,
glucose concentration values were 9.18 + 0.44, 9.51 + 0.49,
8.41 + 0.47 and 8.05 * 0.38 mmol/L while concentrations
of serum insulin were 200.83 + 12.79, 161.36 + 9.65,
141.03 £9.86 and 127.62 + 9.18 pmol/L at 30, 60, 90 and
120 min, respectively (Fig. 1-2). However, as it is seen
from the given values, the release of glucose into the blood
was slightly more and consequently led to a slightly more
secretion of insulin compared to positive control hams-
ters. The total areas under the concentration-time cur-
ves for this group were also slightly higher than for refe-
rence one, but there were no statistically significant dif-
ferences between them (Fig. 3, 4).

25

20 —

15 —

Total AUC of serum insulin
concentration, nmol/L-min

VMLDE matrix  Reference drug

tablets

Fig. 4. Total AUC of serum insulin concentration
versus time, nmol/L-min

*~ p < 0.05 compared with reference drug group animals

The plot of concentration dynamics for blood glu-
cose in the reference group treated with volglibose tab-
lets is practically monotonous, whereas the plot of insu-
lin concentration dynamics has only one small peak, im-
mediately after the administration of maltose syrup (glu-
cose concentration values were 8.45 + 0.43,9.02 + 0.52,
8.72 + 0.39 and 8.38 + 0.46 mmol/L and concentrations
of serum insulin were 165.75 + 13.41, 142.19 + 12.97,
128.40 £ 10.25 and 118.28 + 11.57 pmol/L at 30, 60, 90
and 120 min, respectively; Fig. 1, 2). This indicates a high
efficiency of voglibose as an intestinal a-glucosidase in-
hibitor. In addition, both total area under the curve indi-
cators were the lowest for this group (Fig. 3, 4).

CONCLUSIONS

1. By all markers studied in this work the effectiveness
of VMLDE matrix tablets in a hamster model of indu-
ced metabolic syndrome with persistent insulin resis-
tance exceeded that one of pure extract. Thus, it can
be concluded that developed matrix formulation has
a positive impact on improving the bioavailability of
the herbal extract phytoconstituents.

2. The effectiveness of VMLDE matrix tablets statisti-
cally significantly did not differ from reference drug
“Voksid”, which is currently registered in the Ukrainian
market as an antidiabetic medication.

3. VMLDE and its matrix tablets demonstrated a mode-
rate a-glucosidase inhibitory activity, however the re-
sults of this study indicate that they possess the the-
rapeutic action in metabolic syndrome and DMT?2 treat-
ment through several mechanisms (including, but not
only intestinal a-glucosidase inhibition). In this con-
text, VMLPE and its matrix tablets can be considered
as promising agents in DMT2 and metabolic syndro-
me treatment.

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