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The comparative assessment results of the hypoglycemic activity of a combined preparation containing microcapsules with
a phytocomposition consisting of Glycyrrhiza glabra L. extracts, a dry extract of Galega officinalis L., Mentha piperita L., and
gliclazide, are discussed in the article. Methods for obtaining microcapsules with an original PEG-6000 shell are described.
The aim of the study was to develop an optimal technology for obtaining microcapsules with a PEG-6000 shell containing a
combined antidiabetic substance, and conduct its detailed pharmacological study on the model of type 2 diabetes mellitus,
to conduct a detailed comparative pharmacological study of a microencapsulated antidiabetic composition with a shell based
on PEG-6000, including gliclazide and a sum of phytoextracts on the model of type 2 diabetes mellitus.

Materials and methods. As the main objects of the study, microcapsules with a PEG-6000 shell were obtained using methyl
miristate as the base liquid. The capsules contained the amount of plant extracts in their composition: a dry extract of
Glycyrrhiza glabra L., a dry extract of Galega officinalis L., a dry extract of Mentha piperita L., and gliclazide. The study of
a hypoglycemic activity was carried out after a single administration of drugs to the animals with alloxan-induced type 2
diabetes mellitus. The cumulative effect assessment of the drugs was carried out within 14 days with a test for the resistance
to oral glucose on days 7 and 14.

Results. Microcapsules with the original shell were obtained by dispersion in a liquid-liquid system with the adjustment of
some technological stages. The effect of the drugs under study on the glycemic profile in the rats with an experimental model
of type 2 diabetes mellitus was investigated. A comparative evaluation of the pharmacological effect was carried out with a
separate and combined use of microencapsulated preparations.

Conclusion. The rationality of combining phytocomponents and a synthetic antidiabetic agent in microcapsules has been
proven. The obtained results testify to the rationality of plant extracts combination and a synthetic hypoglycemic agent —
gliclazide in microcapsules.
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Mentha piperita L.; gliclazide

Abbreviations: DM — diabetes mellitus; PPAR-y — peroxisome proliferator-activated receptor; GLUT-4 — glucose transporter
type 4; AMPK —adenosine monophosphate protein kinase; PEG — polyethylene glycol; PEMC(s) — plant extract microcapsules;
GMC(s) — gliclazide microcapsules; GT(s) — gliclazide tablets; PBO — placebo; HGA — hypoglycemic activity.
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B cTaTbe paccmaTpuBaloTCA pe3ynbTaTbl CPAaBHUTENbHOW OLLEHKM TMMOMIMKEMUYECKON aKTMBHOCTU KOMOBWHWPOBAHHOIO
npenapaTta, CoAepMKaLlLero MMKpPOKancyabl ¢ GUTOKOMNO3ULIMEN, COCTOALLEN M3 SKCTPAKTOB CONOAKMU TONOW, KO3NATHWMKA
NIEKAPCTBEHHOrO, MATbI MEPEYHOM U rMKNa3uaa. OnmcaHbl Cnocobbl MONYYEHUA MUKPOKAMCYA C OPUrMHANIbHOW 060104KOM
13 M3r-6000.

Llenb. Pa3pabotaTb ONTUMANbHYIO TEXHONOTMIO MONYYEHWUA MMKPOKancyn c obonoykow u3 MM3M-6000, copepKalimx
KOMBUHMPOBaHHYO CybCTaHUMIO aHTUAMAbETUYECKOro AEeNCTBMA M MNpoBecTM eé noapobHoe dapmaKonorvyeckoe
uccnefoBaHMe Ha MOLEAWN caxapHoro Auabera 2-ro Tvna. MNpoBectu noapobHoe cpaBHWUTENbHOE dapmaKonorMyeckoe
nccnefoBaHMe MUKPOKANCyIMPOBAaHHOM aHTUAMAbeTUYeCKo KOMNO3KMLLMM C 060104KOM Ha ocHoBe M3M-6000, BKAtoYatoLLe
TIMKNA3UA U cyMmmy GUTOIKCTPAKTOB Ha MOAENN CaxapHOro anabeta 2-ro tmuna.

Martepuanbl U meTogbl. B KauectBe OCHOBHbIX OOBEKTOB MCC/MeA0BaHUA BblM MOMYyYEeHbl MUKPOKAMCy/bl ¢ 060/104KOM
13 MN3r-6000 ¢ ncnonb3oBaHNEM B KauecTBe 6a30BOM KUAKOCTU MeTUAMMpUCTaTa. Kancynbl cogepikanm B CBOEM COCTaBe
CYMMY PACTUTENIbHbIX SKCTPAKTOB: CYXOM 3KCTPAKT CONOAKMU TONIOM, CYXOM 3KCTPAKT KO3MATHUKA JIEKAPCTBEHHOrO, CyXOW
3KCTPAKT MATbI NEPEYHOM, A TaKKe MMKNasnga. MayyeHune runoriMkeMmMyeckom akTMBHOCTU NPOBEAEHO NOC/ae OAHOKPATHOrO
BBEAEHMUA NPenapaToB XMBOTHbIM C a/l/IOKCAH-UHAYLMPOBaHHbIM CaxapHbiM AnabeTom 2-ro Tna. OLeHKa HaKoMUTebHOro
addeKTa npenapaToB NpoBeaeHa B TeyeHne 14 cyToK ¢ NpoBeAeHMEM TecTa Ha Pe3MCTEHTHOCTb K NepopasibHOM [10K03e Ha
7 1 14 cyTKN.

Pe3ynbratbl. [Mony4YeHbl MUKPOKAMCY/bl C OPUTMHANIbHOM 060/I04KOM METOAOM AUCMEepPrMpoOBaHUA B CUCTEME KUIAKOCTb-
UOKOCTb C KOPPEKTUPOBKOM HEKOTOPbIX TEXHONOTMYECKUX 3TanoB. M3yyeHo BAMAHME uUcCnefsyemblx MpenapaTtoB Ha
TIMKEMUYECKMI MPOGUIIb Y KPbIC C IKCNEPUMEHTANIbHON MOAE/bo CaxapHoro anabeTa 2-ro Tuna. NMposeaeHa cpaBHUTEIbHAA
oueHKa dapmakonoruyeckoro adpdeKTa npu pasae/ibHoM U COBMECTHOM NMPUMEHEHUU MUKPOKANCY/IMPOBAHHbIX NpernapaTos.
3akntoyeHue. [loKkasaHa PaLMOHANbHOCTb KOMOWHWMPOBAHUA (GUTOKOMMOHEHTOB WM  CUHTETUYECKOTO CpeAacTsa
CaxapOCHMXKAIOLWEro AeWCTBUA B  MWMKPOKAncynax. [lonyyeHHble pe3ynbTaTtbl CBUMAETENLCTBYIOT O PaLMOHANbHOCTU
KOMBUWHaLMN PacTUTE/IbHbIX SKCTPAKTOB Y CUHTETUYECKOTO CaXxapOCHUMKAIOLLLEro cpeAcTBa — MMKAA3MAa B MUKPOKancynax.
KntoueBble cnoBa: mukpokancynbl; M3M-6000, METUAMUMPUCTAT; CaxapHblii AMabeT; IKCTPAKT CONOAKM FON0MN; KO3NATHUK
JIeKapCTBEHHbIN (ranera); MATa nepeyHas; rMukaasua,

Cnucok cokpauwieHuit: C[, — caxapHbli anabet; PPAR-y — peuentop-aktuBaTop nponudepaumm nepokcucom; GLUT-4 —
I/IIOKO3HbIN TpaHcnopTép Tmn 4; AMPK — ageHo3nHMoHodochaTHas NpoTenHKMHasa; M3l — nonnatuneHrmkons; MK —
MWKPOKAMCY/bl C PACTUTE/NIbHbIMU 3KCTpakTamu; MK — MUKpoKancynbl ¢ rnknasmaom; TF — Tabnetku muknasuaa; Ma —
nnauebo; A — runornMKkeMmnyecKkas akTMBHOCTb.

INTRODUCTION

One of the most problematic aspects of modern
medicine and pharmacy, in particular epidemiology, is
diabetes mellitus (DM) which can be considered as a
non-infectious epidemic of the present. The prevalence
of this disease reaches more than 6% in some countries
[1, 2]. At the same time, the disease is unstable; it is
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usually accompanied by a frequent disability [3] and
lethality [4]. This has been especially acute in recent
years associated with the pandemic [5, 6]. It was during
this period that the problem of diabetes reached its
maximum.

Interest in preventive measures (diets, dietary
regimens) has grown. However, this did not affect
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the need for the development and improvement of
pharmacotherapy, in which the basic emphasis had
also to be revised. The interest of diabetologists in
medicinal plants, which occupy an important position in
the treatment and prevention of DM today, has sharply
increased [7-8]. The search for new antidiabetic drugs
made out of medicinal plants, is an important and
strategically significant task, since they contain bioactive
phytochemicals that are more active and safe than
conventional therapy. At the same time, it is impossible
to underestimate the role of synthetic drugs that have
been solving these problems for many years quite
successfully —these are, first of all, metformin, gliclazide,
glibenclamide, and other well-known drugs which are
constantly in demand [9-11].

The main component of the proposed
phytocomposition is an extract of Glycyrrhiza glabra L.,
which has a wide range of a pharmacological activity.
Biologically active substances in the Glycyrrhiza glabra L.
extract can significantly bind to gamma peroxisome
proliferator-activated receptors (PPAR-y), which leads to
a decrease in blood glucose levels. Therefore, chalcone
and amorphrutin, obtained from Glycyrrhiza glabra L.,
promote the differentiation of adipocytes and improve
glucose and lipid metabolism. Amorphrutin increases
the sensitivity of cells to insulin and, as a result, glucose
tolerance. Glabridin prevents glucose intolerance and
ensures its maximum utilization by translocation of
GLUT-4 using adenosine monophosphate protein kinase
(AMPK) [12]. In addition, glycyrrhizic acid, which is one of
the main bioactive components of Glycyrrhiza glabra L.,
inhibits the activity of peroxidase, hemoglobin esterase
and hemoglobin-mediated oxidative damage, while not
affecting the ability of the protein to bind oxygen. This
effect is especially important in the treatment of DM,
given the complications associated with an oxidative
stress [13—15]. In addition, there are studies [16] on
the positive effect of the Glycyrrhiza glabra L extract on
the intestinal microbiota, which is extremely important,
since it is known that the pathogenesis of the onset and
severity of DM is indirectly associated with a violation
of the enzymatic and biochemical balance of the vital
activity of the normal intestinal microflora.

One of the medicinal plants with a pronounced
hypoglycemic effect is Galega officinalis L. In the 1920s,
it was found out that guanidine, an active component in
the herb of Galega officinalis L., reduces blood glucose
levels, which became the basis for the synthesis of several
antidiabetic compounds and, in particular, metformin
[17]. The hypoglycemic effect is also associated with
the alkaloid of galegin in the plant [18]. However, the
study of anti-diabetic properties of Galega officinalis L.
is ongoing. To date, a decrease in the concentration of
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glucose and glycosylated hemoglobin in the blood of
animals against the background of the galega extract
administration, as well as an increase in the cell tolerance
to glucose, an increase in the content of C-peptide
and insulin in blood plasma, have been proven. The
in vivo studies confirmed the cytoprotective effect of
the Galega officinalis L. extract on pancreatic cells,
expressed in an increase in the number of Langerhans
islets, their average area, diameter, volume, and the
number of B-cells [19, 20]. It has been established that
the Galega officinalis L. extract regulates disorders of
the proliferation, function and apoptosis of leukocytes
associated with DM, thereby having a pronounced
immunocorrective effect [21].

Aromatic plants rich in essential oils, such as Mentha
piperita L., Melissa officinalis L., Cuminum cyminum L.,
are among the potential new sources of drugs. These
plants are very promising due to their diverse chemical
composition and multiple mechanisms of action. Thus,
the antidiabetic effect of Mentha piperita L. is associated
with the inhibition of ATP-sensitive K+channels on the
B-cell membrane, increased insulin exocytosis under
the action of menthol. In addition, menthol increases
the survival of B-cells by stimulating the expression of
Bcl-2, an anti-apoptotic factor, and protects pancreatic
B-cells from apoptosis in a rat model of diabetes [22,
23]. In addition, the hypoglycemic effect of the Mentha
piperita L. extract is associated with an inhibitory
effect on a-amylase and a-glucosidase, which, in turn,
has a significant inhibitory effect on postprandial
hyperglycemia [24].

Thus, the literature data on the spectrum of
hypoglycemic activity of the Glycyrrhiza glabra L. extract;
Galega officinalis L. and Mentha piperita L. confirm the
rationality of including extracts of these medicinal plants
in the proposed phytocomposition and the development
of combined antidiabetic dosage forms based on them.

THE AIM of the study was to develop an optimal
technology for obtaining microcapsules with a PEG-6000
shell containing a combined antidiabetic substance,
and conduct its detailed pharmacological study on
the model of type 2 diabetes mellitus, to conduct
a detailed comparative pharmacological study of a
microencapsulated antidiabetic composition with a shell
based on PEG-6000, including gliclazide and a sum of
phytoextracts on the model of type 2 diabetes mellitus.

MATERIALS AND METHODS

Objects of study

The main objects of the study were microcapsules
containing a composition of dry extracts of Glycyrrhiza
glabra, Galega officinalis L. and Mentha piperita L. in
the ratio of 6:1:3, respectively, as well as gliclazide in a
traditional dosage.

Volume X, Issue 4, 2022
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PEG-6000 with a density of 1200 kg/m?, soluble in
water and alcohol, non-toxic, was chosen as a film former
for microcapsules. Methylmiristat is a process medium,
it is a clear, colorless liquid with a low melting point.
To obtain microcapsules, dry extracts of Glycyrrhiza
glabra L., Galega officinalis L. and Mentha piperita L.
obtained from the manufacturer of LLC Kazan Extract
Plant (Russia), were used. The moisture content of the
extracts was not more than 4.8%.

Reference drug

For a comparative assessment of the hypoglycemic
activity, the tablet form of gliclazide (60 mg,
manufacturer LLC SERVIER RUS, Russia) had been
chosen as the reference drug. For this purpose, model
tablets with an active ingredient content of 2.5 mg were
used. The drug was administered using a gastric tube,
taking into account the interspecies conversion factor, in
several doses to achieve the required dose of gliclazide.

Equipment

Measurements of blood glucose concentration
in the animals with an experimental model of type 2
diabetes mellitus was carried out using an Accu-Chek
Performa Nano glucometer (Roche Diagnostics GmbH,
Germany).

The preparation of microcapsules was carried
out using an overhead stirrer US-1170D with a four-
bladed propeller nozzle (ULAB, Russia). A vessel with a
hemispherical bottom with a volume of 500 ml was used
as a reactor for obtaining microcapsules.

A six-seater water bath LOIP LB-161 (LC LOIP, Russia)
was also used.

The administration of the study drugs was carried
out using an intragastric metal probe for rodents.

Microcapsules obtaining

Taking into account the originality of the PEG-6000
microcapsule shell used for the first time, the most
reliable technological method of dispersion in the liquid-
liquid system was chosen. A saturated complex was
sequentially delivered in a thin stream: 25.0 g of the
total extracts solutions and 25.0 g of a gliclazide solution
together with 100 g of the solution forming the shell of
PEG-6000 microcapsules. The complex was delivered
into the reactor with the base medium in the form of
methyl miristat at the temperature of 40°C. Herewith,
defining the technological novelty was the choice of the
base solution and an active mixing device — a propeller
mixer operating at the speed of 500-600 rpm. The
temperature factor also changed, quickly passing from a
state of heating to artificial cooling.

The drops shaped in the oil, quickly solidified,
spherical particles were formed from them, and then
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they were separated from the methyl miristate solution
and washed with 90% ethyl alcohol, making sure that the
shell did not dissolve. The standardization of the finished
product of microcapsules was carried out according to
their flowability and the angle of repose, which was 30°
and which indicated a normal technological cycle [25].

Experimental animals

The hypoglycemic activity (GA) of the studied
preparations was investigated on male rats of the Wistar
line weighing 200-220 g, with alloxan-induced DM. The
animals were obtained from the Novosibirsk Nursery
of Laboratory Animals (State Unitary Enterprise of
Laboratory Animals, the RAS Siberian branch) and kept
in the vivarium of Krasnoyarsk State Medical University
of the Ministry of Health of Russia. The work with
laboratory animals was carried out in accordance with
Directive N 2010/63/EU of the European Parliament and
the Council of the European Union “On the protection
of animals used for scientific purposes” and GOST
33044-2014 “Principles of good laboratory practice”.
The animals were kept in conventional cages with an
area of 820 cm?, with litter of non-coniferous sawdust,
the indoor temperature of 22+2°C, a the relative air
humidity of 65+5%, with a free access to water and
food. The study protocol was approved by the ethics
committee of Krasnoyarsk State Medical University of
the Ministry of Health of Russia (protocol No. 104/2021
dated April 17, 2021).

Setting up DM model type 2

Setting up the model of alloxan-induced DM
was carried out in the classical way in accordance
with the guidance by A.M. Mironov!. The animals
were intraperitoneally injected with a 5% solution of
nicotinamide at the dose of 230 mg/kg, followed by the
administration of a 5% solution of alloxan at the rate of
150 mg/kg after 15 minutes. On the 4th day after the
injection of alloxan, 5 groups of animals (n=8) with an
average blood glucose level of more than 20 mmol/I,
were formed according to the principle of paired analogs.
Taking into account the previous studies, the doses
of the administered drugs were selected [26, 27] and
calculated based on the interspecies dose conversion
factor. The studied substances and the reference drug
were administrated into the stomach using a metal
probe.

The administration of drugs was carried out for 14
days according to the following scheme:

Group 1 — microcapsules with plant extracts
(PEMCs) — 750 mg/kg;

! [Guidelines for conducting preclinical studies of drugs (Part 1)].
Mironova AN, editor. M: Grif and K; 2012. 944 p. Russian
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Group 2 — microcapsules with gliclazide (GMCs) —
150 mg/kg;

Group 3 - gliclazide tablets (GTs) — 60 mg/kg —
reference group;

Group 4 — combination of microcapsules (PEMCs +
GMCs);

Group 5 — 2.5 ml of purified water (PBO) — control

group.

Determination of hypoglycemic effect

The assessment of hypoglycemic activity (HGA)
was carried out by monitoring the concentration of
glucose in the blood of animals for 24 hours after a
single administration of the study drugs. Taking into
account the established cumulative hypoglycemic effect,
characteristic of this phytocomposition and confirmed
for microcapsules with a gelatin shell, the effectiveness of
the developed microcapsules with a shell based on PEG-
6000, was studied for a long-term use. For this purpose,
tests for the resistance to oral glucose were carried out
on days 7 and 14 according to the methods [26, 27]. The
general study design of the hypoglycemic activity of the
microencapsulated preparations is shown in Fig. 1. The
scheme of the test for the glucose resistance is shown
in Fig. 2.

Statistical analysis

Statistical processing of the obtained results was
carried out using a Microsoft Excel software package
(2016), by a descriptive statistics method, by calculating
the mean value of the studied indicator and the standard
deviation (o). The normality of the sample distribution
was determined using the Shapiro-Wilk test. The
Wilcoxon’s t-test was used to assess differences between
guantitative non-normally distributed data of related
samples, the Student’s t-test was used for normally
distributed data of unrelated samples (p <0.05).

RESULTS AND DISCUSSION

The results of the HGA study after a single
administration of microcapsules containing the
composition of plant extracts, gliclazide, as well as their
combination, are presented in Tablel.

The comparison of the presented data in Table 1
shows that the decrease in the animals’ blood plasma
glucose concentration was established in all the groups
after a single administration of the studied drugs, except
the control group. There was no significant decrease
in blood glucose levels in the animals of the control
group within 24 hours after starting the experiment.
Against the background of the use of microcapsules
with plant extracts, a hypoglycemic activity (HGA)
develops after 4 hours and is maintained within 8 hours.
After the administration of GMCs, HGA manifests itself
after 2 hours and continues to grow within 10 hours.
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However, the achievement of the physiological blood
glucose level in the animals after a single administration
of monopreparations is not observed within 24
hours. With a combination of PEMCs+GMCs, the
pharmacological effect occurs after 2 hours, and after 6
hours, the animals’ blood glucose concentration reaches
its physiological level. After a single administration of
the developed microcapsules and the reference drug,
a stable hypoglycemic effect is observed from 6 to 12
hours. At the same time, the average animals’ blood
glucose level in the in this time interval was as follows: for
group 1-18.0+ 1.4 mmol/l; group 2 —-11.8 £ 0.9 mmol/l;
group 3 —6.6 = 0.2 mmol/l; group 4 — 7.7 £ 0.6 mmol/l;
the blood glucose level in the control animals’ group was
24.7 £ 1.9 mmol/L.

According to the statistical analysis of the obtained
results, the HGA combination of PEMCs+GMCs is
comparable to the gliclazide tablet form. In addition, in
the pharmacological activity, the combined composition
of microcapsules is superior to the microcapsules
containing only one component. 6 hours after the
administration of the drugs, the animals’ blood glucose
level in group 4 decreased by 68.8% (p <0.05), while the
blood glucose concentration in the animals of groups 1
and 2 decreased by 22.9% (p < 0.05) and 51.4% (p<0.05),
respectively. It should be also notified that 6 hours after
the administration of the PEMCs+GMCs combination
and the reference drug, there are significant differences
in the average values of the animals’ blood glucose levels
of the respective groups. The glucose concentration
in the blood of the animals receiving a combination of
PEMCs+GMCs (group 4) is 23.3% (p <0.05) higher than in
the blood of the animals treated with GTs. The absence
of statistically significant differences in the initial values
of the animals’ blood plasma glucose concentration
in these groups indicates different pharmacokinetic
characteristics of the dosage forms of the studied drugs,
i.e., a different degree of elongation.

Analyzing the results of monitoring the level of the
animals’ blood plasma glucose concentration, it can
be concluded that a stable hypoglycemic effect after a
single administration of the developed microcapsules
was not observed immediately, just as after a single
administration of the reference drug, in the time range
from 4 to 12 hours. However, in this time interval, a
significant decrease in blood glucose was observed with
the use of gliclazide tablets (group 3 of the animals),
with the use of gliclazide microcapsules (group 2)
and with the administration of a combination of
microcapsules (group 4). At the same time, the levels of
glucose in the animals’ blood plasma of groups 3 and 4
are almost equivalent and slightly lower than in group 2
which may indicate the presence of potentiation of the
hypoglycemic effect when the herbal components are
combined with a synthetic drug.
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Table 1 — Blood glucose level in animals with experimental model of type 2 diabetes mellitus after
a single administration of drugs under study

Time, hours
Group
0 2 4 6 8 10 12 24

1 25.3+3.8 23.5+4.1% 20.9+3.4% 19.5+2.3*  19.1+4.3*  16.8+5.3*"  16.8+4.5*%  23.64.4"
2 25.1+3.3 18.5+2.6 15.3+1.9*  12.2+41.7*  11.2+1.0*  11.0£0.7**  13.0+0.9*"  24.3+4.2%
3 27.7+2.4 15.1+3.8* 8.4+2.4" 6.6+1.1% 6.4+0.9* 6.5+0.7* 6.8+0.5%* 12.9+1.8*
4 27.614.0 17.6+3.0* 10.2+2.2* 8.6+2.0*" 7.3+1.7* 7.3+1.5%* 7.5+1.3* 26.5%3.0"
5 21.7+1.2 22.1+0.6 21.7+0.8 25.7+0.5 26.4+0.9 24.5+0.6 22.2+1.2 26.1+1.4

Note: results are presented as Meanzto; * — mean blood glucose concentration values significantly different from the control group (p <0.05) and
#—mean blood glucose concentration values significantly different from the comparison group (p <0.05), according to the results of the analysis

by the Student’s t-criterion.

Table 2 — Study results of cumulative effect on day 7

Mean glucose concentration, mmol/|

Group Drug administration Glucose administration

0 60 min 30 min 60 min 120 min 180 min
1 25.3+4.4% 244 +4.4% 24.0 £4.2% 25.8 +3.3" 25.5 £ 4.6" 24.0 £4.2"
2 23.5+4.8" 20.7 £ 5.5%# 18.0 + 4.6** 16.6 + 3.8** 14.4 + 3.4*% 13.6 £ 3.5**
3 6.4 £0.7* 6.2 £0.9* 6.9+1.1* 6.0+1.1* 5.8+0.8* 5.8+0.8*
4 19.8 + 1.8*# 12.4 + 1.5* 9.9+ 1.0* 6.8 +0.6* 6.8 + 0.5%# 6.8 = 0.4*#
5 23.9+3.5 249+4.0 28.5+2.9 28.7+4.2 26.7+2.8 25.4%2.0

Note: results are presented as Meanto; * — mean values of blood glucose concentration significantly different from the control group (p <0.05)
and # — mean values of blood glucose concentration significantly different from the comparison group (p <0.05), according to the results of the

analysis by the Student’s t-criterion.

Table 3 — Study results of cumulative effect on day 14

Mean glucose concentration, mmol/I

Group Drug administration Glucose administration

0 60 min 30 min 60 min 120 min 180 min
1 18.2 £3.2*# 17.9 £ 3.3* 16.5+ 4.2*" 17.6 £ 4.4*" 16.0 £ 3.4* 12.2 £2.5*
2 14.0 £ 2.3*# 12.7 £ 1.4** 12.7 £ 1.6** 12.4 +1.5%* 11.6 £ 0.9*# 11.1+£0.7*%
3 6.7 +1.0* 5.6 +1.3* 5.6+1.2* 59+1.1% 6.1+1.3*% 6.3 +1.2%
4 12.6 + 1.4%*% 9.0 £ 0.5** 8.5+ 0.5** 6.6 £+ 0.4* 6.5+0.4% 6.5+ 0.4%
5 21.7+3.3 21.3+3.0 27.0+2.8 28.7+1.0 283+t2.4 281+1.4

Note: results are presented as mean * standard deviation; * — mean values of blood glucose concentration significantly different from the control
group (p <0.05) and # — mean values of blood glucose concentration significantly different from the comparison group (p <0.05), according to the

results of the analysis by the Student’s t-criterion.

Thus, after a single administration, the HGA profile
of the preparations under study was investigated and
confirmed. It has been reliably established that the
above described hypoglycemic effect of microcapsules
based on PEG-6000 and containing a combination of
PEMCs+GMCs, can be characterized as more delayed
and prolonged.

As it has been notified in the previous studies?
[25], the composition of medicinal plants extracts is
characterized by a cumulative hypoglycemic effect. In
support of this trend, PEG-6000 based microcapsules
were tested for resistance to the alimentary glucose
administration on the 7" and 14* days of the study. For
this purpose, one hour after the administration of the
studied preparations, the animals of all experimental
groups were administrated with 2.5 ml of a 5% glucose

2 |bid.
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solution using an intragastric metal probe, and the blood
glucose level was measured within the next 3 hours. The
study results of the resistance to oral glucose on the 7t
day of therapy are presented in Table 2.

According to the data presented in Table 2, it can
be notified that before the administration of drugs on
day 7, the blood glucose level in the animals’ blood
of the studied groups was higher than a physiological
one in all experimental groups, except group 3. In the
control group, the blood glucose level in the animals
was high throughout the entire time of the experiment.
It is also worth notifying that in the animals of groups
1 and 2 before the administration of drugs, the blood
glucose concentration does not have significant changes
compared to the control group.

The blood glucose concentration level in the animals
receiving microcapsules with plant extracts (group 1)
was high throughout the experiment, no statistically
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significant changes were detected (p >0.05) either
against the background of the drug administration and or
against the background of a glucose oral administration.

The glucose content in the animals’ blood of
group 2 decreased by 13.5% (p <0.05) from the initial
value. This trend persisted within the group throughout
the experiment, and at the end of the test, there was
a decrease in the glucose content in the animals’ blood
by 42.1% (p <0.05), which indicates a smooth increase
in the pharmacological effect. Despite the fact that
the decrease in the blood glucose concentration to
the physiological level was not observed, against the
background of the use of microcapsules with gliclazide,
the animals showed resistance to oral glucose.

In the animals receiving the comparison drug
(group 3), before the administration of the drug, the
blood glucose level was at the level of the physiological
norm, which is associated with the manifestation
of a stable hypoglycemic effect characteristic of
gliclazide tablets. This trend continued throughout the
experiment. Against the background of the alimentary
load, an increase in the blood glucose concentration in
the animals of group 2 was not observed, which also
indicates the stability of the reference drug.

Before the administration of the drug, the blood
glucose level in the animals receiving combined therapy
with microcapsules (group 4) on day 7 was above the
physiological norm. At the same time, the glucose
concentration was 67.7% (p <0.05) higher than in the
animals of the comparison group, but 17.2% (p <0.05)
lower than in the control group. However, after the
administration of the drug, the hypoglycemic effect
increased, and already after 60 minutes, a statistically
significant (the Wilcoxon T-test) decrease by 37.4%
(p <0.05) was established in the blood glucose
concentrationinthe animals of group 4 with the dynamics
unchanged. 60 min after the glucose oral administration,
the level of blood glycemia in the of animals of group 4
decreased by 65.7% (p <0.05) with the maintenance of
a physiologically significant level till the end of the test,
which indicates the animals’ resistance to receiving a
combination of microcapsules.

According to the statistical analysis results, it can
be said that the administration of the microcapsules
combination (group 4) contributed to the manifestation
of a tolerance effect comparable to that of the reference
drug (group 3) 60 minutes after the glucose oral
administration.

According to the test results on the resistance to
alimentary glucose on the 7" day of the study, therapy
with a combination of PEMCs+GMCs gives a more
pronounced pharmacological effect compared to the
separate use of the drugs.

Table 3 presents the study results of the resistance
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to oral glucose on the 14* day of the administration of
the investigated drugs.

According to the results presented in Table 3, it
can be said that before the administration of drugs on
the 14th day, the blood plasma glucose concentration
in the animals of the studied groups was also higher
than the physiological norm in all the experimental
groups, except the comparison one. The blood glucose
level in the animals treated with the reference drug
(group 3) was at the physiological level both before
and after the administration of the drug. Based on
the statistical analysis results of blood glycemia in the
animals of the 3rd group (the Wilcoxon T-test), it can be
said that the observed changes after the alimentary load
are statistically insignificant (p >0.05).

It should be notified that before the administration
of drugs, the glucose level on the 14™ day in groups 1,
2 and 4 decreased by 28.1% (p <0.05), 40.4% (p <0.05)
and 36.4% ( p <0.05) compared with the values of this
parameter in the respective groups on the 7 day.

In addition, before the administration of drugs, on
day 14, the glucose concentration in groups 1, 2 and 4
was lower by 16.1% (p <0.05), 35.5% (p <0.05) and 41.9%
(p <0.05) than the glucose concentration in the blood
plasma of the control group. As a whole, these factors
indicate the manifestation of a cumulative antidiabetic
effect of the studied microcapsule preparations.

60 minutes after the administration of microcapsules,
a significant change by 9.3% (p <0.05) and 28.6%
(p <0.05), respectively, from the initial level, was found
out in the blood glucose concentration in the animals
of groups 2 and 4. This trend persisted throughout the
experiment, and 60 minutes after the oral administration
of glucose, group 4 showed a decrease in the glucose
concentration by 47.6% (p <0.05) while maintaining a
physiologically significant level. Meanwhile, in group 2,
at the end of the experiment, a decrease in the animals’
blood glucose content was observed only by 20.7%
(p <0.05). The average blood glucose level of animals
treated with microcapsules with plant extracts
(group 1), had significantly decreased by 32.9% (p <0.05)
from the initial level only by the end of the test. At the
same time, a decrease in the blood glucose concentration
of the animals in groups 1 and 2 to the normal level was
not established.

In the control group, the animals’ blood glucose level
was high throughout the entire time of the experiment,
and 30 min after the administration of oral glucose there
was a significant increase in its blood concentration.

The blood glucose level in the animals’ control group
was high throughout the entire time of the experiment,
and 30 min after the administration of oral glucose there
was a significant increase in its blood concentration.

Analyzing the dynamics of changes in the blood
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glucose concentration of the studied groups’ animals,
it is worth notifying that a significant decrease in
glucose was observed in groups 2, 3 and 4 both after
the treatment and against the background of the
glucose administration, in comparison with the control
group. However, as previously stated, a decrease
in the blood glucose concentration in the animals
treated with monopreparations in microcapsules up
to the physiological norm was not observed, while the
administration of PEMCs+GMCs combination gives a
hypoglycemic effect comparable to the reference drug
2 hours after the administration, both on days 7 and 14.

A more pronounced therapeutic effect caused by
the combination of plant extracts and gliclazide, is most
likely associated with a potentiation of the action due
to a broader focus of the plant components. This is a
decrease in blood glucose associated with the interaction
of biologically active substances of Glycyrrhiza
glabra L. extract with PPAR-y receptors and due to
an increase in the utilization by the GLUT-4 transport
system and an increase in the cell sensitivity to insulin
[12]. The active components of Galega officinalis L.
extract increase the number of islets of Langerhans
and increase the sensitivity of cells to insulin [19, 20].
The versatile orientation of the mechanisms of the
hypoglycemic action of the plant components used is
of particular importance, given the hypoglycemic effect
of gliclazide realized by stimulating insulin secretion.
Additional inhibition of a-amylase and a-glucosidase
by the active components of Mentha piperita L.
extract [24] contributes to an increase in resistance to
alimentary factors in the development of hyperglycemia.
As a whole, these effects contribute to the versatile
orientation of therapy, which is a positive characteristic
of the proposed composition of microcapsules.

Thus, according to the results of studying the
cumulative effect of the investigated drugs for 14 days,
the administration of PEMCs+GMCs combination gives
a more pronounced pharmacological effect compared
to the separate use of the drugs. The HGA combination
is comparable to the reference drug and has significant
statistical differences compared to the control
group of animals. A pharmacological potentiation is

characteristic for the developed original antidiabetic
substance, consisting of the sum of phytoextracts (dry
extracts of Glycyrrhiza glabra L., Galega officinalis L.,
Mentha piperita L) with the addition of gliclazide,
i.e. a combined composition. As a dosage form and a
delivery vehicle, the developed microcapsules based
on PEG-6000, containing the entire complex of active
substances, showed a rather original HGA profile. The
combination of biologically active substances of the
plant origin, given their versatile action direction, with
a synthetic antidiabetic agent in one dosage form, has
a number of advantages over classical hypoglycemic
drugs, i.e., the range and variability of the action. The
use of microcapsules also makes it possible to achieve
a reduction in the irritating effect of the dosage form
on the gastrointestinal tract, which is characteristic of
tablets.

In addition, microcapsules  have  certain
technological and economic advantages — this is the
possibility of reducing the dose of gliclazide, and given
their prolongation, the obtained microcapsules can
later be used as an intermediate and preparatory stage
for constructing a form — a spansule. Therefore, the
pharmacological role of the developed microcapsules is
obvious, and its fixation and discussion presented in this
article, are necessary.

CONCLUSION

A technology for obtaining microcapsules with
a shell based on PEG-6000, has been developed and
substantiated. It has been shown that microcapsules
containingthe studied complex—the sum of plant extracts
and gliclazide — have a pronounced positive property
of the gradual development of a hypoglycemic effect.
The administration of a microcapsules combination
causes a more pronounced pharmacological response,
comparable to the reference drug in terms of the
hypoglycemic activity, but not inferior to it in terms
of the elongation. In addition, it causes a comparable
resistance to the alimentary glucose administration,
which confirms the feasibility of the chosen technology
and the originality of the microcapsule shell structure.
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