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STUDY OF GLIKVERIN INFLUENCE ON CARBOHYDRATE METABOLISM AND
HISTOSTRUCTURE OF RATS’ PANCREATIC GLAND IN TERMS OF
EXPERIMENTAL METABOLIC SYNDROME
JTOCJII)KEHHS BILUIUBY I'IIKBEPUHY HA BYTIJIEBOJHUM OBMIH TA
TICTOCTPYKTYPY HNIJILITYHKOBOI 3AJIO3M IIIYPIB 3A YMOB
EKCIIEPUMEHTAJIBHOI'O METABOJITYHOI'O CUHAPOMY
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Article

The article presents the results of the study of Glikverin impact on carbohydrate metabolism and morphological structure of the pancreatic
gland in terms of metabolic syndrome in rats induced by high-sucrose diet. It was established that the use of combined agent Glikverin increased
tolerance to carbohydrates and improved sensitivity of peripheral tissues to insulin. By expressivity of pharmacological action Glikverin prevailed
comparator voglibose and metformin.

The results of histological examination of Glikverin showed that it improved morphological condition of B-cells of pancreas, prevented
dystrophic and necrobiotic degenerative changes that helped to increase the number of islands, in contrast to the action of the reference drug
metformin. This action Glikverin exhibited due to exposure to several pathogenetic chains of metabolic syndrome. The received results justify further
pharmacological study Glikverin as a promising agent for treating the manifestations of metabolic syndrome.

Key words: metabolic syndrome, glikverin, quercetine, voglibose, metformin,
pancreatic gland histostructure.
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Pedepar

V crarTi HaBeJIEHO Pe3yNbTaTH BUBUCHHS BIUIMBY | JTIKBEpUHY Ha BYIJICBOIHMH 0OMIH Ta MOP(OCTPYKTYpY MiIILTYHKOBOI 321031 32 yMOB
€KCIIEPMMEHTAIBHOTO0 MeTabONIYHOrO0 CHHAPOMY Yy IIypiB, BHUKJIMKAHOTO BHCOKOIYKPO3HOK Ji€Tol0. BcTaHOBIEHO, IMO 3aCTOCYBaHHS
KoMOiHOBaHOTO 3ac0o0y [ JIikBepHHY ITiJBUIYBaJIO TOJIEPAHTHICTH JO BYIVIEBOAIB Ta MOMNIMIIYBAIO YyTIUBICTh NEepH(YEPHIHIX TKAHUH JIO IHCYTIHY.
3a BupasHicTIO (hapMakosorivHoi aii [ TikBepuH nepeBakas mpenapaTé HOPIBHAHHS BOITi003 Ta MeTHOPMIH.

3a pesyabTaTaM TiCTOJOTIYHOTO IOCHiKeHHs [JiKBepHH, 3aBISKU BIUIMBY Ha JEKiJbKa MAaTOTCHETHYHHX JIAHIIOTIB METabOoIidHOroO
cunapomy MC, mokpainryBaB MopdosoriyHuii ctaH B-KIITHH MiAUUTYHKOBOI 3aJ703H, 3amo0iraB AUCTPO(QIYHHM Ta HEKPOOIOTHYHUM 3MiHaM, IO
CIpUSUIO 30UTBIIEHHIO KiBKOCTI OCTpIBIIB, Ha BiAMIiHy Bin nii mpemapara mopiBHAHHA MeTdopMminy. OTpUMaHi pe3ylbTaTd OOIPYHTOBYIOTH
nozasbire GapMakonoriyHe BUBYEHHS [ TiKBepHHY SIK IEPCIEKTHBHOTO 3ac00y JUIS TiKyBaHHS MPOsIBiB METaOOIIYHOTO CHHAPOMY.

KuawuoBi cjgoBa: Meradosiynuii cuHapoM, [ikBepuH, KBepueTHH, BOIJIi003,
MeT(OpMiH, ricTOCTPYKTYpPa MiALLIYHKOBOI 32JI03H.

Pedepar

UCCIIENOBAHUE BJIMAHNS TJIMKBEPMHA HA VTJIEBOJHBIA OBEMEH U
[MCTOCTPYKTYPY  NOXKEJIYAOUHOU  XKEJIE3bI KPBIC B  VYCIIOBUAX
SKCIIEPUMEHTAJIBHOT'O METABOJIMYECKOI'O CUHIPOMA.

B crarbe mpencTaBieHbl pe3yibTaThl M3ydeHHs BIUSHUS [JHMKBepHHA Ha YIJIEBOAHBIH OOMEH M MOP(GOCTPYKTYPY IODKEIYHOYHOI
JKeNe3bl B YCIOBHSX OSKCIICPHMEHTAIBHOTO METabONMYEeCKOro CHHIPOMA Y KpPBIC, BBI3BAHHOIO BBICOKOCAXapO3HOW IHETOH. YCTaHOBIEHO, YTO
HPUMEHEHHE KOMOMHUPOBAHHOTO CPeACTBa [JIMKBEpHUHA MOBBILIANO TOJIEPAHTHOCTh K YITIEBOJAM M YIIY4IIaI0 YyBCTBUTEIBHOCTD HEepU(epuuecKux
TKaHe# k nHCynuHy. ITo BeIpakeHHOCTH (papMaKOIOrHieckoro aeficTBus [ TMKBepHUH IpeBhIIIal IpernapaThl CPABHEHUS BOITH003 U MeT(GOPMHUH.

ITo pe3ynbrataM THCTOJNOTMYECKOTO HCCIENOBAaHMA, |MKBepuH, Onarojapsi BIMSHUIO HAa HECKOJIBKO ITaTOT€HETHYECKUX 3BEHHEB
MeTa0OJIMYIeCKOr0 CHHAPOMA, YITyqmian MOP(OIOrHIeCKOe COCTOSHHE [-KIETOK IIOJDKETyJOYHOH >Kele3bl, NpefoTBpaIlall JUCTpoduuecKre U
HEKPOOHOTHYECKHE HM3MEHEHHs, YTO CHOCOOCTBOBAIO YBENHYEHUIO KOJIMYECTBA OCTPOBKOB, B OTJIMYME OT ACHCTBMS IpernapaTa CpPaBHEHHs
Mmerdopmuna. [loydeHHble pe3ysibTaThl 00OCHOBBIBAIOT AajibHeWIIee (apMaKoIOrHyeckoe U3ydeHue [JIMKBepHHa Kak MEepPCHEeKTUBHOTO CPEACTBa
UL JTIeUeHNS TIPOSIBIICHUI MeTab0INIecKoro CHHAPOMA.

KiawueBble ciaoBa: Meradojnyecknii cCMHAPOM, [JIMKBepUH, KBepUETHH, BOIiu003a,
MeT(GOPMUH, THCTOCTPYKTYPA MOIKeTYI0UHOI KeJie3bl.

Introduction. Metabolic syndrome (MS) is a complex of metabolic and hormonal disorders
that increase cardiovascular risk factors twice, and development of diabetes mellitus type 2 (DM
type 2) — five times in comparison with people without symptoms of this syndrome [1, 2]. MS has a
pandemic incidence. It is observed in 20-30 % of adult population of majority world countries.
Primarily decrease of physical activity and high-calorie diet are responsible for such statistics.

Main components for MS are insulin resistance (IR), abdominal obesity, atherogenic
dyslipidemia [3]. There are IR and compensatory hyperinsulinemia which stand in the background
of metabolic changes during MS. These two conditions lead to logical exhaustion of pancreatic f3-
cells and development of typical carbohydrate metabolism disorder — increase of fasting glycemia,
failure in glucose tolerance and postprandial hyperglycemia. Correction of pointed disorders is
performed by different groups of blood glucose lowering drugs.

In recent years it was proven that oxidative stress plays a significant role in MS components
induction, particularly - IR [4]. This makes necessary to include medicines with antioxidant activity
in complex therapy of MS.

Thus, treatment of MS has to be pathogenetically justified and has at the same time to
correct all symptoms of MS which often leads to polypragmasy and development of side reactions.

Aiming to reduce medicines’ loading at the standard therapy of MS it is reasonable to use

combined medicine forms that combine different types of pharmacological activity.
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In National University of Pharmacy we created new combined medicinal agent with
conditional name Glikverin. This agent consist of antioxidant quercetine and well-known regulator
of postprandial hyperglycemia - a-glucosidase inhibitor — voglibose.

The aim of this work was to investigate the influence of Glikverin on carbohydrate
metabolism and on pancreatic gland morphological structure in terms of experimental metabolic
syndrome. Ground for conducting of the study was significant pharmacological activity of
Glikverin which were established in previous experiments [5].

Materials and methods. Pharmacological studies we conducted in Central Scientific
Laboratory of National University of Pharmacy which was certified by State Expert Centre of
Ministry of Health of Ukraine as a basis for experimental pharmacology (certificate Ne 008/11 dated
18.10.2011). The study was conducted on 42 male Wistar rats of 18months age, body mass 270-300
g. All procedures with animals were made according to rules of “European convention for the
protection of vertebrate animals used for experimental and other scientific purposes (Strasbourg,
1986) [6].

Metabolic syndrome was designed by high-sucrose diet (HSD), in which we substituted
water with 30% solution of sucrose in water containers with free access to it during 8 weeks.
Animals were held in a standard cell of vivarium. Investigational agents were administered
simultaneously with sucrose solution intragastrically during 8 weeks. Next experimental groups
were formed: 1 group — animals of intact control (IG), 2 group — animals of control group, that were
administered 30% solution of sucrose, 3 group — animals that on the background of sucrose were
administered Glikverin - mixture of quercetine (dose 50 mg/kg) and voglibose (dose 0,02 mg/kg),
4-6 groups — animals that on the basis of sucrose were administered reference agents (RA):
quercetine substance in dose of 50 mg/kg (PJSC SIC «Borshchahivskiy CPP», Ukraine), voglibose
substance in dose of 0,06 mg/kg (Ranbaxy, India) and standard agent — tablets “metformin” in dose
of 200 mg/kg (Gedeon Richter, Germany).

In 8 weeks we evaluated condition of glucose homeostasis using the level of basal glicemia
and with help of intraperitoneal glucose tolerance test (IPGTT, glucose in dose of 3 g/kg). Blood
samples for glucose analysis were taken in 30, 60, 90 and 120 minutes after carbohydrates loading.
Glucose level in blood was determined by glucose oxidase test using kit “D-glucose”, Felicit-
Diagnostics (Ukraine).

Areas under glicemic curves (AUCglu, mmol/lI-min) were counted using statistical programs
"MedCalk, v. 9.3.7.0".

Sensitivity of peripheral tissues to insulin action we determined with help of short insulin
tolerance test. In this test the percentage of decrease of basal glycaemia was counted 30 minutes
after intraperitoneally hormone administration in dose 1 1U/kg in relation to baseline level [7].
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At the end of experiment animals were decapitated under ether narcosis. Histologically we
investigated pancreatic glands (PG) of rats that received Glikverin and metformin [8]. On sections
of PG we determined space density of pancreatic islets (general quantity of islets in sample) and
percentage of islets with different content of B-cells: small (5-20 B-cells), middle (21-60 B-cells) and
large (>60 B-cells). We conducted evaluation of microsamples under light microscope Granum,
photographing of microimages was performed by digital video camera Granum JACM 310. Photo
pictures were processed on a computer Pentium 2,4GHz using program Toup View.

Received data we elaborated using analysis of variants. For determination of statistically
significant differences between experimental groups we used Newman-Keuls and Mann-Whitney
test. Differences were considered statistically significant within p<0,05.

Results and discussion. According to received data long-term HSD for animals didn’t lead
to change of basal glycemia (fig.1, tab.1). However the character of glycemic curves, received
during conducting IPGTT, indicated the presence of impaired glucose tolerance in animals.
Intraperitoneal administration of carbohydrates solution showed a sharp rise of glucose level in
animals’ blood. This concentration was statistically significant higher than value of intact group
within all timelines (fig.1). Integrated index of area under glicemic curves (AUCg,) was 1,6 times
higher than corresponding index in intact group (tab.1) and this was also an evidence of glucose
intolerance in control group animals as a result of violation of glucose utilization in liver caused by
surplus consumption of sugars. Short insulin tolerance test allowed discover significant decrease of
peripheral tissues sensibility to insulin action in animals of control group. Sensitivity index to
insulin in control group was lower in 2,8 times in comparison with intact group (tab.1). Analyzing
received data we can conclude that log-term keep of animals on HSD together with physical
inactivity leaded to development of glucose intolerance, decrease in sensitivity of peripheric tissues
to insulin. Beyond that taking into account the unchanged level of basal glycemia in animals of this
group we can assume the presence of compensatory hyperinsulinemia. Due to this the level of basal

glycemia in animals of control group remains on physiological level (tab.1).
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Fig. 1. Influence of Glikverin on dynamics of glycemia during IPGTT in rats in terms of

metabolic syndrome, induced by 30 % sucrose solution, (X£Sx). Number of animals in each group

=7.
Table 1

Influence of Glikverin on indices of glucose homeostasis in rats in terms of metabolic

syndrome induced 30 % sucrose solution (n=7), X+S

Study groups Index
Basal glycemia, mmol/I AUKglu, mmol/lxmin CSI, %
(IPGTT)
Intact group 4,84+0,22 783,62+19,79 51,442.8
Control group 5,12+0,38 1290,24+55,02' 18,243.3'
Glikverin 4,24+0,73 733,65+15,32PY™ 49,6+7,7°
Quercetine substance 4,68+0,25 768,21+29,44P 46,6+3,8°
Voglibose substance 4,37+0,24 900,21+40,43 42.3+5.4°
Tablets Metformin 4,09+0,06 848,83+43,33P 45,9+3,2P

Notes:

i — differences are statistically significant in reference to values of animals from intact group, p<0,05;
p — differences are statistically significant in reference to values of animals from intact group, p<0,05;
v — differences are statistically significant in reference to values of animals treated with voglibose substance,

p<0,05;

m — differences are statistically significant in reference to values of animals treated with metformin, p<0,05.
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Chronic input of sugar in organism if animals caused changes in pancreatic gland in control
group animals. Results of histological analysis correlate with received biochemical data and are an
evidence for compensatory amplification of B-cells functional activity in order to maintain basal
glucose level on physiological level. On the background of a normal space density of pancreatic
islets (31,6 in microsample) we observed the rearrangement of islets within their sizes — the number
of small islets increased, minor islets with only 2-4 -cells appeared. This is a proof of enhanced
regenerative processes in PG of rats for increase of functional capability of organ by means of
excessive entrance of carbohydrates. There was also a grow in number of islet with nontypical
shape — they appeared to spread in width, and this is also a sign of compensatory increase of
insulinproductive islets’ activity in terms of increase need for hormone for utilization of excessive
carbohydrates. Along with this we observed decrease in number of big and middle islets (fig.2, b).
We also observed islets with “exhaustion” and devastation of B-cells (fig.2, ¢, d). In some
pancreatic islets (PI) nucleus of B-cells were hypertrophied, sometimes pyknotic, vacuolization of
[3-cells was observed (fig.2, e, f).

Thus, we revealed changes of carbohydrate metabolism in rats maintained on HSD. These
changes suggest that there is a condition of “prediabetes” which is characterized by liver IR and
strengthening of compensatory processes in pancreatic gland.

Using of Glikverin with solution of sucrose prevented development of metabolic disorders
caused by long term keeping of animals on HSD. Evaluation of glucose homeostasis showed the
improvement in glucose utilization in liver under the influence of a new combined agent. Increase
of glucose tolerance spoke for that fact. While conducting IPGTT in rats that received Glikverin
glycemia level was similar to glucose level in intact group and reference agent quercetin group and
was statistically significant lower than in groups of voglibose and metformin (fig.1). Statistical
analysis of values AUCy, confirmed statistically significant advantage of Glikverin over reference
agent voglibose and metformin (fig.1). Conducted short insulin tolerance test exhibited increase of
sensibility of Glikverin and reference agents. Affected by investigational medicines KUI recovered
to the level of intact animals (tab.1). Received data are associated with results of another studies of
pharmacological properties of quercetin, voglibose and metformin in terms of metabolic syndrome
[10, 11].

Established efficacy of Glikverin was confirmed by histological study if pancreatic gland
tissue. In Glikverin group majority of animals had the same morphological structure of PG
(saturation with B-cells, uniformity of spreading, functional condition) as in intact group (fig.2, g).
Only in one animal we observed vacuolization of B-cells in part of islets (fig.2, h). Space density of
Pl was also at the level of intact animals (31.3 Pl vs. 31,6 Pl in intact group), percentage

distribution of Pl in number of B-cells was restoring. Thus, the number of newly formed islets
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decreased 3.4 times, number of small islets — 1.5 times comparing to control group. Number of
middle Pl raised 1.5 times and big — 4.1 times comparing to control group (tab.2).

Table 2
Morphometric analysis of condition of incretic apparatus in rats in terms of metabolic
syndrome induced by 30 % sucrose solution

Study groups Space Spreading of pancreatic islets according to content of 3-cells
density of
pancreatic 2-4 5-20 21-60 > 60
iclets (very small) (small) middle) (big)
Intact group 31,6 0 25,7 46,8 27,5
(27; 39) (0; 0) (19,4;35,9) | (42,4;516) | (205;33,3)
Control group 29,9 17,2' 48,6' 29,6' 4,6'
(26; 33) (12,5;21,2) | (41,9;51,7) | (23,1;35,5) (0,0;7,7)
Glikverin 31,3 5,04'/7™ 32,97 43,3 18,7/
(29; 34) (0,0; 6,7) (25,0; 48,4) (32,3; 53,1) (12,9; 27,6)
Tablets 31,8 8,9'° 40,9'° 40,8 9,3'°
Metformin (29; 34) (6,3; 12,9) (35,5;48,4) | (35,3;44,1) (3,2; 17,6)
Notes:
I — differences are statistically significant in reference to values of animals from intact
group, p<0,05;

p — differences are statistically significant in reference to values of animals from control
group, p<0,05;

m — differences are statistically significant in reference to values of animals treated with
reference agent metformin, p<0,05.

Influenced by metformin number of newly formed islets decreased 1.9 times and number of
small ones - 1.2 times. Number of middle islets increased 1.4 times and number of big — 2.0 times
(tabl.2). Morphological condition of PI in different animals within group varied. Part of Pl as for all
parameters in all animals was close to physiological standard (fig.2, i). But there was a large part of
islets which had “untypical” shape, exhaustion in different stage, chaotical distribution and
vacuolization of B-cells cytoplasm (fig.2, , k-m).

Thus, Glikverin exhibited protective action towards (-cells. It enhanced p-cells
morphological condition, prevented dystrophic and necrobiotic changes which contributed to

increase in number of middle and decrease in number of small and very small islets. In
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distinctiveness of protective action on insulinproductive cells PG of rats Glikverin was greater than
reference agent metformin.

Conclusions

1. Keeping of animals on HSD during 8 weeks leaded to development of the complex
of metabolic changes which had such characteristics as insulin resistance, intolerance to
carbohydrates, compensatory raise in functional activity of insulin apparatus PG, with further
exhaustion and destruction of B-cells.

2. Prophylactic administration of combined agent Glikverin increased tolerance to
carbohydrates, enhanced sensibility of peripheric tissues to insulin, had protective action towards
insulin apparatus PG.

3. Received data make evidence for further pharmacological study of Glikverin as

promising agent for treatment of metabolic syndrome.
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Fig. 2. Pancreas of rats from intact group, control group (sucrose) and rats that on the background of metabolic syndrome received experimental

agents. Haematoxilin-eosine.
a — pancreatic islet from pancreas of intact animal: acinus with high density of spreading, pancreatic islet not of the precisely accurate form,

evenly filled by B-cells. x200.

b-f — pancreas of rats’ from control group (sucrose): «nontypical» shape of pancreatic islet (b); pronounced exhaustion of B-cells in pancreatic
islet, hypertrophy of nucleus of remained cells (c); destruction of almost all pancreatic islet, pycnosis of nucleus of single B-cells (d); nesting,
relatively moderate vacuolization of B-cells cytoplasm (e); very pronounced vacuolization (f). x250.

g-h — Glikverin, normal saturation and uniformity of spreading of 3-cells in pancreatic islet of normal shape (g); vacuolization of 3-cells of one
animal (h). x250.

i-m — Metformin, physiologically normal pancreatic islet (i); «nontypical» shape of pancreatic islet (k); non-uniformal chaotic spreading of j3-
cells in different pancreatic islets (I); vacuolization of cytoplasm of B-cells (m). x250.
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