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THE ANTIDIABETIC ACTIVITY OF THE NEW COMPOSITION “THIGLIBEN”
ON THE EXPERIMENTAL DEXAMETHASONE DIABETES MELLITUS MODEL IN RATS

Being a metabolic disease with long-term hyperglycemia, diabetes mellitus significantly increases the risk of microvas-
cular and macrovascular diseases and organ pathologies, respectively. The creation of the new composition “Thigliben”,
which allows not only qualitatively controlling diabetic hyperglycemia, but also providing a preventive and/or thera-
peutic effect on the development of diabetic polyneuropathy was pathogenetically reasonable.

Aim. To study the antidiabetic activity of “Thigliben” on the experimental dexamethasone diabetes mellitus in rats.

Materials and methods. The pharmacological study of the antidiabetic activity of the new composition “Thigliben” in
the dose of 4 mg/kg was performed. The experimental studies were conducted on a standard model of the experimen-
tal dexamethasone type 2 diabetes mellitus in rats. Glibenclamide in the dose of 0.6 mg/kg (corresponds to an average
human daily dose of 10 mg) was selected as the reference drug.

Results. It was found that by its effects on the carbohydrate and lipid metabolism the new composition “Thigliben” was
similar to the reference drug glibenclamide administered in a higher dose. By the antioxidant activity this composition
exceeded the effect of the reference drug, provided that normalization of the TBA-RS level in the liver homogenate was
significant. The new composition “Thigliben” normalized all the parameters of the cerebral energy metabolism studied
relative to the control pathology group and its efficiency was significantly higher than that of the reference drug gliben-
clamide. The new composition “Thigliben” increased the content of ATP by 109 % compared to the control pathology
group, in contrast to 68 % on the background of glibenclamide; restored the activity of citrate synthase by 65 %, succinate
dehydrogenase by 134 %, and pyruvate dehydrogenase by 61 % relative to the control pathology group. For gliben-
clamide the change in these indicators was 28 %, 50 %, and 22 %, respectively. The results obtained suggest that the
metabolic effect of “Thigliben” composition is significantly more effective than that of the reference drug glibenclamide.

Conclusions. The new composition “Thigliben” is a promising antidiabetic drug with a pronounced hypolipidemic,
antioxidant effect and the ability to restore energy deficiency; it is its significant advantage over the standard treatment
regimens, including the average therapeutic doses of glibenclamide.
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AHTHAjaGeTHYHA aKTUBHICTh HOBOI KoMmo3ullii «Tirrioen» Ha MoJeJ1i JeKcaMeTa30HOBOI0
LIYKpPOBOroO AiaGeTy y mypiB

fAx MeTabosiyHe 3aXBOPIOBAHHS 3 TPUBAJIOIO TillepriikeMielo IyKpoBU AiabeT 3HAYHO 36iJbLIYE PU3UK PO3BUTKY
MiKpO- Ta MaKpOCYZAMHHUX 3aXBOPIOBaHb i BiINOBiJHO OpraHHUX NaToJIorii. [laToreHeTUYHO BUIIpaBAaHUM 6YJI0 CTBO-
pPEeHHsI HOBOTO KOMIIJIEKCHOTO JIiKapchbKoro 3aco6y «Tirmi6en», o J03B0oJIsIE He JIHIIEe SIKiCHO KOHTPOJIIOBATH Jiabe-
THYHY TinepriikeMito, ajie i YMHUTb NpodisakTUUHY Ta/abo JiKyBaJbHY Jil0 HA PO3BUTOK AiabeTHYHOI NoJiHeHpo-
narii.

MeTa gociaigKeHHs. BuB4eHHs aHTHAIa0eTUUHOI aKTUBHOCTI Tirs1i6eHy B yMOBax eKClIepUMEHTaJbHOTO JleKcaMeTa-
30HOBOTI0 IIYKPOBOTI'0 AiabeTy 2 TUMY y LypiB.

Martepiasu Ta MeToau. [IpoBoausiock papMakosioriyHe BUBYEHHSI aHTHIia6e TUYHOT aKTUBHOCTI HOBOI papmalieB-
THU4YHOI koMno3uuii «Tirmi6eH» B 103i 4 Mr/Kr. EkciepuMeHTabHi JOCTIXKEHHS POBeJIeHI Ha CTaHapTHINA MogeJti
eKCIepHUMeHTAIbHOTO0 JleKCaMeTa30HOBOI0 LIyKPOBOTo AiabeTy 2 Tuny y 1ypiB. [IpenapaToM nopiBHsiHHSA 6YB 06pa-
HUM riibeHkIaMiz y f03i 0,6 Mr/kr (BiAnoBizae cepefHbOA060BiH 1031 A5 aroguuu 10 mr).

PesyabTaTu. BcTaHOB/IEHO, 1110 32 BIVIMBOM Ha BYIVIEBOAHUH i JliniAHUNA 06MiH kKoMno3uLis Tirii6eH 3HaX0AUTbCS HA
piBHI npenapaTty NopiBHSIHHSA [1i6EHK/IaMi/ly, 1[0 BBOAUTLCS B G1/IbII BUCOKIH 103i. 32 aHTUOKCHU/JAaHTHOIO aKTUBHICTIO
HOBa KOMIIO3H1id epeBUILyE Ailo pedepeHc-penapaTy, npuiyoMy 3a HopMmaJisanieto piBHsa TEK-AIl B romorena-
Ti neyiHku foctoBipHO. Takoxk koMno3uuis Tiri6eH HopMasisyBasa BCi AocaiPKyBaHi TOKa3HUKH Lepe6bpaibHOTO
eHepreTUYHOr0 06MiHY 11[0/10 TPy KOHTPOJILHOI maToJIoril i 0CTOBipHO MepeBUIyBaia epeKTHBHICTh penapary
nopiBHAHHSA ribeHkaaminy. Komnosuuis Tirni6en 36inburyBana BmicT ATO Ha 109 % mozo0 rpynu KOHTPOJIbHOI Na-
ToJiorii, Ha BiAMiHYy Big 68 % Ha Tii r1ibeHK/IaMiay; BiJHOB/IOBaIA aKTUBHICTh LUTPATCUHTA3U Ha 65 %, CYKLUHAT-
JerigporeHasu Ha 134 %, nipyBaTaerifporeHasu Ha 61 % 1110710 Tpyny KOHTPOJIbHOI naTosoril. J1a rii6eHkaamigy
3MiHa IUX NOKa3HUKIB ckitana 28 %, 50 % i 22 % BignosigHo. OTpuMaHi pe3y/IbTaTH CBiYaTh PO Te, 1[0 MeTabo1iy-
Ha it komno3unii Tirni6eH focToBipHO edeKTUBHIIIA, Hi>K TpenapaT NOpiBHAHHS IVli6eHKIaMif,

BucHoBKHU. Tiri6eH € nepCreKTUBHUM aHTH/1iabe THYHUM JIiIKapChKHUM 3aCO00M 3 BUPAKEHUM TiloJIiniieMiYHHUM, aH-
THOKCUAAHTHUM ePeKTOM i 3/[aTHICTIO BiAHOBJIIOBATH eHeproaedilUT, 1[0 € CyTTEBOIO MEPEBArO0 HOBOI KOMIO3UILii
nepeJi CTaHJapTHUMH CXeMaMH JIiKyBaHHS, 1110 BKJIIOYAIOTh CepeIHbOTepaneBTUYHI 03U IMibeHKIaMify.

Kawuosi cioea: nykpoBuii fjabeT 2 TUIy; eKCliepuMeHTalbHa papMaKoJIoTis; KOMIJIEKCHI IyKPO3HMKYBa/IbHi Ipe-
napaTy; IibeHKIaMiz
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AHTHAMa6eTHYecKasa aKTUBHOCTh HOBOM KOMIIO3UIUH «TUIIMGEeH» Ha MO e !
JleKCaMeTa30HOBOIr0 caXapHOro Jua6eTa y KpbIC

Kak meTa6o/inyeckoe 3a6oJieBaHHE C AJIMUTENbHON IMIIEPIVIMKEMUEN caXapHbIH iMabeT 3HAaYUTENbHO YBEJIUYUBAET
PHUCK pa3BUTHS MUKPO- U MAaKPOCOCYAMCTBIX 3a060J1eBaHMH U COOTBETCTBEHHO OPraHHBIX NaToJIorui. [laToreneTuye-
CKH ONPaBJAaHHBIM GbLJIO CO3/laHHUEe HOBOT'O KOMILJIEKCHOTO JIEKAPCTBEHHOIO CpeAicTBa «TUTINGEH», T03BOJISIOIEr0
He TOJIbKO KaueCTBEHHO KOHTPOJIMPOBATh AMA6ETHYECKYI0 THIIEPIIMKEMHIO, HO U OKa3bIBaIOIEro NpodUIaKTHYE-
CKOe 1/W11 ledeOHOe JieHicTBHe Ha pa3BUTHE AMa6eTHYeCKOH OJIMHEeHPONaTHH.

lle.m: HCC/IeJOBAHUA. I/I3yqe1-me aHTHAHa6eTH‘{ECKOﬁ akTUBHOCTU TUr/IMGEHa B YCJIOBUAX 3KCIIEPUMEHTAaJIbHOT' O
AEKCaMEeTa30HOBOI'0 CaXapHOro ,C[I/Ia6eTa 2 Tuna Y KpbIC.

MarepuaJsibl M MeTOABI. [IpoBoaniock papMakooruieckoe U3ydeHue aHTHAMA0eTUYeCKON aKTHBHOCTH HOBOH dap-
MaleBTUYeCKOH KOMIO3ULMH «TUIINGeH» B j03e 4 MIr/KT. JKCIIepUMeHTaIbHble UCCIeJ0BaHUs IPOBe/IeHbl HA CTaH-
JIapTHOW MOZIeJIM 3KCIIepHUMEHTAJIBHOTO JleKCaMeTa30HOBOI'0 CaxapHoro AuabeTra 2 Tvuna y kpbic. [[penapaTom cpas-
HeHMUs 6bL1 BbI6paH IMHM6eHKIaMUA B fo3e 0,6 MI/Kr (COOTBETCTBYeT CpeJHECYTOYHOH fj03e /s yesoBeka 10 mr).

Pe3ysibTaThbl. YCTaHOBJIEHO, YTO 110 BO3/1€ACTBUIO HA YIJIEBOJHBIN U IMIUAHBIA 00MeH KoMNo3uLus TUrn6eH Haxo-
JIUTCS HA YPOBHe IIpenapaTa CpaBHeHUs MTMOeHK/IaMH/ia, BBOAUMOr0 B 60Jiee BBICOKOM fjo3e. [I0 aHTHOKCHAAHTHON
aKTHBHOCTH HOBasi KOMIIO3UIIUS NPeBbIILAET JeHCTBYUe pedepeHc-TIpenapaTa, IpuieM 0 HOpMan3aL 1 YPOBHS
TBK-AII B roMoreHare ne4eHu JjoctoBepHo. Takxe koMno3unus TUIIHGeH HOpMaM30Baja BCce U3ydaeMble IOKa3aTe-
JIM 1jepe6pasbHOTO YHEPTETUIECKOT0 06GMeHa OTHOCUTEIBHO TPYIIbI KOHTPOJIBHOHM MATOJIOTHHU U JOCTOBEPHO Ipe-
BblllIas1a 3¢ PEeKTUBHOCTD Npenapara CpaBHeHUs MbeHkIaMuaa. Komnosunus TUMIMGeH yBeJMurBaa cofepKaHye
AT® Ha 109 % OTHOCHUTEJILHO I'PYNIIbl KOHTPOJBHOM MATOJIOTUH, B OTJINYME OT 68 % Ha QpoHe rIMGeHKIaMHU/ia; BOC-
CTaHaBJIMBaJa aKTUBHOCTb [IUTPATCUHTA3bl Ha 65 %, cykuuHaTAeruaporeHassl Ha 134 %, nupyBaTAeruporeHasbl
Ha 61 % OTHOCHUTEJIbHO TPYIIbI KOHTPOJIBHOM NaTo/I0TKHU. [ IIMbeHK/IaMu/ia U3MeHeHHe 3TUX NloKa3aTesel co-
craBusio 28 %, 50 % u 22 % cooTBeTcTBEeHHO. [loJly4yeHHbIe pe3y/NbTaThl CBUETEIBCTBYIOT O TOM, YTO MeTab0JIH-
yecKoe el CTBUe KOMIOo3UIuK TUrIn6eH focToBepHo 3dPeKTHBHee, YeM NpenapaTa CpaBHEHUs IMIM6eHKIaMu/a.

BblBOAbI. TurnubeH sBaseTCsA NnepCcneKTUBHbIM aHTl/l,C[I/IaGeTI/I‘-leCKI/IM JIEKAPpCTBEHHBIM CPpeACTBOM C BbIPA>XKE€HHBIM
TUNOJIMITUAEMHUYECKUM, aHTUOKCHUAAHTHBIM Sd)(l)eKTOM Y CIIOCOGHOCTBI0 BOCCTAaHABJIMBATh 3HepF0,E[E(1)I/ILU/IT, 4TO fAB-
JIAETCA CyllleCTBEHHbIM IPEeUMyLieCTBOM HOBOM KOMIIO3WIUHU ITepe] CTaHAAPTHbIMU CXeMaMH JieYeHU s, BKJII04Yalo-
HIMMU CpejHeTepaneBTUYeCKue 403bl I‘JII/I6EHKJ'IaMI/I,C[a.

Kaloyesvle ca08a: caxapHbli AUaGeT 2 TUIA; SKCIepUMeHTaIbHast GapMaKoIOrHsi; KOMIIJIEKCHbIE CaXapOCHIDKaloLI1e

npenaparsol; I‘J'Il/l6eHKJIaMI/I,£L

iabetes mellitus (DM) has become one of the

most common diseases in the world, and
according to the WHO, the proportion of adults with
diabetes will be 69 % by 2030 [1]. Being a metabolic
disease with long-term hyperglycemia, DM signifi-
cantly increases the risk of microvascular and mac-
rovascular diseases and organ pathologies, respec-
tively [2]. Hyperglycemia at the macrovascular level
induces and/or complicates the pathology of coro-
nary arteries and cerebrovascular diseases, and in the
case of disorders at the microvascular level mainly
affects eyes, kidneys, and liver.

The creation of a new complex drug contain-
ing glibenclamide, thioctic acid and benfotiamine
is pathogenetically reasonable [3]. The main me-
chanism of action of glibenclamide is the blockade
of ATP-dependent potassium channels (K*-ATP-chan-
nels), which are localized on the plasma membrane
of pancreatic beta cells, it leads to depolarization of
the membrane and the influx of Ca?* ions through
voltage-dependent calcium channels. An increase
in the intracellular concentration of Ca?* activates
calcium / calmodulin-dependent proteinkinase II
and stimulates exocytosis of secretory granules with
insulin. Glibenclamide has the highest affinity for sul-
fonylurea receptors on beta cells and the most pro-
nounced hypoglycemic effect among sulfonylurea
preparations, and also has extra-pancreatic effects,
such as increase in the sensitivity of peripheral

tissues, primarily fatty and muscular ones, to in-
sulin and improvement of the glucose uptake by
cells. The hypoglycemic efficacy and the ability to
prevent microvascular complications of glibencla-
mide were proven in such large studies as UKPDS,
ADOPT [4]. The latter demonstrated a 2.2-fold re-
duction in the risk of cardiovascular complications
in patients with type 2 diabetes mellitus on the
background of glibenclamide administration.

Benfotiamine was introduced into the new com-
position in order to prevent the development and
correction of diabetic polyneuropathy as it is able
to level out the key changes in the structures of pe-
ripheral nerves and the microvasculature, which is
typical for the pathogenesis of polyneuropathies.
Benfotiamine normalizes metabolic processes in neu-
rons, increases the transketolase activity, provides
utilization of intermediate glycolysis products in
the pentose phosphate cycle [5].

Thioctic acid (a-lipoic acid) is an endogenous
antioxidant that participates in the mitochondrial
energy production; it is characterized by a pronounced
antitoxic effect, and demonstrates synergism with
respect to insulin, which is due to the acceleration
of glucose utilization. Thioctic acid is used in the
treatment of diabetic polyneuropathy.

Thus, the development of a fixed combination
of thioctic acid, glibenclamide and benfotiamine
under a conditional name “Thigliben” will allow not
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Table 1
Changes and weight gain in rats with dexamethasone diabetes mellitus (n=10)
Body weight, g
No Group Day of the experiment Hizeges L idos p
) body weight
Day 1 Day 15
1 |Intact control 184 +2.50 196 +2.56 12.9+£0.91 -
2 | Control pathology 186 +2.39 212 +£2.31 27.6 £1.47 p,,<0.001
The composition containing gliben-
3 | clamide (0.25 mg/kg) + thioctic acid 184 + 1.87 198 + 1,83 16.4+1.13 p,,<0.001
(0.75 mg/kg) + benfotiamine (3 mg/kg)
4 | Glibenclamide (0.60 mg/kg) 185+ 1.75 199 £ 2.50 15.7 £1.57 P,,<0.001

only qualitative control of diabetic hyperglycemia,
but also a preventive and / or therapeutic effect on
the development of diabetic polyneuropathy:.

Previously, at the stage of screening studies, an
effective dose of “Thigliben” composition was de-
termined; it was 4 mg/kg. It consisted of gliben-
clamide - 0.25 mg/kg (corresponding to a human
dose of 4.12 mg per day), thioctic acid - 0.75 mg/kg
(corresponding to a human dose of 12.5 mg per day);
benfotiamine - 3 mg/kg (corresponding to a human
dose of 50 mg per day) [6].

The aim of our work was to study the antidia-
betic activity of the new composition “Thigliben” on
the main parameters of the carbohydrate and lipid
metabolism, the system lipid peroxidation - anti-
oxidant system (LPO-AOS), and the energy metabo-
lism in the experimental diabetes mellitus type 2.

Materials and methods

Insulin-independent diabetes mellitus was mo-
deled according to the recommendations by sub-
cutaneous administration of dexamethasone glu-
cocorticoid in rats in the dose of 0.125 mg/kg for
14 days with a simultaneous high-calorie carbohy-
drate diet [7].

The experimental animals were randomized into
the following groups (10 rats per group): Intact
control; Control pathology (14-day administration
of dexamethasone + a high-carbohydrate diet); Ani-
mals that received the composition of glibenclamide
in the dose of 0.25 mg/kg (corresponding to a hu-
man dose of 4.12 mg per day), thioctic acid in the
dose of 0.75 mg/kg (corresponding to a human dose
of 12.5 mg per day) and benfotiamine in the dose of
3 mg/kg (corresponding to a human dose of 50 mg
per day) with under conditions of the experimen-
tal pathology; Animals receiving the reference drug
glibenclamide in the dose of 0.60 mg/kg (corre-
sponding to a human average daily dose of 10 mg)
on the background of pathology.

For biochemical studies, animals were removed
from the experiment (under ether anesthesia) on
day 15, and the biomaterial was taken. The content
of glucose, insulin, free fatty acids (FFA), triacyl-

glycerols (TAG), cholesterol and high density lipo-
proteins (HDL) were determined using standard kits
of firms “SpineLab”, Ukraine; “Filisit-Diagnostics”,
Ukraine, “Lachema” Czech Republic. Thiobarbituric
acid reagents (TBA-AP), reduced glutathione (G-SH),
and catalase, which were determined by standard
methods [8], were selected as indicators of the lipid
peroxidation system - antioxidant system. To assess
the participation of the new composition “Thigli-
ben” in the energy metabolism, we studied the con-
tent of macroergic phosphates - ATP, ADP - in the
brain tissues and the activity of citrate synthase,
pyruvate dehydrogenase, and succinate dehydro-
genase.

Animals were kept under standard conditions
of the vivarium at the Central Research Laboratory
of the NUPh. The studies were carried out in accord-
ance with the National General Ethical Principles
of Animal Experiments (Ukraine, 2001) based on
the provisions of the European Convention for the
Protection of Vertebrate Animals for Experimental
and Other Scientific Purposes (Strasbourg, 1986).
Statistical processing of the results was performed
using AnalystSoft Inc. StatPlus and the Student cri-
terion [9].

Results and discussion

It was found that by Day 15 of the experiment
the significant changes in the body weight were re-
corded in animals (Tab. 1).

Animals of the control pathology group under
conditions of the experimental insulin-independent
diabetes mellitus demonstrated a significant increase
in the body weight; the gain value was 2.15 times
higher than in that of the intact control group.

The treatment-and-prophylactic administration
of “Thigliben” composition allowed controlling chan-
ges in the body weight along with administration of
dexamethasone and a high carbohydrate diet, the
value of body weight gain was slightly higher than
that in the group of rats treated with the reference
drug glibenclamide in a higher average therapeutic
dose. It should be noted that in the animals treated
with “Thigliben” and glibenclamide the changes in
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Table 2

The indicators of the carbohydrate and lipid metabolism in rats
on the background of dexamethasone diabetes mellitus (n=10)

The composition containing
libenclami .25 mg/kg) + libenclami
Intact control Control pathology gthtisc;caacige((()gssmg?lig?)ﬁ- G(O%eo rcn; /kg(;)e
benfotiamine (3 mg/kg)
Glucose, mmol/L (blood serum)
517 +0.18 | 11.3 & 0.32%%* | 567 +0.17% | 5.27 +0.15%
Insulin, pg/mL (blood serum)
1,301 +225 | 2,076 + 29.8%** | 1,472 + 41.6% | 1,394 + 47.5%
FFA, mmol/L (blood serum)
0.43 +0.04 | 0.83 + 0.04%** | 0.61 +0.02%* | 0.58 + 0.03**
TAG, mmol/L (blood serum)
0.85 +0.05 | 1.91 + 0.04%** | 1.01 +0.06" | 0.91 +0.04"
Cholesterol, mmol/I (blood serum)
2.19+0.10 | 3.49 +0.11%%* | 2.38 +0.09" | 2.24 +0.10%
HDL, mmol/L (blood serum)
1.18+0.05 | 0.90 + 0.03** | 1.12 +0.04* | 1.15 + 0.04*
Glycosylated hemoglobin, % (blood serum)
75+0.5 | 9.6 +0.7* | 8.6 +0.7% | 8.2 +0.5*

Notes:

1) Statistically significant differences compared to the values of the intact control group * - p<0.05; ** - p<0.01; *** - p<0.001;
2) Statistically significant differences compared to the values of the control pathology group* - p<0.01; ## - p<0.001.

the body weight were at the level observed in the
group of the intact control.

It is well known that administration of high doses
of glucocorticosteroids may lead to a secretory dys-
function of pancreatic beta cells and development
of insulin resistance. Dexamethasone diabetes mel-
litus in the experimental animals was verified by
significant disturbances of the carbohydrate and
lipid metabolism (Tab. 2).

A 2.1-fold increase in the glucose level in the
control pathology group may be due to the fact that
dexamethasone inhibits the expression of glucose
transporters GLUT 1 and GLUT 4 [10, 11], and it
causes a decrease in glucose utilization by periphe-
ral tissues. At the same time, there is large-scale
hyperinsulinemia as a compensatory reaction to
hyperglycemia. The latter is indicative of the cell
insensitivity to insulin and the development of se-
vere insulin resistance (the insulin level in the con-
trol pathology group exceeds this indicator in the
intact control group by 2.7 times).

In animals of the control pathology group de-
xamethasone diabetes mellitus and high-carbohyd-
rate diet induced significant lipid metabolism dis-
orders. By Day 15 of the experiment there was a
significant increase in the concentration of free fatty
acids (FFA) (by 197 %) and triacylglycerol (TAG)
(by 228 %). The above is the result of the fact that
due to the weakening of the inhibitory effect of in-
sulin on the processes of lipolysis there is mobili-

zation of fat from the adipose tissue, and the syn-
thesis of atherogenic low-density lipoproteins and
cholesterol by the liver increases. In addition, a de-
crease in the level of antiatherogenic high-density
lipoproteins (HDL) was found, indicating an increase
in their catabolism.

The increased content of FFA and TAG in the
blood, their increased flow to the cells of organs
and tissues provokes further disturbances of the
cellular metabolism, increases hyperglycemia and
hyperinsulinemia.

Administration of “Thigliben” normalized the
parameters of carbohydrate and lipid metabolism
studied to the limits of the physiological norm of the
intact control, and was not inferior to the activity
of the reference drug glibenclamide.

The pharmacological activity of “Thigliben” com-
position is explained by adding glibenclamide cha-
racterized by decreased concentration of glucose in
the blood and the level of glycosylated hemoglobin
to its content.

[t should be noted that 58 % reduction in the
dose of glibenclamide in the new composition did
not lead to statistically significant differences in
efficacy with the reference drug glibenclamide ad-
ministered in the average daily dose by its effect on
the carbohydrate and lipid metabolism. This phe-
nomenon can be explained by potentiation of the
activity of glibenclamide, benfotiamine and thioctic
acid, which are components of “Thigliben”.
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Table 3
The indicators of the LPO-AOS system in rats on the background
of dexamethasone diabetes mellitus (n=10)
The composition containing
glibenclamide (0.25 mg/kg) + Glibenclamide
et i) e [peitiolegy thioctic acid (0.75 mg/kg) + (0.60 mg/kg)
benfotiamine (3 mg/kg)
TBA-RS, umol/L (blood serum)
1.10 +0.05 | 2.93 +0.10%%* | 1.86 & 0.07%**##55 | 2.33 + 0.04%*%#
TBA-RS, umol/g (liver homogenate)
80.9 + 0.90 | 232+ 9.07%%* | 130 + 4.84%%%5 | 167 + 5.12%xx#
G-SH, RU (liver homogenate)
66.7 + 1.38 | 30.6 + 1.64%%* | 57.9 + 2.55% | 52.3 + 1.]9%xx#
Catalase, pkat/g (liver homogenate)
0.39 +0.01 | 0.22 + 0.02%** | 0.34 +0.01%* | 0.31 +0.07%*x#
Notes:

1) Statistically significant differences compared to the values of the intact control group * - p<0.05; ** - p<0.01; *** - p<0.001;
2) Statistically significant differences compared to the values of the control pathology group # - p<0.01; # - p<0.001;
3) Statistically significant differences compared to the values of the reference drug glibenclamide group * - p<0.01; * - p<0.001.

The next stage of our work was to study the
effect of “Thigliben” composition on the lipid per-
oxidation - antioxidant system (LPO-AOS) indexes
in the experimental insulin-independent diabetes
mellitus. The results are shown in Tab. 3.

One of the mechanisms of the toxic effect due
to the excessive content of FFA in the blood is the
activation of free radical oxidation. The results ob-
tained show that in the control pathology group there
is a significant prooxidant-antioxidant imbalance.
The level of thiobarbituric acid reactive substances
(TBA-RS) in the blood serum and the liver homoge-
nate is 2.7-2.9 times higher than the values of intact
control; it indicates a large-scale activation of lipid
peroxidation. At the same time, there is a simulta-
neous decrease in the activity of the endogenous
antioxidant system of the body; the level of G-SH in
the liver homogenate is reduced by 54.3 %, and the
activity of catalase by 46 %.

Administration of the new composition “Thigli-
ben” significantly normalized the balance of AOS
indexes to the level of intact control. In the mecha-
nism of the antioxidant effect of “Thigliben” com-
position there is the activity recovery of both the
nonenzymatic link of the AOS (an increase in the
G-SH content by 89 % compared to the control pa-
thology group) and the enzymatic level (an increase
in the catalase activity by 60 % compared to the
control pathology group).

By its ability to normalize peroxidation and re-
store the endogenous antioxidant system the new
composition “Thigliben” is superior to the referen-
ce drug glibenclamide, provided that its effect on
the level of TBA-RS in the liver homogenate is sig-
nificant.

The advantages of the new composition “Thigli-
ben” compared to the reference drug glibenclamide
concerning the LPO-AOS imbalance recovery can
be explained by the fact that the composition con-
tains benfotiamine belonging to water-soluble bio-
genic bioantioxidants.

Thus, it was found that by its effects on the car-
bohydrate and lipid metabolism the new composi-
tion “Thigliben” was similar to the reference drug
glibenclamide administered in a higher dose, and
by the antioxidant activity this composition exceed-
ed the effect of the reference drug, provided that
normalization of the TBA-RS level in the liver ho-
mogenate was significant.

Diabetes mellitus is characterized by systemic
metabolic disorders in addition to disorders of car-
bohydrate and lipid profiles, as well as LPO-AOS im-
balance; disorders of the energy metabolism can be
no less dangerous, leading to multiple complica-
tions and significantly aggravating the course of
the disease.

The lack of energy in the cell leads to qualita-
tively similar metabolic and morphostructural dis-
orders in various organs and tissues. Reduction of
the energy production in mitochondria and devel-
opment of numerous adverse biochemical changes
lead to mitochondrial dysfunction and cause even
more pronounced energy deficiency, irreversible
damage, and cell death [12].

Brain cells are the most sensitive to energy de-
ficiency. Taking into consideration the facts men-
tioned above it was deemed appropriate to study
the parameters of the energy metabolism in brain
cells on the background of the experimental dex-
amethasone diabetes mellitus and the possible
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Table 4

The indicators of the energy metabolism in rats on the background
of dexamethasone diabetes mellitus (n=10)

Intact control Control pathology

glibenclamide (0.25 mg/kg) +

The composition containing
Glibenclamide
thioctic acid (0.75 mg/kg) + (0.60 mg/kg)

benfotiamine (3 mg/kg)

ATP, umol/g (brain homogenate)

3.04 +0.06 | 1.27 + 0.05*** | 2.64 + 0.04**x#15 | 2.13 + 0.05%*x##
ADP, umol/g (brain homogenate)
0.275 + 0.005 | 0335+0007%* | 0.276 + 0.005**S | 0.306 + 0.005***
Citrate synthase, nmol/min-per mg of protein (brain homogenate)
4.81+0.08 | 2.62 +0.07%** | 4.31 +0,08**##15 | 3.36 + 0.15%%*#

Succinate dehydrogenase, nmol/min per-mg of protein (brain homogenate)

745+0.17 | 2.92 +0.10%* |

6.82 + 0.13%##5 | 4.37 +0.20%*x#

Pyruvate dehydrogenase, nmol/min-per mg of protein (brain homogenate)

29.9 +0.46 | 17.5 & 0.47%%* |

28.1 + 057 | 21.3+0.47%xxm

Notes:

1) Statistically significant differences compared to values of the intact control group * — p<0.05; ** — p<0.01; *** - p<0.001;
2) Statistically significant differences compared to the values of the control pathology group #- p<0.05; *# - p<0.01; #* - p<0.001;
3) Statistically significant differences compared to the values of the reference drug glibenclamide group * - p<0.001.

impact of the new composition “Thigliben” on the
energy metabolism.

The results of the study of the energy metabo-
lism indicators on the background of insulin-inde-
pendent diabetes are shown in Tab. 4.

In the control pathology group there was a signi-
ficant 2.4-fold decrease in the ATP content compa-
red to the intact control and a simultaneous 1.2-fold
increase in ADP. It indicates the development of a
large-scale energy deficiency in brain cells.

Disturbance of the enzymatic activity of energy
processes was verified by a significant decrease in
the activity of citrate synthase by 1.8 times, suc-
cinate dehydrogenase by 2.6 times, and pyruvate
dehydrogenase by 1.7 times.

The new composition “Thigliben” normalized all
the parameters of the cerebral energy metabolism
studied relative to the control pathology group and
its efficiency was significantly higher than that of
the reference drug glibenclamide. The new compo-
sition “Thigliben” increased the content of ATP by
109 % compared to the control pathology group,
in contrast to 68 % on the background of glibencla-
mide; restored the activity of citrate synthase by
65 %, succinate dehydrogenase by 134 %, and py-
ruvate dehydrogenase by 61 % relative to the con-
trol pathology group. For glibenclamide the change
in these indicators was 28 %, 50 %, and 22 %, re-
spectively. The results obtained suggest that the
metabolic effect of “Thigliben” composition is sig-
nificantly more effective than that of the reference
drug glibenclamide.

A significant advantage of the new composition
“Thigliben” compared to glibenclamide on the recovery

of energy deficiency induced by insulin-independ-
ent DM is the introduction of benfotiamine into it.

After absorption, benfotiamin reaches the liver
where with the help of thiamine phosphokinase
it is phosphorylated to thiamine monophosphate,
thiamine diphosphate, and thiamine triphosphate.
The main active form is thiamine diphosphate or
thiamine pyrophosphate. The latter is a part of at
least four enzymes involved in the metabolism.
Thiamine pyrophosphate is a part of pyruvate de-
hydrogenase and 2-oxo-ketoglutarate dehydroge-
nase complexes that catalyze the oxidative decar-
boxylation of pyruvic and a-ketoglutaric acids and,
therefore, contribute to the release of energy from
carbohydrates and amino acids. Transketolase, a
thiamine-containing enzyme that provides the ac-
tivity of non-oxidized form of the pentose phospha-
te cycle, is the major source of NADPH (H*) and the
only source of ribose-5-phosphate in cells [12].

Thus, benfotiamine is a direct participant in the
processes of the energy metabolism; it explains the
complete elimination of energy deficiency pheno-
mena in animals receiving the new composition in
the experimental diabetes mellitus.

The antioxidant therapy promotes improvement
in DM compensation, normalization of glycemia since
the activation degree of Nf-kB transcription factor
in diabetes patients has a correlation dependency
on the glucose control quality, the use of thioctic
acid leading to suppression of oxidative stress and
reduction of Nf-kB activation helps to eliminate
hyperglycemia [12].

Thioctic (alpha-lipoic) acid plays an important
role in providing the energy metabolism in the body,
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prevents the development of metabolic acidosis and
fatty liver dystrophy, promotes glucose oxidation,
improves the processes of the energy formation and
energy metabolism. Thioctic acid is a co-factor of
the pyruvate dehydrogenase complex, and admin-
istration of thioctic acid in DM patients who have
subclinical insufficiency of these enzymes leads to
improved efficiency of the glucose use in both pa-
tients with an excessive and normal body weight.

Thioctic acid improves the glucose utilization
by peripheral tissues, stimulating the glucose up-
take, affecting the activation and translocation of
GLUT-4 [10, 11].

The studies by A.E. Midaoui et al. (2003) have
shown that thioctic acid is not only an antioxidant,
but it also has the antihyperglycemic and antihy-
pertensive effects; normalizing the formation of
mitochondrial anion superoxide, it blocks the for-
mation of glycation end products, and reduces in-
sulin resistance.

Thus, the use of thioctic acid can be considered
as aimed at the main pathogenetic mechanisms of
oxidative stress, which is the central link in diabe-
tes pathogenesis and its later complications.

CONCLUSIONS

1. The new composition “Thigliben” in the dose
of 4 mg/kg (glibenclamide in the dose of 0.25 mg/kg,
thioctic acid in the dose of 0.75 mg/kg, and benfo-
tiamine in the dose of 3 mg/kg) under conditions
of the experimental insulin-independent diabetes
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