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Substantiation of the choice of components for a combined
drug used for the treatment of type 2 diabetes mellitus

Diabetes mellitus (DM) is one of the most common non-communicable diseases in the world. As evidenced by the
UN resolution, DM is recognized as one of the most threatening diseases in the world. At present there are more than
382 million people with DM. In the EU almost 4-6 % of the population suffers from type 2 diabetes mellitus (DM 2). It
should be noted that this disease occurs with an extremely high risk of complications, which lead to disability, morbidity
and mortality of patients in this category.

Aim. To substantiate the choice of components for introduction of a combined drug used for the treatment of DM 2.

Materials and methods. The results of meta-analyses concerning medical information of the drug use when treating
DM 2 were analyzed.

Results and discussion. The results of the comparative studies of antidiabetic drugs were generalized; the expe-
diency and rationality of the use of metformin as a drug with the proven efficacy and safety when treating DM 2 was
revealed.

Conclusions. The authors have proposed and substantiated the effectiveness of a new antidiabetic composition
with two API: metformin (400 mg) and benfotiamine (20 mg). The new composition with metformin and benfotiamine
has been confirmed by the pharmacological studies as a highly effective antidiabetic agent with a pronounced antioxi-
dant effect and the ability to restore cellular energy deficiency.

Key words: combined antidiabetic drug; metformin; benfotiamine, algorithm of the primary development;
pharmacological studies

K. H. Topaes, A. C. HemueHko, H. A. Lly6aHoBa, O. M. BeauacHiok, J1. B. €Bceesa

O6rpyHTyBaHHA BUOOpPY KOMMOHEHTIB KOMOiIHOBaAHOIro nikapcbKoro 3acoby ans
nikysaHHsa L2

LlykpoBuii piabet (L) € ogHUM 3 HambinbLl nowmMpeHux HeiHgeKLUIiNHMX 3axXBOptoBaHb Y CBITi. Ak CBiguYnUTbL pe-
3ontouist OOH, L BM3HaHO ofHieto 3 HambinbLL 3arpo3nmBux XBopoO Y cBiTi. Ha cborogHi 3apeectpoBaHo noHazg 382 miH
ocib, wo xsopitoTb Ha LIA. Y kpaiHax €C mamke 4-6 % HaceneHHs cTpaxgatoTb Ha LU 2 tuny. Cnig 3ayBaxuTi, Wo
[aHe 3aXBOPHOBAHHSA Bif3HAYaeTbCs HAA3BUYANHO BUCOKMM PU3UKOM PO3BUTKY YCKNaAHEHb, SIKi MPU3BOAATb A0 BTpa-
TV Npawue3aaTHOCTI, iHBanigmM3aLii Ta CMepTHOCTI XBOpUX L€l KaTeropii.

MeToto po60oTu € 06r'pyHTYBaHHS BMOOPY KOMMOHEHTIB AN BNPOBaXKEHHSI HOBOrO KOMBGIHOBaHOro nikapcbkoro
3acoby ans nikysaHHsa LO2.

Marepianu Ta metoaum. NpoaHanizoBaHi pesynsraT MeTa-aHari3iB CTOCOBHO MeAM4YHOI iHbopMmauii 3acTocyBaH-
Hsl NpenapariB y nikyBaHHi L2,

Pesynbrat Ta ix 06roBopeHHs. Y3aranoHeHi pesynsratv NopiBHANbHUX AOCAIMKEHb TNOrMikeMidyHMX npena-
paTiB, BUSIBMEHO AOUINbHICTb Ta pauioHanbHICTb 3acTocyBaHHA MeTdopMiHy sk JI3 3 goBegeHO eekTUBHICTIO Ta
6esnekoto y nikyBaHHi LIO2.

BucHoBKkM. ABTOpamu 3anpornoHoBaHa Ta obrpyHToBaHa epeKTUBHICTb HOBOI NpoTUAiabeTNyYHOI KOMMO3MLT ABOX
AdDI: meTchopmiHy (400 wmr) i 6eHdoTiamiHy (20 Mr). HoBa komMno3uuisi 3 BKIMOYEHHAM MeTopMiHy Ta 6eHdoTiamiHy
niaTBepaKkeHa hapmakonoriyHUMM SOCHIMKEHHAMUN K BUCOKOEEKTUBHUIN aHTUAiabeTnYHNA 3acib 3 BUPaXKEHUM aHTU-
OKCUOAHTHUM eeKTOM i 3AaTHICTIO BIAHOBNIOBATY KIITUHHWUIA eHeprogediuunT.

Knrouoei cnoea: npomudiabemuyHuli kombiHosaHul nikapcbkull 3acib;, memaopmiH; 6eHghomiamiH; aneopumm
rep8uHHOI po3pobKu, ghapmakonoaidHi OoCiIOKEHHS

K. H. Topaes, A. C. HemueHko, H. A. LlybaHosa, O. M. BesyacHiok, J1. B. EBceesa

O6ocHoOBaHMe BbIOOpa KOMNOHEHTOB KOMOUHUPOBAHHOIO JNIeKapCTBEHHOro cpeacTBa
ana nevyenua CA 2

CaxapHbii anabet (CL) sBnseTcs ogHUM 13 Hanboree pacnpoCcTpaHeHHbIX HEMHMEKLIMOHHBIX 3ab0eBaHnii B MUpE.
Kak cengetenbctyeT pesontounst OOH, C[ npu3aHaH OQHOM 13 caMbiX yrpoXatoLmx 6onesHen B mupe. Ha cerogHsa
3aperucTtpupoBaHo 6onee 382 mrH yenosek, cTpagatowmx CA. B ctpaHax EC noutn 4-6% Hacenenus ctpagatot C[, 2
Tvna. CnegyeTt OTMETUTb, YTO AaHHOe 3aboneBaHue NpoTeKaeT C Ype3BblYaHO BbICOKMM PUCKOM PasBUTUSI OCNOX-
HEHWIA, KOTOpbIe NPUBOAST K NOTEpe TPYyAOCNOCOOHOCTU, MHBANMAN3aUnM U CMEPTHOCTY BOMbHLIX 3TON KaTeropum.

Lienbto paboTbl Obirio 060cHOBaHWE BbIGOPa KOMMOHEHTOB A BHEOPEHUS! HOBOTO KOMOVMHUPOBaHHOTO NEKapCTBEH-
Horo cpefcTsa ansa nedexva CO2.
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MaTtepuanbl u metoAabl. [poaHanmanpoBaHbl pesynbratbl MeTa-aHanmM3oB No MEAMLMHCKOM MHopMaumnn npu-

MeHeHus npenapaToB B neveHun CL2.

PesynbraTthbl U nx obcyxaeHue. O600LeHbI pe3yrnbTaTbl CPaBHUTENbHBIX MCCNEN0BaHMI MPOTMBOANA0ETUYECKNX
npenapartoB, BbiSBMeHa Lienecoobpas3HoCTb M pauMoHanbHOCTb NpUMeHeHns MeTdopmMmHa kak J1IC ¢ gokasaHHom ad-

PEeKTMBHOCTBLIO 1 B6e3onacHoCTbio B nedeHun CL 2.

BbiBoabl. ABTOpamu npeanoxeHa n obocHoBaHa 3deKTMBHOCTb HOBOW NMPOTUBOAMABETNHECKOM KOMMO3ULMM OBYX
ADN: meTchopmumHa (400 mr) n 6eHcpoTrmammHa (20 mr). HoBasi KOMNO3ULMSA C BKIKOYEHMEM MeTOpMUHa 1 BeHdoTnamm-
Ha noaTBepxaeHa apmMakonormyeckumMm NCCrnegoBaHNAMMN Kak BbICOKO3(MEKTBHOE aHTuanabeTnyeckoe CpeacTBo C
BbIpaXX€HHBIM aHTUOKCUAAHTHBLIM 3EKTOM U CMNOCOBHOCTBLIO BOCCTaHaBNMBATL KINETOYHbIV 3HeprogedvumT.

Knroyeenie crosa: npomusoduabemuyeckoe KOMBUHUPOBaHHOE fleKapcmeeHHoe cpedcmeo, MemaOopMUH;
beHgbomuamuH; aneopumm nepeuyHoU paspabomku; hapmakornoaudeckue uccriedosaHusi

According to the State Statistics Service of Ukraine,
diabetes mellitus (DM) ranks third in prevalence after
cardiovascular diseases and cancer. Today 2.9 % of the
country’s total population (or 1 198 047 patients) have
a confirmed diagnosis of diabetes; patients with type 2
diabetes (DM 2) are 90 % of them. Taking into account
the high prevalence, the annual growth of the incidence
and severe consequences of the disease the introduction
of a new domestic combined drug for the treatment of
DM 2 is of immediate interest.

The assessment of expediency and feasibility for crea-
ting drugs has shown that drugs for treating DM 2 have
a wide target segment of the market and the target con-
sumer. DM is the metabolic disorder of the multiple etio-
logy characterized by chronic hyperglycemia with the
impaired metabolism of carbohydrates, fats and proteins
as a result of abnormalities in insulin secretion or the
action of insulin [1-2]. The consequences of diabetes are
long-term dysfunctions and failure of various organs.
Since this disease is a multi-organ disease, i.e. involving
many organs and systems of the body in the pathologi-
cal process, and it is chronic, its therapy requires a com-
prehensive approach taking into account the main ele-
ments of the pathogenesis of the disease and minimizing
associated complications [3].

The incidence of DM 2 increases with age. Additio-
nal risk factors associated with age are the presence of
chronic pathological processes on the background of re-
duced compensation abilities of the body. All these facts
require special attention to possible manifestations of
adverse effects of drug therapy. One of the approaches
for solving such problems is the adequate complex thera-
py, which main criteria are:

¢ decrease of the drug load on the body (for example,

reducing the concentration of the AP in a dosage form);

* the use of possibilities of systemic effects of one

drug for simultaneous correction of the disturbed
functions of several organs or systems;

* the use of additional therapy to prevent potential

side and other negative effects.

Materials and Methods

The general scheme (algorithm) developed to create
a combined drug on the basis of the known API consists
of 5 stages: the assessment of expediency and feasibility
for creating drugs; development of the profile for the
future target product; development of the basic concept

of the drug; the proof of the drug concept; optimization
(correction) of the concept and the approval of the drug
model [4].

An important source of information to determine the
efficiency and safety of antihyperglycemic therapy is the
results of the meta-analysis of large samples of medical
information. Therefore, summarizing the results of com-
parative studies of hypoglycemic drugs, metformin is
currently the drug with the most proven efficiency and
safety for treating DM 2 [5-10].

Nowadays benfotiamine is considered to be the drug
of the first choice for preventing the progression of neuro-
pathy [11]. Numerous works of domestic and foreign
researchers confirm the effectiveness of using drugs of
benfotiamine for the treatment and prevention of dia-
betic polyneuropathy [12]. The experimental study by
H. Hammes et al. demonstrates that benfotiamine blocks
the basic mechanisms of the cellular pathology in hyper-
glycemia and prevents development of retinopathy [13].
When using benfotiamine it has been shown experimen-
tally that there is a decrease of the oxidative stress in
the cerebral cortex of the laboratory animals and the left
ventricular myocardium, and improvement of the myo-
cardial contractility [14].

Results and Discussion

Currently, there are several main categories of hy-
poglycemic drugs used for treating DM 2, they act on
the different stages of the biochemical processes in the
body and have different side effects (Tab. 1) [1, 15-17].

The optimal hypoglycemic drug must meet certain
requirements:

* the effectiveness in reducing glucose levels in the

blood;

¢ the minimal risk of hypoglycemia;

* the absence of cardiotoxicity, nephrotoxicity, hepato-

toxicity;

* the ease of use.

Since 2005 metformin is the first-line drug of pharma-
cological intervention in DM 2 in the recommendations
of the International Diabetes Federation (IDF), since
2006 it is the first-line drug together with non-pharma-
cological treatment of DM 2 within the framework of
the recommendations of the American and the European
Associations of diabetologists (ADA u EASD). Since
2007 metformin is the only drug in preventing develop-
ment of DM 2 in the ADA recommendations [3; 18].
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Table 1

Characteristics of the main categories of hypoglycemic drugs used for the treatment of DM 2

Thiazolidinediones

Rosiglitazone

The drug category Thsfr;‘aprlne The effect on the pathogenesis of DM Side effects and other disadvantages
Gliclazidum
Derivatives of Gllqu.ld.one stlmulatlon of the lr'ls.u!ln segrethn, The risk of hypoglycemia,
Glipizide |increase of the sensitivity of insulin ) !
sulfonyl-urea X o the weight gain
Glimepiride |receptors
Glibenclamide
Meglitinides Repagliln.lde Stimulation of the insulin secretion The r|sl§ of hypoglycem|a,
Nateglinide the weight gain
Inh't.)'t'or? of glucose productlop by Gastrointestinal side effects, lactic
. . . the liver, increase of the cell resistance S
Biguanides Metformin S . acidosis (in the presence
to insulin. Decrease of the metabolic .
of severe renal failure)
syndrome symptoms
Selective activation of PPAR-gamma
S receptors, transcription modulation of | Water retention, the weight gain. They
Pioglitazone

genes sensitive to insulin involved in
controlling the glucose level and lipid
metabolism

can not be used in patients
with heart failure

Gastrointestinal side effects. The need

Alpha-glucosidase Aca_\rlgose Compgtltlve inhibition of alpha . for repeated administration throughout
L Miglitol glucosidase. The slower absorption of . :
inhibitors . : the day, the low potential for reducing
Guarem certain carbohydrates in the GIT :
glycosylated hemoglobin
Incretins: . . .
; - . _ Increase of the glucose-dependent The increased risk of respiratory
dipeptidyl Vildagliptin |, . ) - . . . ) .
" Loa insulin secretion and decrease in the infections, high cost, insufficient
peptidase-IV Sitagliptin

glucagon secretion

experience of use

inhibitors (DPP-4)

Metformin has a distinct “window of absorption”,
moreover, the absorption of metformin in the small in-
testine is saturating. It means that with the concentration
increase of metformin in the intestinal lumen above a
certain threshold level there is the absorption saturation
[19]. Therefore, the absorption level of metformin from
the gastrointestinal tract depends on the evacuation rate
of metformin from the stomach. These features determine
the complexity of developing tablets of metformin with
sustained release that are suitable for taking once a day,
and are now popular in research. These peculiarities of
metformin pharmacokinetics suggest that a single ad-
ministration of large doses of the drug (once a day) will
be less effective than 2-3 times a day, but in the corres-
ponding smaller doses. At the same time, smaller doses
will help to reduce the side effects of the drug [19-20].

The effective daily dose of metformin is in the range
from 1200 mg to 2000 mg according to the dose-effect
curve [21]. The dose of metformin, in which gastroin-
testinal side effects are observed, is 400-500 mg. For
further studies the variant of 400 mg multiple dose of
metformin (1200 mg/day) was chosen. In our opinion,
it appears to be the most optimal from the point of view
of both effectiveness and reduction of side effects. A de-
crease in a single dose and, consequently, a single load
on the body reduces the probability of side effects of the
drug [19-20].

The possibility of developing the combination of an
additional API with metformin for the corrective action

on potential side effects of metformin and complications
of DM 2 were analyzed. The progression of diabetes leads
to development of late complications. In more than 50 %
of DM 2 patients macro- and microvascular disorders
are observed. Serious damages of nerve endings (neuro-
pathy), capillaries (angiopathy), retino- and nephropathy
are the main causes of disability and death in these pa-
tients [21-22].

Benfotiamine is an effective drug with a wide range
of the therapeutic action; it can prevent development of
diabetic polyneuropathy, retinopathy and nephropathy
at the early stages, as well as progression of the disease,
resulting in the possibility of using benfotiamine in the
combined antidiabetic drug.

Thus, a new antidiabetic combination based on met-
formin and benfotiamine was substantiated. The com-
position consists of metformin — 72 mg/kg corresponding
to the human daily dose of 1200 mg and benfotiamine —
3.6 mg/kg corresponding to the human daily dose of 60 mg.
The new composition will allow to reduce side effects
of metformin without changing its efficiency, as well as
decrease the risk and severity of long-lasting compli-
cations of the disease due to the additional corrective
treatment with benfotiamine.

In the course of further studies the pharmacological
activity of the new composition based on metformin and
benfotiamine was determined. The studies of the impact
of the new composition based on metformin and ben-
fotiamine on the main indicators of carbohydrate, lipid,
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Table 2
Dynamics of the body weight growth in rats with dexamethasone-induced diabetes (n = 8)
The body weight, g The dynamics of
No. Group The time of the experiment the body weight p
1 day 15 days change
1 |Intact control 182 +2.50 194 + 2.56 11.9+0.91 -
2 | Control pathology 184 +2.39 210+2.31 25.6+ 1.47 P, < 0.001
The composition of metformin (72
3 mg/kg) + benfotiamine (3.6 mg/kg) 182 +1.87 196 +1.83 144+1.13 p;, < 0.001
4 | Metformin (90 mg/kg) 183 +1.75 197 +2.50 13.7+1.57 P,,<0.001

and energy metabolism, as well as decrease the lipid per-
oxidation — antioxidant system (LPO-AO system) were
performed under conditions of the experimental DM 2.
According to the recommendations, insulin-independent
diabetes was modeled by a subcutaneous injection of glu-
cocorticoid dexamethasone in the dose of 0.125 mg/kg
in rats for 14 days with the simultaneous keeping of
animals on the high-calorie hydrocarbon diet [23].

In the study 4 groups of animals were used: intact
control; control pathology; animals received the com-
position of metformin in the dose of 72 mg/kg (corres-
ponding to the human average daily dose of 1200 mg)
and benfotiamine in the dose of 3.6 mg/kg (corresponding
to the human daily dose of 60 mg) on the background

Table 3

Indicators of the carbohydrate and lipid metabolism
in rats on the background of dexamethasone-induced
diabetes (n = 8)

of the experimental pathology; animals received the re-
ference drug metformin in the dose of 90 mg/kg (corre-
sponding to the human average daily dose of 1500 mg)
on the background of the experimental pathology (Tab. 2-5).

The studies have shown that the new composition
in the conditions of insulin-independent diabetes with a
high carbohydrate load shows a pronounced antidiabetic ac-
tivity. Decrease in the daily dose by 20 % (1200 mg/day
vs 1500 mg/day) did not lead to statistically significant
deviations in the effectiveness of the antidiabetic action.

By the effect on the main indicators of carbohydrate
(glucose, insulin) and lipid (free fatty acids, triacylglyce-
rols, cholesterol, high density lipoproteins) metabolism the
new composition is not inferior to the action of the refe-

Table 4

Indicators of the LPO-AO system metabolism in
rats on the background of dexamethasone-induced
diabetes (n = 8)

Free fatty acids (FFA), mmol/L (blood serum)
0.41:+0.04 | 0.81:+0.04* | 059+002%/** | 056 +0.03*/**

The The
composition composition
Intact Control of metformin | Metformin Intact Control of metformin Metformin
control pathology | (72 mg/kg) + | (90 mg/kg) control | pathology | (72mg/kg)+ | (90 mg/kg)
benfotiamine benfotiamine
(3.6 mg/kg) (3.6 mg/kg)
Glucose, mmol/L (blood serum) TBA-AP, mcmol/L (blood serum)
5.15+0.18 | 11.1 £0.32% | 5.65 +0.17** | 5.25+0.15%* 1844 0.07
Insulin, pg/ml (blood serum) 1.08 +0.05(2.91 +£0.10*% '*/**_/**'* 2.31 £0.04%/**
1299 £ 22.5 | 2074 +£29.8% | 1470 £ 41.6** | 1392 + 47.5** TBA-AP, mcmol/g (liver homogenate)

1353*3/39;24 165 + 5.12%/%*

80.7+0.90| 230 +£9.07*

Triacylglycerols (TAG), mmol/L (blood serum)
0.83+0.05 | 1.89+0.04* | 0.99 +0.06** | 0.89 + 0.04*
Cholesterol, mmol/L (blood serum)

217 +0.10 | 347 +0.11% | 2.36 +0.09%* | 2.22 +0.10%
High density lipoproteins (HDL), mmol/L (blood serum)
116 +0.05 | 0.88+0.03* | 110+ 0.04* | 1.13+0.04**

Notes: * — significant deviation of the indicator compared to the
intact control group, p < 0.01; ** — significant deviation of the
indicator compared to the control pathology group, p < 0.01.

G-SH, c.u. (liver homogenate)

57.7 £2.55%/%* | 52.1 £ 1.19%/**

66.5 = 1.38|30.4 £+ 1.64*

Catalase, pkat/g (liver homogenate)

0.37£0.01|0.20 £0.02* | 0.32 £ 0.01*/** [ 0.29 £ 0.01%*/**

Notes: * — significant deviation of the indicator compared to the
intact control group, p < 0.01; ** — significant deviation of the
indicator compared to the control pathology group, p < 0.01; *** —
significant deviation of the indicator compared to the group that
received metformin, p < 0.01.
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Table 5

Indicators of the energy metabolism in rats on the background of dexamethasone-induced
diabetes (n = 8)

The composition of
Intact control Control pathology metformin (72 mg/kg) + Metformin (90 mg/kg)
benfotiamine (3.6 mg/kqg)
ATP, mcmol/g (brain homogenate)
3.02+0.06 | 1.25 + 0.05* | 2.62 + 0.04% /%% /**% | 2.11 +0.05%/**
ADP, mcmol/g (brain homogenate)
0.273 + 0.005 | 0.333 + 0.007* | 0.274 +0.005%%/%+* | 0.304 + 0.005%/**
Citrate synthase, nmol/min,-mg of protein (brain homogenate)
4.79 +0.08 | 2.60 +0.07* | 4.29 + 0.08%/****x | 3.34 +0.15%/**
Succinate dehydrogenase nmol/min,-mg of protein (brain homogenate)
743+0.17 | 2.90 +0.10% | 6.80 + 0.13%/%%/*xx | 4.35 + 0.20%/**
Piruvate dehydrogenase nmol/min, mg of protein (brain homogenate)
29.6 +0.46 | 17.3 +0.47* | 27.9 + 0.57%¥/*x* | 21.1 + 0.41%/*

Notes: * - significant deviation of the indicator compared to the intact control group, p < 0.01; ** — significant deviation of the indicator
compared to the control pathology group, p < 0.01; *** — significant deviation of the indicator compared to the group that received
metformin, p < 0.01.

rence drug metformin in the dose of 90 mg/kg (correspon- The new composition with metformin (72 mg/kg
ding to the human average daily dose of 1500 mg), moreo-  corresponding to the human daily dose of 1200 mg) and
ver, the dose of the reference drug is 20% higher than the  benfotiamine (3.6 mg/kg corresponding to the human
dose of metformin included in the composition. daily dose of 60 mg) has been confirmed by the pharma-

CONCLUSIONS cological studies as a highly effective antidiabetic agent

The new composition with metformin and benfo- with a pronounced antioxidant effect and the ability
tiamine has a pronounced antioxidant action, restores to restore cellular energy deficiency. This composition
all parameters of the energy metabolism studied (ATP, has a significant advantage compared to the standard treat-
ADP, citrate synthase, succinate dehydrogenase, piru- ment regimens that include average therapeutic doses
vate dehydrogenase); moreover, it significantly exceeds  of metformin.

the efficiency of the reference drug metformin in the Conflicts of Interest: authors have no conflict of
dose of 90 mg/kg. interest to declare.
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