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Today one of the major problems for the healthcare system of most countries in the world is to
optimize pharmacotherapy of diabetes mellitus (DM), which from the category of endemic diseases
has turned into a global epidemic in recent decades. In Ukraine there are no drugs that would contain
metformin and benfotiamine in their composition, and their combination has not been registered.
Creation of a combined drug for the treatment of diabetes mellitus type 2 based on metformin and
benfotiamine is promising and will allow not only to control diabetic hyperglycemia qualitatively, but
also to prevent development of diabetic polyneuropathy, as well as to reduce side effects of drugs
in the combination due to their lower dose. The crystallographic, physicochemical and technological
properties of the substances of metformin hydrochloride and benfotiamine, as well as their mixtures
have been studied. As a result of the crystallographic, physicochemical and technological studies the
composition of the original combined drug in the form of capsules based on metformin and benfotiamine
has been developed; it contains metformin — 0.400 g, benfotiamine — 0.020 g, excipients — 0.080 g.
The composition of the capsules with metformin and benfotiamine developed has good technological
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characteristics allowing to choose the direct filling of capsules.

Today one of the major problems for the healthcare
system of most countries in the world is to optimize phar-
macotherapy of diabetes mellitus (DM), which from the
category of endemic diseases has turned into a global
epidemic in recent decades. Morbidity of diabetes in the
world has rapidly increased over the past 50 years and
has acquired a threatening nature: currently, approxima-
tely 382 million people suffer from DM [2, 4], that is
8.3% of the adult population worldwide, moreover, more
than 90% patients are with diabetes type 2 [17].

The choice of the effective pharmacotherapy of dia-
betes mellitus requires consideration of the multiple or-
gan disease and involves the use of complex and patho-
genetically substantiated therapy, minimization of the
risk of hypoglycaemia, cardiovascular pathology, as well
development of polyneuropathy, angiopathy and other
complications.

Unlike other complications diabetic polyneuropathy
(DPN) is often accompanied by a marked pain syndrome,
and it leads to a significant deterioration in the quality
of life [3, 11].

Up to date metformin is the drug with the most pro-
ven efficiency and safety for treating DM type 2 [6, 9,
20, 21, 22]. The content of metformin in the unit of the
dosed drug, as a rule, is 500-1000 mg. There are pro-
posals to reduce the amount of metformin in the unit of
the dosed drug to 400 mg and 250 mg with a daily dose
of 1.0-1.5 g [7, 10, 23, 24, 25].

Benfotiamine is regarded as the drug of the first choice
for prevention of neuropathy progression at present from
the standpoint of efficiency and safety [5, 14, 15]. Ben-
fotiamine is an effective drug with a broad spectrum of

the therapeutic action that can prevent development of
diabetic polyneuropathy, retinopathy and nephropathy
in the earliest stages, as well as prevent progression of
the disease [1, 12, 19].

Currently, creation of new highly effective hypogly-
cemic combined drugs is becoming increasingly impor-
tant and is of practical significance.

In Ukraine there are no drugs that would contain met-
formin and benfotiamine in their composition, and their
combination has not been registered. Creation of a com-
bined drug for the treatment of DM type 2 based on met-
formin and benfotiamine is promising and will allow not
only to control diabetic hyperglycemia qualitatively, but
also to prevent development of diabetic polyneuropathy,
as well as to reduce side effects of drugs in the combi-
nation due to their lower dose.

According to the analysis of literary data and the
results of the pharmacological studies conducted the do-
ses of the active substances in the drug have been sub-
stantiated; they are 400 mg of metformin and 20 mg of
benfotiamine.

The aim of this work is to study the physicochemi-
cal and pharmacotechnological parameters of the active
substances in order to develop the optimal composition
and scientifically based formulation for a combined drug
in the form of capsules based on metformin and benfo-
tiamine.

Materials and Methods

The crystallographic, physicochemical and techno-
logical properties of the substances of metformin hydro-
chloride (“Aarti Drugs Ltd.” company, India) and benfo-
tiamine (“Yonezawa Hamari Chemicals Ltd.” company,
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Fig. 1. Crystallography of the metformin powder.
The scale size — 50 pm.

Japan), the experimental mixtures of these active subs-
tances, as well as the encapsulated masses for developing
the drug were studied.

The study of the crystallographic characteristics (sha-
pe, size of crystals, their surface topography) was car-
ried out by microscopy in accordance with the SPhU I
art. 2.9.37 using a microscope with a UNIKO photo-
adapter (USA) [6].

The physicochemical and technological properties
(bulk volume, bulk density, fluidity) of the substances of
the active ingredients and experimental mixtures were
determined by the standard pharmacopoeial methods [6, 14].

Results and Discussion

Hard gelatin capsules as a dosage form have become
increasingly popular with pharmaceutical manufacturers,
consumers of medicines and physicians, and it is due to
the high accuracy of drug dosing, high bioavailability,
guaranteed stability. Medicinal substances are encapsu-
lated in hard capsules in an unchanged form, without
being exposed to heat, wet granulation, and pressure. In
addition, production of drugs in the form of capsules is
more cost-effective as it requires fewer process stages
and equipment, energy and labour costs than, for example,
in manufacture of tablets.

The possibility of using powders in production is
determined by their technological properties, which, to
a large extent, depend on their dispersion and the shape
of crystals of the substances [8, 16, 18]. Therefore, first
of all, the crystallographic parameters of the substances
of metformin and benfotiamine were studied.

The shape and size of powder particles for solids de-
pend on the structure of the crystalline lattices and the
conditions of the particle growth in the process of crys-
tallization. The presence of substances with the same
particle size is the most optimal for obtaining a homo-
geneous encapsulated mass [14].

Fig. 1 and 2 show crystallographic characteristics of
the powders of the active substances under study. The
powder of metformin (Fig. 1) is polydisperse, and it is

Fig. 2. Crystallography of the benfotiamine powder.
The scale size — 50 pm.

crystals of the orthorhombic form with the different size
from 29 pm to 238 um. Metformin is readily soluble in
water and ethanol. It is practically insoluble in acetone
and methylene chloride.

The substance of benfotiamine (Fig. 2) is also a poly-
disperse powder, and it is particles of a crystal-like shape
with the different size from 95 um and 339 pm. There is
a tendency to form aggregate complexes. Benfotiamine
is slightly soluble in water and methanol and practically
insoluble in alcohol and chloroform. It is soluble in so-
dium hydroxide and sodium hydrocarbonate.

The substances studied have different particle shapes
and are characterized by heterogeneity of their size; it is
due to reduction of the contact surface between the par-
ticles and leads to lower fluidity of the powders. This was
confirmed in our further experiments.

The technological characteristics (bulk volume, bulk
density, fluidity) of metformin and benfotiamine, as well
as their mixtures were studied.

The results of studying the technological characte-
ristics of the substances of metformin and benfotiamine
and the experimental mixture of their therapeutic doses
are presented in Tab. 1.

The data obtained show that the active substances
by their technological parameters have different values:
benfotiamine has a good fluidity, and its bulk density is
almost twice more than that of metformin. It was also
found that metformin and the mixture of the substances
of metformin and benfotiamine under research have no
fluidity.

The encapsulated dosage form does not require the
mandatory introduction of excipients if medicines have
satisfactory technological characteristics. They can be
used directly to fill gelatin capsules, and it greatly sim-
plifies the manufacturing process. In addition, the fact
that the encapsulation systems work on the principle of
the complete filling of the capsule volume is also consi-
dered. If this condition is not met, it is necessary to intro-
duce excipients that would improve the technological
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Table 1

The technological properties of the substances studied and their experimental mixture

The technological characteristics | Metformin hydrochloride Benfotiamine The m|xture.of metforr.mn
and benfotiamine (20:1)
Fluidity, s/100 g infinite 2.57 infinite
Bulk volume V,, ml 102+0.2 104+0.2 112+0.2
Settled volume V,,, ml 96+0.1 99+0.2 105+0.2
Settled volume V., ml 62+0.1 89+0.1 65+0.1
Settled volume V ,.,, ml 62+0.2 85+0.2 65+0.2
Settling qualities V., — Vi, ml 34+£0.5 10+0.5 40£0.5
Bulk density m/V,, g/ml 0.45+0.02 0.80+0.01 0.44+0.02
Tapped density m/V,,.,, g/ml 0.74+0.02 0.95+0.01 0.76+0.02
Notes: n = 5; P = 95%.
Table 2
The technological characteristics of the encapsulated mass
Name Bulk volume, Bulk density, Fluidity, s/100 Angle of repose, N Capsgle .
ml g/ml degree disintegration, min
The API mixture:
g”ee:;g:g‘;‘i:gg (’)“r?{'g; 115+0.02 0.49+0.01 13.95+0.01 2045 2+0.5
MCC; Magnesium stearate
The API mixture:
Metformin 400 mg;
Benfotiamine 20 mg; 118+0.02 0.79+0.02 18.95+0.08 50+5 12+0.5
Lactose;
Magnesium stearate
The API mixture:
'I;Aeerf]fgtrg‘:;‘i:ggg‘gg; pup; | 120£0.02 0.59+0.01 25.95+0.05 3045 15+0.5
Magnesium stearate

properties of drugs. Therefore, fillers should be introdu-
ced in order to fill the entire volume of the capsule [18].

Microcrystalline cellulose (MCC), lactose, polyvi-
nyl pyrrolidone (PVP) were studied as fillers in order to
regulate the technological parameters of the encapsula-
ted mass. To improve the flow properties of the encap-
sulated mass we used magnesium stearate.

The excipients studied are included in the list of subs-
tances approved for use in the pharmaceutical industry
and described in the European Pharmacopoeia, SPhU,
USP, as well as in “The list of names of excipients in-
cluded in medicinal products” approved by the Order
No0.339 of the Ministry of Health of Ukraine dated
19.06.2007 [13].

Based on the therapeutic dose of metformin (400 mg)
and benfotiamine (20 mg) determined by the pharma-
cological studies and taking into account the technolo-
gical aspects for manufacturing capsules the optimal size
of capsules was chosen [17].

Calculated on the basis of the bulk density of the
substances the volume of the mixture of the active subs-
tances in the amount of 420 mg of the drug API was
0.94 cm?. Capsules No0.5-No.0 cannot be used for fil-
ling since they do not contain the therapeutic dose of the

active substances. Capsules No.00 correspond to fill such
amount of the mass for encapsulation.

Therefore, as a result of the research conducted it has
been confirmed that capsules of size No.00 with the
average weight of 0.500 g are the most rational dosage
form for use from the technological point of view; it is
due to the different size and shape of particles of the
substances studied and the low fluidity.

To provide the complete filling of the volume of the
capsule No.00 and to increase fluidity of the glidant there
was a need for introducing a filler in the composition of
the encapsulated mass. In the composition of the encap-
sulated mass the mixture of the active substances is 84%.
It is allowed to add up to 1% of the glidant, and there-
fore, the amount of the filler should be 12-15%.

To develop the drug composition and study the ef-
fect of excipients on the technological properties of the
encapsulated mass the masses for encapsulation with the
excipients selected were prepared. The results of deter-
mining the technological characteristics of the encapsu-
lated masses with different excipients are presented in
Tab. 2.

The results of the studies have shown that the flui-
dity of the composition is most significantly affected by
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the presence of microcrystalline cellulose and magnesium
stearate. In addition, close values of the bulk volume and
bulk density of this mixture predict that it will not be thicke-
ned and compressed during storage and transportation.

Therefore, as a result of the crystallographic, physico-
chemical and technological studies the composition of
the original combined drug in the form of capsules ba-
sed on metformin and benfotiamine has been develo-
ped; it contains metformin — 0.400 g, benfotiamine —
0.020 g, excipients — 0.080 g. It is in hard shell gelatin
capsules No. 00. The average weight of the contents of
one filled capsule is 0.500 g.

The composition of the capsules with metformin and
benfotiamine developed has good technological charac-
teristics allowing to choose the direct filling of capsules.

When developing the technology the crystalline state of
the powders, loss on sifting and the quantitative ratio of
the ingredients were considered.

CONCLUSIONS

1. The crystallographic properties of the substances
of metformin and benfotiamine have been studied.

2. The technological characteristics of the substances
of metformin and benfotiamine, the mixtures of their
therapeutic doses and masses for encapsulation (bulk vo-
lume, bulk density, fluidity, etc.) have been studied.

3. The optimal composition of the original combi-
ned drug in the form of capsules based on metformin
and benfotiamine has been determined. It has been found
that the use of microcrystalline cellulose as a filler is the
most reasonable.
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TEXHOJNOIYHI ACNEKTU BUPOBHULITBA TBEPAOI JIKAPCbKOI ®OPMU HA OCHOBI
MET®OPMIHY TA BEH®OTIAMIHY

K.H.Topaee, O.M.be3uyacHrok, T.B.lLlumeeea

Knrovoei crnoea: memabopmiH, 6eHgbomiamiH; npomudiabemuyHuli npenapam y Karicynax

Ha menepiwHit yac o0Hiero 3 ceplio3HUX rpobriem Orisi cucmeMu OXOPOHU 300p08’s1 binbuwiocmi KpaiH
ceimy € onmumisauis hapmakomeparnii Uykposoeao diabemy (LIL]), sika 3 kamezopii eHOeMiyHO20 3a-
X80PHOBaHHSI 3@ OCmaHHIi decamunimmsi nepemaeopurnacs Ha arobanbHy enidemito. B YkpaiHi Hemae
npernapamis, ski 6 Mmicmursnu y ceoemy cknadi memgbopmiH ma 6eHgpomiamiH, a ix kombiHauyisi He 3a-
peecmposaHa. CmeopeHHs KOMBiHO8aHO20 rlikapcbKo2o 3acoby Orid nikysaHHs L[] dpyeo2o murny Ha
ocHosi MemgopmiHy ma 6eHghomiaMiHy € nepcrnekmusHUM i A0380/1UMb HE MIfbKU SIKICHO KOHMp-
omosamu diabemudyHy zineparikemito, ane U 3arnobieamu po3sumky OiabemuyHoi noniHesponamii,
a makox 00380/1UMb 3HU3UMU 8UHUKHEHHS MOBIYHUX s8ull, y KOMOIHaUii 3a paxyHOK birbUW HU3bKO20
0o3ysaHHs. byrnu sugyeHi KpucmasiozpagiyHi, i3UKO-XIMIYHI ma MexXHO02iyHi MoKasHUKU cybcmaH-
uit memapopmiry 2idpoxnopudy i 6eHgomiaMiHy, a makox ix cymiwi. Y pesynbmami Kpucmarnoepa-
idHUX, hi3UKO-XIMIYHUX | MEeXHOMo2idHuUx AocrioxeHb Hamu 6yro po3pobrieHo cknad opueiHaribHO20
KombiHo8aH020 ripernapamy y ¢bopMi Karicysl Ha OCHO8i MemagbopMiHy ma beHgbomiamiHy, SKul Micmumab
memepopmiHy 0,400 e, 6eHgpomiamiHy — 0,020 e, dornomixkHux pe4osuH — 0,080 e. PospobneHul
cknad Karcyrn 3 MemgopmiHoM ma 6eHgbomiaMiHOM Mae SIKICHI MEeXHOI02i4HI XapaKkmepucmuku, sKi
do3zsorsarome gaubpamu npsiMe Harno8HEeHHS Karicy/l.

TEXHONOIMMYECKUE ACNEKTbI NONYYEHUA TBEPAOW NEKAPCTBEHHON ®OPMbI

HA OCHOBE MET®OPMWUHA N BEH®OTUAMUHA

K.H.Topaee, E.M.Be34yacHiok, T.B.LLlumeeega

Knroueesie croga: memgbopmuH, beHgpomuaMuH; npomugoduabemuyeckul npenapam

8 Karicynax

Ha cea2odHswHuUl 0eHb 00HOU U3 Cepbe3HbIX NMpobriem 0rs cucmeMbl 30pasooxpaHeHusi 60oMbUWUH-
cmea cmpaH Mupa siersiemcesi onmumu3sayusi hapmakomepanuu caxapHoao duabema (C/]), komo-
pbIl U3 Kameeopuu IHOeMu4yeckoeo 3aboresaHus 3a rnocredHue decsmunemus npespamurics 8
enobarnbHyro anudemuro. B YkpauHe Hem nipernapamos, komopbie bbi codepxxanu 8 ceoem cocmase
memaebopmMmuH U beHbomuamuH, u KoMbuHayus ux He 3apeaucmpuposaHa. Co3daHue KOMOUHUPOBaH-
HO20 nekapcmeeHHo20 cpedcmea 0ris nevyeHus G 2 muna Ha ocHoge MemagopmMmuHa u beHghomua-
MUHa si8/17emcsi NePCrneKmuUeHbIM U [10380715€M HE MOJIbKO Ka4eCme8eHHO KOHmMposuposame duabe-
MUuYeCKyr aunepariukemuro, Ho U npedynpexodams pazsumue Ouabemuyeckol nosiuHesponamudu,
a makxxe rnoaeosisiem obecriedums CHUXeHue noboYyHbIx delicmeuli npenapamos 8 KoMbuHayuu 3a
cyem ux 6ornee HU3KoU 003Upos8KU. bbinu usyvyeHb! Kpucmarnogpaguyeckue, hU3UKO-XuMuYeckue u
mexHoroau4yeckue cgoticmea cybcmaHyul memgopmuHa eudpoxropuda u beHghomuamuHa, a mak-
)Xe ux cMmecu. B pesynbmame kKpucmarsnoepaguyecKkux, huduKO-XUMUYECKUX U MEXHOI02UYECKUX
uccnedosaHuli Hamu bbin1 paspabomaH cocmas opuauHabHO020 KOMOUHUPOBaHHO20 rpernapama 8
¢opme Karicyn Ha ocHoge MemgopMuHa u beHghomuamuHa, codepxxawuti memapopmuHa 0,400 e,
beHgpomuamuHa — 0,020 e, ecriomocamernbHbix seuwecmes — 0,080 e. PaspabomaHHbili cocmas Kari-
cyn ¢ memgbopmuHOM U beHghomuaMUHOM UMEEM XOpPOoWwUe MexHOI02UYeCcKUe XapakmepucmuKu,
Komopble r10380/1510m 8bibpame MpsiMoe HarosIHeHUe Karicysl.



