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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 
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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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 

crystals of the orthorhombic form with the different size 
from 29 μm to 238 μm. 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 µm and 339 µm. 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 

Fig. 1. Crystallography of the metformin powder. 
The scale size – 50 µm.

Fig. 2. Crystallography of the benfotiamine powder. 
The scale size – 50 µm.
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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 
No.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 cm3. Capsules No.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 

Table 1
The technological properties of the substances studied and their experimental mixture

The technological characteristics Metformin hydrochloride Benfotiamine The mixture of metformin 
and benfotiamine (20:1)

Fluidity, s/100 g infinite 2.57 infinite
Bulk volume V0, ml 102±0.2 104±0.2 112±0.2
Settled volume V10, ml 96±0.1 99±0.2 105±0.2
Settled volume V500, ml 62±0.1 89±0.1 65±0.1
Settled volume V1250, ml 62±0.2 85±0.2 65±0.2
Settling qualities V10 – V500, ml 34±0.5 10±0.5 40±0.5
Bulk density m/V0, g/ml 0.45±0.02 0.80±0.01 0.44±0.02
Tapped density m/V1250, g/ml 0.74±0.02 0.95±0.01 0.76±0.02

Notes: n = 5; Р = 95%.

Table 2 
The technological characteristics of the encapsulated mass

Name Bulk volume, 
ml

Bulk density,  
g/ml Fluidity,  s/100 g Angle of repose, 

degree
Capsule 

disintegration, min
The API mixture: 
Metformin 400 mg; 
Benfotiamine 20 mg; 
MCC; Magnesium stearate

115±0.02 0.49±0.01 13.95±0.01 20±5 2±0.5

The API mixture: 
Metformin 400 mg; 
Benfotiamine 20 mg; 
Lactose;  
Magnesium stearate

118±0.02 0.79±0.02 18.95±0.08 50±5 12±0.5

The API mixture: 
Metformin 400 mg; 
Benfotiamine 20 mg; PVP; 
Magnesium stearate

120±0.02 0.59±0.01 25.95±0.05 30±5 15±0.5
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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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ТЕХНОЛОГІЧНІ АСПЕКТИ ВИРОБНИЦТВА ТВЕРДОЇ ЛІКАРСЬКОЇ ФОРМИ НА ОСНОВІ 
МЕТФОРМІНУ ТА БЕНФОТІАМІНУ
К.Н.Тораєв, O.М.Безчаснюк, Т.В.Шитєєва 
Ключові слова: метформін; бенфотіамін; протидіабетичний препарат у капсулах
На теперішній час однією з серйозних проблем для системи охорони здоров’я більшості країн 
світу є оптимізація фармакотерапії цукрового діабету (ЦД), яка з категорії ендемічного за-
хворювання за останні десятиліття перетворилася на глобальну епідемію. В Україні немає 
препаратів, які б містили у своєму складі метформін та бенфотіамін, а їх комбінація не за-
реєстрована. Створення комбінованого лікарського засобу для лікування ЦД другого типу на 
основі метформіну та бенфотіаміну є перспективним і дозволить не тільки якісно контр-
олювати діабетичну гіперглікемію, але й запобігати розвитку діабетичної поліневропатії, 
а також дозволить знизити виникнення побічних явищ у комбінації за рахунок більш низького 
дозування. Були вивчені кристалографічні, фізико-хімічні та технологічні показники субстан-
цій метформіну гідрохлориду і бенфотіаміну, а також їх суміші. У результаті кристалогра-
фічних, фізико-хімічних і технологічних досліджень нами було розроблено склад оригінального 
комбінованого препарату у формі капсул на основі метформіну та бенфотіаміну, який містить 
метформіну 0,400 г, бенфотіаміну – 0,020 г, допоміжних речовин – 0,080 г. Розроблений 
склад капсул з метформіном та бенфотіаміном має якісні технологічні характеристики, які 
дозволяють вибрати пряме наповнення капсул.

ТЕХНОЛОГИЧЕСКИЕ АСПЕКТЫ ПОЛУЧЕНИЯ ТВЕРДОЙ ЛЕКАРСТВЕННОЙ ФОРМЫ 
НА ОСНОВЕ МЕТФОРМИНА И БЕНФОТИАМИНА
К.Н.Тораев, Е.М.Безчаснюк, Т.В.Шитеева 
Ключевые слова: метформин; бенфотиамин; противодиабетический препарат 
в капсулах
На сегодняшний день одной из серьезных проблем для системы здравоохранения большин-
ства стран мира является оптимизация фармакотерапии сахарного диабета (СД), кото-
рый из категории эндемического заболевания за последние десятилетия превратился в 
глобальную эпидемию. В Украине нет препаратов, которые бы содержали в своем составе 
метформин и бенфотиамин, и комбинация их не зарегистрирована. Создание комбинирован-
ного лекарственного средства для лечения СД 2 типа на основе метформина и бенфотиа-
мина является перспективным и позволяет не только качественно контролировать диабе-
тическую гипергликемию, но и предупреждать развитие диабетической полиневропатии, 
а также позволяет обеспечить снижение побочных действий препаратов в комбинации за 
счет их более низкой дозировки. Были изучены кристаллографические, физико-химические и 
технологические свойства субстанций метформина гидрохлорида и бенфотиамина, а так-
же их смеси. В результате кристаллографических, физико-химических и технологических 
исследований нами был разработан состав оригинального комбинированного препарата в 
форме капсул на основе метформина и бенфотиамина, содержащий метформина 0,400 г, 
бенфотиамина – 0,020 г, вспомогательных веществ – 0,080 г. Разработанный состав кап-
сул с метформином и бенфотиамином имеет хорошие технологические характеристики, 
которые позволяют выбрать прямое наполнение капсул. 


