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The studies in selecting the optimal technology for obtaining a combined dosage form — tablets based
on B vitamins, namely selection of the rational tableting method and the method of introduction of
the active substances and excipients into the tableting blend, as well as the optimal drying mode
for the pyridoxine hydrochloride granulate, have been performed. For this purpose the properties of
active pharmaceutical ingredients, which precondition the technological characteristics of individual
powders affecting the functional characteristics of the drug, have been studied. The studies of the
technological properties of the active substances of the combined tablets such as flowability, slope
angle, tapped density, and compressibility have been conducted. The benfotiamine substance has
a good flowability, which indicates the possibility of applying the method of the direct compression.
The pyridoxine hydrochloride powder has a poor flowability as indicated by the results of studies of
flowability, slope angle, compressibility and density. Such different structure of powders of the active
ingredients indicates additional difficulties in choosing the optimal technology of introduction of the
active ingredients into the formulation. Three batches of the tableting blend with different methods of
introduction of the active ingredients and excipients have been tested. It has been determined that
when wetting the tableting blend containing benfotiamine and pyridoxine hydrochloride the increase
of the quantitative content of thiamine o-monophosphate impurity is observed. Therefore, removal
of benfotiamine from the mixture at the lubrication stage or the use of the technology of obtaining
two individual granulates with the active substances eliminated the issue of formation and increase
of thiamine o-monophosphate impurity. The optimal mode of drying of the pyridoxine hydrochloride
granulate has been chosen; it is 55-65°C for 60-70 min, and it allows to obtain the pyridoxine
hydrochloride granulate with the optimal moisture content (not more than 5.0%).

Vitamins of B group: B,, B, and B,, are crucial for
functioning of the nervous system; their sufficient con-
centrations in the body are required for maintenance of
its normal function. It has been found that in various
diseases of the nervous system the exogenous intake of
these vitamins has a pronounced pharmacological ef-
fect favouring the regeneration of the nervous tissue,
improvement of its blood supply and optimizing its in-
tracellular metabolism [2, 6, 7, 9, 11].

Combined drugs containing B vitamins (especially
B,, B; and B,,) have long been used in the treatment
of various disorders of the nervous system, including
neuropathies of the various origin. The clinical experi-
ence accumulated shows the effectiveness of aqueous
solutions of B vitamins (thiamine, pyridoxine and co-
balamin) in the formulation of injections, but the bio-
availability of traditional medicines of thiamine in oral
administration remains low [2, 6, 7].

The known drug Milgamma® (Worwag Pharma,
Germany) is film-coated tablets containing two active in-
gredients — benfotiamine and pyridoxine. Benfotiamine
is a fat-soluble derivative of thiamine. When taken orally
benfotiamine (unlike water-soluble form of vitamin B))
has almost 100% bioavailability due to the ability of the
substance to penetrate passively the lipophilic cell membrane.
Due to its specific properties benfotiamine is retained in
the tissues (especially in the nervous tissue) for a longer
period providing the prolonged therapeutic effect. Pyri-
doxine is also involved in the protein metabolism and
partly in the fat metabolism. Both vitamins potentiate
the action of each other [1, 8, 9, 10, 12, 13].

In terms of the abovementioned facts the issue of de-
veloping of a combined domestic drug in the form of tab-
lets based on a fat-soluble benfotiamine and pyridoxine
hydrochloride for treatment of diseases of the nervous
system of various the origin is of vital importance.
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Fig. 2. The shape of pyridoxine hydrochloride particles.

Materials and Methods

In the study the benfotiamine substance manufac-
tured by Yonezawa Hamari Chemicals Ltd., Japan and
pyridoxine hydrochloride manufactured by DSM Nu-
tritional Products GmbH, Germany were used.

Physicochemical and technological properties of ac-
tive ingredients such as morphological properties, par-
ticle size distribution, flowability, slope angle, tapped
density, and compressibility were studied. The study of
the size and shape of the crystals for all active ingre-
dients was performed by the microscopy method ac-
cording to the State Pharmacopeia of Ukraine (SPhU)
with a Motic microscope by “Fisher Bioblock Scien-
tific” company. In order to estimate the particle size
distribution the screen analysis was used according to
the requirements of the SPhU using a Retsch AS 200
screen analysis instrument by “Fisher Bioblock Scienti-
fic”. Determination of flowability and the natural slope
angle of powder was performed using an ERWEKA in-
strument type GT/GTB with a vibrating funnel in ac-

cordance with methods described in the SPhU [3]. Quali-
tative and quantitative testing of the drug samples was
conducted in the course of the study. The moisture con-
tent, impurities, and the quantitative content of the ac-
tive ingredients were studied as indicators characteriz-
ing the quality of the product [3].

Results and Discussion

At the first stage of the experimental studies taking
into account the large number of suppliers of drug sub-
stances, which in some cases differ by their crystallo-
graphic, physicochemical and technological parameters,
first of all, it would be appropriate to study these pro-
perties and use them to substantiate the composition and
development of the technology for tablet production.

The technological parameters of powders are mainly
preconditioned by their dispersion and shape of crys-
tals, therefore, the size and shape of the crystals of ben-
fotiamine and pyridoxine hydrochloride were assessed
[3, 5]. Based on the results of crystallographic studies
(Fig. 1, 2) it has been found that the substance of benfo-
tiamine under study is a coarse crystalline powder with a
volumetric structure. Pyridoxine hydrochloride is a pow-
der with the crystalline structure and its particles are
transparent plates.

The study of the particle size distribution of the active
substances has shown that the benfotiamine substance
consists of large crystals (90-355 um), and it is about
90% of the total number indicating a good flowability of
the powder. The pyridoxine hydrochloride powder, on
the contrary, is composed mainly of the microcrystal-
line fraction (10-40 um). Such particle size distribution
of pyridoxine hydrochloride confirms a low flowability
of the powder and may complicate the tableting pro-
cess. The technological properties of the drug substan-
ces determine the rational tableting technology. Of all the
technological parameters such parameters as flowability,
tapped density, and compressibility of the substance are
the most likely to affect the process of formulation [3,
4, 5]. The study of these technological parameters was
performed using the methods given in the SPhU [3]. The
results of the study of the technological properties of the
drug substances of the active ingredients of the combined
dosage form of tablets are shown in Table 1.

Analysing the results obtained we can conclude
that the benfotiamine substance has a good flowability;
it indicates the possibility of using the direct compres-
sion method for tableting. The pyridoxine powder has
a poor flowability as evidenced by the results of the
flowability test, natural slope angle, tapped density and

Table 1

The results of the study of technological properties of benfotiamine and pyridoxine hydrochloride substances

Parameters, Acceptance Name of the active pharmaceutical ingredient (API)
unit of Measurement criterion Benfotiamine Pyridoxine hydrochloride
Flowability, g/sec 3.0-10.0 9.44 0.96
Slope angle, deg. 25-35 35.9 454
Tapped density, g/ml 0.5-0.6 0.698 0.586
Compressibility, g/ml 0.55-0.65 0.54 0.31
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Table 2
Quality parameters of the tableting blend with different methods of introduction
of the active substances and excipients into the tableting blend
Name of the parameter, Acceptance The results obtained
unit of measurement criterion Batch 1 Batch 2 Batch 3
Flowability, g/sec 3.0-10.0 10.0 10.0 10.0
Tapped density, g/ml 0.5-0.6 0.575 0.605 0.605
Compressibility, g/ml 0.55-0.65 0.52 0.55 0.55
Moisture content, % 4.0-5.0 4.3 4.1 4.0
Related substances:
Benfotiamine:
Thiamine hydrochloride,% NMT 0.5 0.2 0.2 0.2
Thiamine o-monophosphate, % NMT 0.5 0.7 0.3 0.3
Benzoic acid, % NMT 0.5 0.1 0.1 0.1
Unspecified impurity, % NMT 1.0 0.7 0.4 0.5
Total unspecified impurities, % NMT 1.0 0.7 0.4 0.5
Sum of impurities, % NMT 2.5 1.17 1.04 1.50
Pyridoxine hydrochloride:
Pyridoxal hydrochloride, % NMT 0.5 0.2 0.3 0.2
Unspecified impurity, % NMT 1.0 0.3 0.2 0.4
Total unspecified impurities, % NMT 1.0 0.3 0.4 0.4
Sum of impurities, % NMT 1.5 0.8 0.9 1.0
Assay, mg/tab.:
Benfotiamine 95.0-105.0 99.0 101.0 100.0
Pyridoxine hydrochloride 95.0-105.0 99.7 102.0 101.0

compressibility. Such different structure of powders of
the active ingredients indicates additional difficulties
in choosing the optimal technology for introduction of
the active ingredients into the formulation. In addition,
when choosing the technology it should be considered
that the dosage form selected is film-coated tablets, and
such factors as flowability and compressibility of the
tableting blend are the critical parameters in production
of high-quality tablet cores. The physicochemical and
technological characteristics of the active substances
obtained indicate that both the granulation method
(pyridoxine hydrochloride) and the direct compression
method (benfotiamine) should be employed in order to
produce tablets of the appropriate quality.

At the stage of development of the drug production
technology the selection of the mode of introduction of
the active substances and excipients into the tableting blend
was performed. Model mixtures of the tableting blend
with different methods of introduction of the active sub-
stances and excipients into the tableting blend were pre-
pared and tested: Method 1 (Batch 1) — introduction of
the ingredients into the tableting blend prior to wetting;
Method 2 (Batch 2) — introduction of pyridoxine hyd-
rochloride into the tableting blend prior to wetting, in-
troduction of benfotiamine at the stage of lubrication of
the tableting blend; Method 3 (Batch 3) — benfotiamine
and pyridoxine hydrochloride were granulated separate-
ly and then mixed. The results of the study are presen-
ted in Table 2.

The method of introduction of the basic active in-
gredients into the tableting blend did not have a nega-

tive effect on the technological characteristics and the
quantitative content of the active substances, but when
wetting the tableting blend containing benfotiamine and
pyridoxine hydrochloride (Batch 1) the increase in the
quantitative content of thiamine o-monophosphate im-
purity was observed. This negative factor indicates that
the interaction of benfotiamine with aqueous solution
of K 29/32 povidone in the presence of pyridoxine hy-
drochloride is accompanied with the partial transfor-
mation of benfotiamine into thiamine, and it promotes
the increase of thiamine o-monophosphate impurity.
Therefore, removal of benfotiamine from the mixture
at the lubrication stage or the use of the technology of
obtaining two individual granulates with the active sub-
stances eliminated the issue of formation and increase
of thiamine o-monophosphate impurity. Considering
that the method of benfotiamine introduction is more
efficient during lubrication stage (significantly reduces
the manufacturing process and is more cost-effective),
it was decided to focus on the latter method of the sub-
stance introduction.

The studies on choosing the optimal drying tempe-
rature of pyridoxine hydrochloride granules obtained by
wet granulation were also conducted. When selecting
the optimal drying mode for the granulate the follow-
ing factors were considered: the drying method should
ensure the achievement of a certain level of moisture in
the tableting blend without destruction of components
and changes in physicochemical properties of the active in-
gredients. The optimal drying temperature for granules
was determined by physicochemical parameters (mois-
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Table 3
Selection of the drying mode for the pyridoxine hydrochloride granulate
Quality indicators for pyridoxine hydrochloride granulate
Related substances** Assay, mg/tab.
Batch number and the drying | Mositure . Pyridoxine
mode content, % N pyridoxine Benfotiamine, hydrochloride,
B benfotiamine : mg/tab
(4.0-5.0) hydrochloride mg/tab.
(95.0'1 05.0) (95.0_1 05.0)
Batch 3 (30-40°C - 60-70 min) 7.0 complies complies 101.0 100.0
Batch 4 (55-65°C — 60-70 min) 4.0 complies complies 99.8 99.9
Batch 5 (70-80°C - 60- 70 min) 4.0 does not comply | does not comply 99.8 99.9

** Related substances: benfotiamine: thiamine hydrochloride — not more than 0.5; thiamine o-monophosphate — not more than 0.5%;

benzoic acid - not more than 0.5%; unspecified impurity - not more than 1%; the sum of unspecified impurities — not more than 1%;
the sum of all impurities — not more than 2.5%); pyridoxine hydrochloride: pyridoxal hydrochloride — not more than 0.5%; unspecified
impurity — not more than 1%; the sum of unspecified impurities — not more than 1%; the sum of all impurities — not more than 1.5%.

ture in the tablet mass, impurities, potency, flowability).
Data on selection of the drying mode for the pyridoxine
hydrochloride granule are presented in Table 3.

Based on the results of the tests performed the op-
timal drying mode was chosen for the granulate. Ap-
plication of the granulate drying mode in the range of
(55-65)°C for 60-70 min (Batch 4) allows to obtain the
pyridoxine hydrochloride granulate with the optimal
moisture content of not more than 5.0%. Drying of the
granulate at lower temperatures (30-40)°C (Batch 3) re-
sults in the high moisture content in the granulate. Drying
of the granulate at higher temperatures of (70-80)°C
(Batch 5) leads to destructive changes in the active sub-
stances and appearance of impurities.

CONCLUSIONS

1. At the stage of the pharmaceutical development
the comprehensive study on choosing the optimal pro-

duction technology for combined tablets based on B vi-
tamins has been conducted.

2. The physicochemical and pharmacotechnological
properties of the active substances of benfotiamine and
pyridoxine hydrochloride have been studied; it allows
to choose the best method of the tablet formulation: the
granulation method — for pyridoxine hydrochloride and
the direct compression method — for benfotiamine.

3. Based on the results of the experimental studies
the rational method of introduction of the active in-
gredients into a tableting blend has been proposed: for
pyridoxine hydrochloride — prior to wetting, for benfo-
tiamine — at the stage of the tableting blend lubrication.

4. Selection of the optimal temperature for drying
of pyridoxine hydrochloride granules obtained by wet
granulation has been confirmed by controlled quality
indicators.
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DESAKI ACMEKTU PO3POBKWU TEXHONOI T OTPUMAHHA KOMBIHOBAHUX TABJIETOK HA
OCHOBI BITAMIHIB 'PYINn B

T.M.>Kudkoea, T.B.Kpymcbkux

Knroyoei crioea: mexHoroaisi; gimamiHu epynu B; nnuHHicmb, Kym yKoCy; HacurHa 2ycmuHa;
yuwiinbHeHicmb; 6eHgbomiamiH; ripuGOKCUHY 2i0poxsiopud

[MposedeHo docidxeHHsT 3 8UBOPY onMuUMasbHOI MexXHO02ii ompuMaHHs KOMBIHO8aHOI liKapCbKoI
¢opmu mabrnemok Ha OCHO8i 8imamiHig epynu B, a came, subip pauyioHasbHo20 crocoby mabirie-
myeaHHsA ma criocoby esedeHHs Oitodux ma OOMOMIKHUX Peyo8uUH y mabriemkosy mMacy, a makox
onmuMarbHO20 PexXumMy eUuCyuwly8aHHsI epaHyrnsamy nipudokcuHy 2idpoxnopudy. 3 yieto Memoro eu-
84YeHi grracmugocmi akmueHUX ghapMauyesmuyHuX iHepedieHmis, SKi 00yMO8/II0Mb MEXHOMO2IYHI
Xapakmepucmuku iHOugidyarnbHUX MOPOWKiI8, WO 8rsiueaome Ha (byHKUIOHalbHI XxapakmepucmuKku
nikapcekozo npenapamy. [posedeHi ocnidKeHH mexHomo2ivHux enacmusocmel Qiro4ux peHo8uUH
KoMbiHogaHUX mabremok: niIuHHOCMI, Kyma yKoCy, HacurHoi winbHocmi, npecyemocmi. Cyb6cmaruis
beHgomiamiHy Mmae 00bpy NAUHHICMb, U0 8Ka3ye Ha MOXIIUBICMb 3aCmoCy8aHHsI Memody rMpsiMo20
npecysaHHs1. [Mopow ok nipudoKCcuHy 2idpoxrnopudy mae rnozaHy MiauHHICMb, PO Wo ceidd4ams pe-
3ynbmamu O0CITIOXeHHS MIIUHHOCMI, Kyma rnpupoOHO20 YKOCY, WirlbHOCMI i MpecysaHHs. Taka pi3Ha
cmpykmypa rnopouwikie OiroHuUx pe4o8uH ekadye Ha 0odamkosi ckrradHocmi npu 8ubopi ornmumarsribHo-
20 crocoby ssedeHHs OitoHuUX PEHOBUH y nikapcbKy ¢hopmy. [ocnidxeHo 3 cepii mabrnemkogoi macu
3 pidHUMU criocobamu eeedeHHs1 Ao Hei ditodux ma OOMOMIXKHUX peYO8UH. BcmaHoeneHo, wo npu
380/10XkKeHHI mabnemkoegoi Macu, 0o ckrady sikoi exoluriu 6eHgbomiamiH i NipUGOKCUHY 2idpoxopud,
criocmepieanock 36irbUWEHHSs KirbKiCHO20 emicmy OOMiluKU miaMiHy o-MOHoghocghamy. Tomy euee-
OeHHs1 beHgbomiamiHy i3 cymiwi Ha cmadii orydptogaHHs abo 3acmocys8aHHsI MexXHO0z2il ompuMaHHS
080X OKpeMUX epaHyrnsimie Oito4UX PeqyoBUH 3HSIIO NMUMAaHHS Mosi8U | 3pOCMaHHs1 8eru4UHU OOMilU-
Ku miamiHy o-MoHogbocghamy. BusHa4yeHO ornmumasibHUl Pexxum 8UCYUy8aHHST 2paHynsimy ripuGOKCUHY
2idpoxnopudy — 55-65°C npomsicom 60-70 xeusuH, wo 00380715 ompumMamu 2paHyrnsim rnipudoOKCUHY
2idpoxnopudy 3 3a008inbHoro nnuHHicmo (10 e/c) ma onmumarbHor gorozicmio (He binbwe 5,0%).

HEKOTOPbIE ACIMNEKTbI PASPABOTKU TEXHOJTOIMX NONYYEHUA KOMBUHUPOBAHHbIX
TABJIETOK HA OCHOBE BUTAMWHOB IPYIMNbIl B

T.M.>Kudkoea, T.B.Kpymckux

Knrodeenle criosa: mexHoOo2us; sumaMuHbl epyribl B; cbinyyecms; y2on omkoca; HacbinHasi
MI0MHOCMb, rpeccyemocms,; 6eHgbomuamuH; nupudOKCUHa audpoxiopud

[NposedeHbi uccriedosaHusi 1o 8bI6OPY ONMUMaTbHOU MEXHOI02UU MOTyYeHUS KOMOUHUPOB8aHHOU
JniekapcmeeHHoU ¢hopmbl mabriemok Ha OCHO8e sumaMuHo8 epynnbl B, a umeHHO, 8bibop payuo-
HarnbHo20 criocoba mabnemuposaHusi U criocoba eeedeHusi Oelicmayrouiux U 8CrioMo2ameribHbIX 8e-
wecms 8 mabriemoYHyto Maccy, a makxe ofnmumMarnbHO20 Pexuma CyWwKU epaHysama nupudoKcuHa
eudpoxnopuda. C amou yenbko u3y4yeHbl ceolicmea akmueHbIX chapMayesmuyecKux UH2peodueHmos,
Komopbie 06yCcrioenuearom mexHomno2u4yeckue xapakmepucmuku UHOUBUAyarbHbIX MOPOWKO8, &/lusl-
roujue Ha (byHKUUOHasIbHbIE XapakmepucmuKu SIeKapCmeeHHo20 npenapama. bbinu npoeedexbi uc-
cre@ogaHUsi mexHosI02u4ecKux ceolicmea Oelicmeyrouux eeuecms KOMOUHUPO8aHHbIX mabriemox:
Chbirlydecmu, yerna omkoca, HachinHou rnrnomHdocmu, npeccyemocmu. Cyb6cmaHyusi beHgpomuamuHa
umMeem XOopowyro Chifly4ecmb, YmMo yKa3dbleaem Ha 803MOXHOCMb MPUMEHEHUs1 Memoda rpsiMo20
npeccosaHrus. lNopowok nupudokcuHa eudpoxsopuda umeem rAOXyk Chifly4ecmb, O Yyem ceude-
mernbcmeyrom pe3ynbmameal uccriedo8aHusi Cbillydecmu, yana ecrmecmeeHHO020 0mKoca, MiomHo-
cmu u npeccyemocmu. Takasi pa3Hasi cmpykmypa rnopowkoe oelicmeyrouux eeuiecms ykasoieaem
Ha dornonHumersbHble CHOXHOCMU MpU 8bIbope onmumarbHO20 criocoba egedeHusi delicmayroujux
seuwjecms 8 riekapcmeeHHyro ¢hopmy. bbinu uccrnedosaHsbl 3 cepuu mabremoyHoU Macchl ¢ pa3HbIMU
criocobamu eseleHUsI 8 Hee OelicmeyouUX U 8CrioMo2ameribHbIX 8eu,ecms. YcmaHo8eHo, 4mo
fpu yenaxHeHuu mabrnemoyHoU Macchkl, 8 cocmas Komopou 8xodusnu beHgpomuamMuH u nupudoK-
CcuHa audpoxsiopud, Habndanock yeenu4yeHue Kou4ecmeeHHo020 codepxaHus npuMecu muamu-
Ha o-mMoHogocghama. Toasmomy ebigsedeHue beHghomuamuHa u3 cMecu Ha cmaduu ornydpusaHusi
unu puMeHeHUe mexHoso2uu fnosy4dyeHus dgyx omoesibHbIX 2paHynsimos delicmeayuux sewecms
CHSAIU 80rpoc 0bpa3oeaHusi U ygeriudeHUs obbema npumecu muamMuHa o-MoHogpocghama. BribpaH
onmumarbHbIU PexxumM CywKU epaHynama nupudokcuHa audpoxopuda — 55-65°C e meveHue 60-70
MUHYmM, 4mo 1038071iem Moy4Yums 2paHynsam nupudoKkcuHa audpoxiopuda ¢ xopowel cbirmyve-
cmbto (10 e/c) u onmumarnbHoU enaxHocmsto (He bonee 5,0%).



