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Nowadays, there are more than one mil-
lion infertile couples in the different regions of
Ukraine. Every fifth man is the main cause of
this social problem. The idiopathic spermato-
genesis disturbances represent the largest per-
centage of men’s infertile etiological agents.

It is reported about association between
liver diseases, such as alcohol cirrhosis, hepa-
titis B and C and disturbances of male sexual
function. The disturbance of the liver function-
ing negatively impacts on the state of human
organs and systems, causes their pathologies’
development [1]. Liver diseases in men mani-
fest by hypogonadism which is characterized
by low free and general testosterone levels and
increasing of the estrogens content that con-
cerns the androgens deficiency development
[2, 3]. One of the basic mechanisms of the liver

disease pathogenesis is disturbance of the pro-
and antioxidant homeostasis [4, 5]. In that re-
gard, the most perspective medicines for male
reproductive dysfunctions treatment are phar-
maceutical compositions based on active ingre-
dients similar to natural metabolic substances
which have hepatoprotective effect and may
normalize damaged spermatogenesis.

The original bioactive substance named
«Kathiazin» (3- (4, 5-dihydrothiazol-2-yl) amid
cis-1, 2, 2-trimethyl-cyclopentan 1,3-dicarbo-
nic acid) was synthesized in SI «V. Danilevsky
Institute for Endocrine Pathology Problems of
NAMS of Ukraine» and demonstrated hepa-
toprotective and spermatogenesis modulating
effects. The spermatogenesis stimulating ef-
fect of Kathiazin has been proved on the dif-
ferent models of pathospermia in rat mails in
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doses of 0,6 mg/kg body weight and 6 mg/kg
body weight. The therapeutic effect on the rat
liver functioning disturbances has been deter-
mined on the models of acute and subchronic
toxic, medicinal and combined hepatitis [6, 7].
Kathiazin normalizes enzymatic liver’s activ-
ity, improves its lipid synthesizing and detoxi-
cation functions, recovers glucose homeostasis,
has anticoagulant effect, but doesn’t demon-
strate strong antioxidant properties [8, 9].
Therefore, the pharmacological properties
of Kathiazin listed above, is the base for crea-
tion of the pharmaceutical composition (PhC)
for spermatogenesis disturbances treatment
and for normalization liver function activity.
The purpose of our investigation was the
development of the pharmaceutical composition

based on Kathiazin. The main task while crea-
ting the new medicines, is the choosing a kind
of pharmaceutical dosage form, its composition
according to the therapeutic aims. Taking into
account our preliminary investigations and
wide spread of the pharmaceutical capsules
which allow to mix in one unit of dosage form
substances with different physico-chemical
properties, we suggested to elaborate capsules
based on Kathiazin [10, 11].

The succinic acid (SA) has been added to
the PhC with the aim of increasing the Kathia-
zin’s hepatoprotective properties. SA is strong
energetic substrate that takes part in the nu-
merous biochemical redox processes in human
organs and tissues including the conditions of
the different pathologies [12—14].

MATERIALS AND METHODS

The objects of our investigation were Ka-
thiazin substance, obtained according to [15]
and excipients recommended by Ministry of
Health of Ukraine [16] and experimental cap-
sules masses.

The Kathiazin substance has been synthe-
sized according to the [17] by using traditional
organic chemistry methods for pharmaceutical
technological trials.

Organoleptic characteristics such as condi-
tion, color, smell, texture of the active phar-
maceutical ingredients (API), excipients and
experimental capsules masses have visually
controlled [18, a. 1.4, a. 2.3.4].

The pharmaceutical technological trials
have been carried out according to the proce-
dures recommended by State Pharmacopoeia
of Ukraine, 2-nd edition [18 a. a. 2.9.1, 2.9.3,
2.9.7,2.9.8, 2.9.16, 2.9.34, 2.9.35, 2.9.36].

The flowability of three samples of powder
and powder compositions have been determined

by measuring the powder mass flow rate through
funnel with orifice’s diameter 10 = 0,01 mm.
The flowability is measured in seconds and
tenths of seconds related to the 100 g of sample.

Bulk density, compressibility index and
Hausner ratio have been determined by mea-
suring both the bulk volume and the tapped
volume of a powder. The compressibility index
and Hausner ratio may be calculated by using
measured values for bulk density (p, ) and
tapped density (pmppe » as follows:

Compressibility index =
100 X [(ptapped - pbulk) / ptapped];

Hausner ratio = (ptappe o o)

The angle of repose is the constant, three-
dimensional angle, has been assumed by
a cone-like pile of powder formed after its
passing trough the funnel on the base of fixed
diameter.

RESULTS AND DISCUSSION

The developing of the composition of PhC
based on Kathiazin has been carried out with
the consideration physical-chemical and phar-
maceutical technological properties of the API
powders and data from literature as to mo-
dern excipients suitable for capsules filling.
For making appropriate volume of pharma-
ceutical dosage form sucrose, lactose, maize
starch powder or pregelatinized maize starch

and cellulose microcrystalline (CM) have been
used to be binders or blowing agents. Talc, dif-
ferent kinds of starch, colloidal silicon dioxide
(Aerosil®) and calcium or magnesium stearate
may be added as glidant to improve powder
flowability.

Auxiliary substances impacts both tech-
nological and biopharmaceutical properties of
the medicines (absorbability, releasing of API,
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stability, etc). Scientific approach to choosing
of the excipients based on numerous pharma-
ceutical technological tests provides high thera-
peutical effectiveness and minimal level of side
effects [19].

The SA has been added to the PhC as an
active pharmaceutical ingredient, but, accord-
ing to the literature data, this substance has
low permeability through cells membranes
which decrease the effectiveness of medicines
containing SA. Therefore, the glutaminic acid
(GIA) has been introduced to PhC with the aim
to improve absorbability of the SA [20].

The polyols (sugar alcohol) have been con-
sidered to be main excipients due to their be-
nefits such as low insulinogenic ability. Among
other polyol’s benefits are their natural origin,
low calorie content, inertness to other compo-
nents and lower microbial contamination which
causes the improvement of the microbiologi-
cal stability of capsules. The polyols made by
ROQETTE Company have been used in our in-
vestigations.

The Kathiazin powder particles have com-
plicated surface area where static electric
charge is accumulated that leads to some diffi-
culties while technological process (sowing and
mixing stages). This fact explains the neces-
sity investigating of the magnesium stearate
as glidant due to its antistatic and antiadhtsive
properties.

The studying of the technological proper-
ties of the auxiliary substances used for the
capsules masses has been carried out according
to the State Pharmacopoeia of Ukraine proce-
dures. The results are presented in table 1.

The bulking properties of powders are the
basic factors which determine such technolog-
ical conditions as capacity rate, the using of
specialized, standard or additional equipment.
According to the bulk density values, powders
may be divided into groups from very heavy
(> 2.0 g/em?) to light (< 0.6 g/cm?). The flow rate
of powders during loading or reloading is evalu-
ated by technological parameters — flowabi-
lity and angle of repose, and may be described

Table 1
Technological parameters of the active ingredients and excipients,
X+Sx),n=5
Parameter
Ingredient Bulk Angle Flowability Co.m.p‘r s Hausner
density, of repose, Jsec ’ sibility ratio
g/sm? degree g index, %

Kathiazin 0.690 £+ 0.016 35.8+ 1.0 2.36 £ 0.27 11.2+ 0.8 1.14 £ 0.10

SA 0.842 £ 0.010 27.8+1.3 9.90 £ 0.90 10.7+ 2.8 0.82 + 0.02

GIA 0.350 £ 0.002 36.6+ 0.6 3.15+0.14 13.9+1.8 0.71 £ 0.02

MC-101 0.330 £ 0.010 39.4 +0.64 1.65+ 0.02 19.80 £ 3.75 1.25+0.06

MC-102 0.300 = 0.004 46.6 + 0.86 1.44 +0.02 29.20 £ 1.55 1.41 +0.03
Maltitiol

(Sweet Pearl 0.965 + 0.080 282+1.1 8.4+0.6 10.1+£2.6 1.13 £ 0.02

P 200)

Maize starch 0.487 + 0.010 50.6 £ 0.6 2.50 £0.05 12.0+0.9 1.14 £ 0.10
Mannitol

(Pearlitol 160 C) 0.661 £ 0.04 47.2+0.3 absent 25.2+0.6 1.29 £ 0.04

Aerosil® 0.046 + 0.04 absent absent 61.7+ 1.3 2.56 +0.02

Pregelatini-zed
maize starch 0.644 +0.02 39.4 £ 0.5 4.95 + 0.60 23.8+0.7 1.31 £0.02
(Lycatab PGS)

Cmss‘;g’]:”‘don' 0.323 + 0.07 48.3+0.5 absent 29.9+ 1.1 1.43 +0.04

Magnesium 0.159 + 0.01 absent absent 44.4+0.3 1.79 + 0.02
stearate
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from excellent (8.6—12 g/sec; 25°-30°) to very,
very poor (0.3—1 g/sec; > 66°). The determina-
tion of the compressibility index and Hausner
ratio is the most useful, simple and quick pro-
cedure for predicting powder flowability. One of
the methods of the measuring and evaluating
the parameters listed above are described in
«Methods» [18].

The figures represented in table 1 show
that Kathiazin substance is considered to be
light powder with good flowability according to
the compressibility index and Hausner ratio.
The other active pharmaceutical ingredient —
SA 1s light powder too, their flowability para-
meters are evaluating from fair to excellent.

The Glutaminic acid is considered to be
light powder if evaluating its bulk density. The
flowability of the glutaminic acid may be esti-
mated from fair to good according to its mea-
sured and calculated compressibility index and
Hausner ratio.

The maltitol demonstrated the average va-
lues of bulk density and good results of the com-
pressibility index and Hausner ratio. The bulk
density value of maize starch corresponded to
light powder’s substances and demonstrated
good indices of flowability (compressibility in-
dex and Hausner ratio). The MC of both marks
appertained to the light powders according to
the bulk density values; flowability had values
from poor to passable (passable values of the
flowability demonstrated only MC — 101). The

pregelatinized starch demonstrated average
values of the bulk density, passable flowability
according to the scale for compressibility index
or Hausner ratio and fair flowability accord-
ing to the angle of repose scale. As Kathiazin
belongs to moister sensitive powders, an ability
of pregelatinized starch and polyols to incorpo-
rate water from atmosphere during time has to
be taken into consideration.

The mannitol (Pearlitol 160 C) demonstra-
ted average values of bulk density, passable
character of the flowability according to the
scale for compressibility index and Hausner ra-
tio and poor flowability as for angle of repose
value that demand additional equipment and
technological procedures of mixing or vibration.

Aerosil®, Crosspovidon-XL, and magnesium
stearate belong to light powders as for bulk
density and have very, very poor flowability
according to the compressibility index and Haus-
ner ratio values. It was impossible to measure
the angle of repose and flowability of Aerosil®
because its powder got dusty while testing. The
flowability and angle of repose of magnesium
stearate were not to be measured due to agglo-
meration of its powder.

Experimentally determined technological
characteristics of Kathiazin and SA substances
allow to use conventional auxiliary substances
and does not demand additional technological
procedures such as wet granulation. Taking
into account data obtained, dry polyols, man-

Table 2
The composition of the experimental capsules masses
Content
Ingredient g % g % g %
No1l No 2 Ne 3
Kathiazin 0,120 32,43 0,120 32,43 0,120 32,43
SA 0,100 27,03 0,100 27,03 0,100 27,03
GIA 0,100 27,03 0,100 27,03 0,100 27,03
Maltitol (Sweet Pearl
P 200) — — 0,048 12,97 — —
Mannitol (Pearlitol 160 C) — — 0,048 12,97
Pregelatinized starch
(Lucatab PGS) 0,048 12,97 - - - -
Silicon dioxide colloidal | 5 0,54 0,002 0,54 0,002 0,54
(Aerosil®)
Average mass 0,370 100,0 0,370 100,0 0,370 100,0
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Table 3
Technological characteristics of the experimental capsules masses,
(X+Sx),n=6
Index, unit of measuring
Composi-
ti P Bulk density, Angle Flowability, Compres- .
lon 3 of repose, 1 et o Hausner ratio
g/sm d glsec sibility, %
egree
No 1 0,674 + 0,020 34,3+ 1,5 3,20 £ 0,21 11,51+ 0,95 1,14 £ 0,033
No 2 0,731 + 0,060 36,8+1,1 3,67+0,12 12,10 £ 1,01 1,12 + 0,065
No 3 0,533 £ 0,006V 30,4+047" 5,98 +0,11? 6,32 +0,19? 0,85+ 0,004
Note.

b Significant difference compared to sample No 2, (P < 0,02);
2 Significant difference compared to sample Ne 2, (P < 0,001).

nitol, pregelatinized maize starch and Aerosil®
may be used as the excipients for the pharma-
ceutical composition.

During the developing the pharmaceutical
composition based on Kathiazin in the solid ge-
latinous capsules from excipients listed above,
the experimental samples of the PhC with dif-
ferent content of the auxiliary substances have
been prepared. The average weight of each cap-
sule’s content is 0.370 g.

According to the data of initial biological
researches, the single human dose of Kathiazin
1s 120 mg, SA single dose in each unit of phar-
maceutical dosage form is 100 mg, GIA single
dose is equal to SA — 100 mg. The composi-
tions of the experimental capsules masses are
presented in table 2.

The samples of experimental capsules mas-
ses of the PhC based on Kathiazin have been
pharmaco-technologically tested according to
the State Pharmacopoeia’s of Ukraine 2 edition
requirements. The results of the investigation
are presented in table 3.

As we can see from table 3, capsules masses
No 1 and Ne 2 demonstrated alike values of the

technological characteristics in spite of differ-
ences in the formulations. Capsules mass No 3
which contains mannitol as filling, has shown
the technological parameters much better than
masses No 1 and Ne 2.

The bulk density of all the experimental
samples had average values (1.1-0.6 g/sm?®). The
indices of flowability corresponded to good and
excellent values (from 3.0 g/sec to 6.5 g/sec).
The angles of repose of the experimental cap-
sules masses had values which characterized
good flowability (31-35°). The compressibility
indices and Hausner ratio of masses No 1 and
No 2 corresponded to good flowability (11-15 %
and 1.12—1.18) while parameters of sample Ne 3
were characterized excellent flowability of the
mass (1-10 % and 1.00-1/11).

Therefore, taking into account the results
received, the most perspective capsules mass
is composition Ne 3 which contains complete
complex of active pharmaceutical ingredients,
mannitol is to be basic excipients and silicon
dioxide colloidal (Aerosil®) is glidant.

CONCLUSIONS

The pharmaco-technological parameters
(bulk density, flowability, compressibility and
Hausner ratio) of the perspective active phar-
maceutical ingredients of the pharmaceutical
composition based on Kathiazin have been in-
vestigated.

The technological characteristics of cap-
sules masses have been determined, the most

perspective mass has been chosen for deve-
loping pharmaceutical dosage form based on
Kathiazin.

The studying of different compositions of
excipients has testified that chosen components
allow to obtain formulations suitable for encap-
sulation using different industrial and labora-
tory equipment.
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THE DEVELOPMENT OF THE COMBAINED PHARMACEUTICAL COMPOSITION
WITH PLEIOTROPIC ACTIVITY BASED
ON ORIGINAL SPERMOMODULATING SUBSTANCE

S. P. Kustova, M. O. Boiko, V. M. Vacula,
T. V. Matvieieva, M. Ya. Kudria, N. Yu. Seliukova

SI «V. Danilevsky Institute for Endocrine Pathology Problems of NAMS of Ukraine», Kharkiv, Ukraine
bma.november@gmail.com

The article is devoted to the results of the theoretical and experimental investigations on the development
of the optimal formulation of the pharmaceutical composition based on Kathiazin and Succinic acid in the solid
gelatinous capsules. The glutaminic acid has been introduced into the pharmaceutical composition to improve
the bioavailability of the succinic acid.

The content of active pharmaceutical substances has been determined. The single dose of Kathiazin
is 120 mg, succinic and glutaminic acids — 100 mg. The kind of auxiliary substances used in modern pharma-
ceutical technology of the solid dosage forms has been grounded according to the literature data. The pharmaco-
technological testing of the active pharmaceutical ingredients and auxiliary substances used in our research
work has been carried out. The pharmaco-technological properties of the substances investigated according to
the articles of State Pharmacopoeia of Ukraine (2 edition) have been estimated. The assessment of obtained
data allowed to elaborate the composition of the experimental capsules masses. The flowability, bulk density,
angle of repose, compressibility index and Hausner ratio of the mixtures created have been investigated due to
requirements of the State Pharmacopoeia of Ukraine. On the base of scientific researching the most perspective
pharmaceutical composition with excellent values of the flowability, angle of repose, bulk density, compressibi-
lity index and Hausner ratio has been chosen. This composition contains mannitol as the basic excipients for
capsules mass. The silicon dioxide colloidal (Aerosil®) is considered to be glidant substance which provides
excellent flowability. As the result of the pharmaco-technological researches the qualitative and quantitative
composition of the combined capsules based on Kathiazin and succinic acid has been developed. The testing
of the pharmaco-technological parameters has proved the composition obtained is suitable to be encapsulated
using different types of laboratory and industrial equipment. The elaborated combined dosage form based on
Kathiazin and succinic acid may be proposed as a new original medicine with pleiotropic activity for treatment
hepatitis of different origin in men with spermatogenesis disturbances.

Key words: Kathiazin, excipients, pharmaceutical composition, pharmaco-technological researches.
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PO3POBKA CKNALY KOMBIHOBAHOI ®APMALIEBTUYHOI
KOMMO3ULIT 3 NENOTPOMNHOIO AIEID HA OCHOBI OPUTIHANIBHOT
CMNEPMOMOAYIOYOT CMONYKHU

Kycrosa C. I1., Boiixo M. O., Baxyna B. M.,
Mareeera T. B., Kyapa M. {., Ceaorxosa H. 0.
JY «Incmumym npobnem endokpurnrnoi namoso2ii im. B. A. Jlanunescokoeo HAMH Ykpainun,
m. Xaprie, Ykpaina
bma.november@gmail.com

B crarTi TeopernyHo Ta ekcmepuMeHTAJBHO OOIPYHTOBAHO OINTHMAJBbHUU CKJAJ (hapMaeBTUYHOL
KOMITO3UITIl ¥ (POPMI TBEPAUX KEJTATUHOBUX KAIICYJI, JIe B IKOCTI OCHOBHHX J[1I0YMX PEYOBUH BUCTYIAKTH
Kariasun ta sHTapHa KHcJI0Ta, I MOKPAIEeHH 010J0CTYITHOCTI OCTAHHBOI B OPraHi3aMi yBeJIeHO IIyTaMi-
HOBY KHCJIOTY, OCHOBHHM HAIIOBHIOBAYEM O0PAHO MAHITOJI, a CHOJYKOI0, SKa HaJae Macl IJId KalCyJTI0BaHHI
xopormroi Tekydocti, Aepocus®. TecryBanus dapMako-TeXHOJIOMYHUX MOKA3HUKIB JOBEJIO, III0 OTPUMAaHA
CYMIII IIPpUJaTHA JJIs1 KAlICYJIIOBAHHS HA PI3HUX TUIAX ITPOMUCIIOBUX 1 J1a00paTOPHUX KATICYIbHUX MATITHH.

Kiawuosi cnosa: Kariasmu, gomoMizkHl pedoBHHH, CKJIAL PapMalleBTUYHOI KOMIIO3HUIIiI, dhapMaKo-
TeXHOJIOTIYHI JOCIIIKeHHS.

PA3SPABEOTKA COCTABA KOMBMHUPOBAHHOM
GAPMALEEBTUYECKON KOMNO3NUNN 3 MJENOTPOMHLIM 3D DEKTOM
HA OCHOBE OPUTMHAIbHOW CNEPMOMOAYJIUPYIOLWEN CYBCTAHUNN

Kycrosa C. II., Boiiko M. A., Bakyna B. H.,
Mareeera T. B., Kyapa M. {., Ceaorxosa H. 1O.

I'Y «lUncmumym npobnem snookpurnrnoii namosnoauu um. B. A. Jlanunesckoeo HAMH Yrpaurwvin,
2. Xapvkos, Yrpauna
bma.november@gmail.com

B crarbe TeopeTHUYeCKM M 9KCIEPUMEHTAJILHO 000CHOBAH ONTHUMAJIBHBINA cOCTAB (papMalleBTHUECKOMN
KOMIIO3UIIUH B (DOPMe TBEPBIX KeJTaTUHOBBIX KAIICYJI, B KOTOPHIX OCHOBHBIMH JeHMCTBYIOIINMHU BellleCTBAMU
asiaaorcea Katnasun u aarapaasa kucaora. Jliia yaydimeHns OM0oSOCTYIIHOCTH IIOC/IeJHEH BBeIeHA TJII0TaMU-
HoBas kucyora. OCHOBHBIM HOCHTEJEeM ObLJI BEIOpaH MaHHUTOJ, a CyOCTaHIMel, IPUIaIoIeil Macce 11 Kall-
CyJIMPOBAHUSA HEOOXOAUMYI0 TeKydecTh — Aapocus®. TectupoBanne dpapMaKo-TEXHOJIOTHUECKUX XapaKTepH-
CTHK JI0KA3aJ10, YTO MOJIyUeHHAas Macca JIJIs HATIOJTHeHU s KATICyJI IIPUTOHA JIJIS UCIIOJIb30BAHUS HA PA3HBIX
THUIIAX J1a00PATOPHBIX 1 IPOMBIIIJICHHBIX KAIICYJIbHBIX MAIIKH.

Kiawuesnie cinmosa: Karmasun, BcmoMoraresibHBIE BeIeCTBA, COCTAB (papMAaIleBTHUYECKOM KOMIIO3U-
uu, GapMKO-TEXHOJIOTTUYECKHe UCCIIeTOBAHMS.
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