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The choice of the quantitative composition of excipients
when creating the natural zeolite paste

The properties of pastes depend on a number of factors, the most important of them are the concentration of the
solid phase and the nature of the dispersion medium.

Aim. To study the effect of the amounts of active substances and excipients on the pharmacotechnological proper-
ties of a natural zeolite paste (clinoptilolite) and to optimize the composition of the finished dosage form.

Materials and methods. The objects of the study were model compositions of pastes containing the active sub-
stance — natural zeolite powder (clinoptilolite) in the concentrations of 20-30 %, a thickener — silicon dioxide in the
concentrations of 6.0-8.0 %, and a plasticizer — glycerol in the concentrations of 6.0-8.0 %. Samples of pastes also
contained flavoring agents — sorbitol and apple flavoring of 3 % each, and 0.02 % of a preservative — sorbic acid. To se-
lect the pharmaceutical factors significantly affecting the study object the fractional factorial experiment 23 was used
with equal duplication of experiments. Three quantitative factors were studied. The responses were consistency of the
paste, effective viscosity at the shear rate D, = 5.0 s, the thixotropic coefficient and the adsorption activity in relation
to methylene blue. The relationship between factors and responses was expressed and interpreted using the regres-
sion equations.

Results and discussion. It has been determined that the samples studied belong to the thixotropically structured
pseudoplastic systems with the structure of the coagulation type. It has been proven that natural zeolite (clinoptilolite)
together with silicon dioxide has a structuring effect on the disperse system and the adsorption activity of the paste as
a whole; the following composition is optimal (g): natural zeolite (clinoptilolite) 25.0; silicon dioxide 7.0; glycerol 5.0;
sorbic acid 0.02; sorbitol 3.0; apple flavor 3.0; purified water 56.98.

Conclusions. The studies on the choice of the quantitative content of excipients for obtaining the natural zeolite
paste have been conducted; the optimal composition of active substances and excipients has been proposed.
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B. O. Pnbauyk

Bubip KinbkicHOro cknagy AonoMiXKHMX pe4OBUH NPV CTBOPEHHI NacTu LeoniTy

NpPUpPOZHOro

BnactuBocCTi nacT 3anexarb Bif, H3KM YMHHWKIB, HANBaXIMBILLMMU 3 SKUX € KOHLEHTpaLis TBepaoi dasu Ta npu-
poaa AvcnepciiHoro cepeaoBuLLa.

MeTa po60oTu. BUB4YMTU BNNMB KiNbKOCTEN Aito4nx Ta AONOMIKHUX pe4oBMH Ha ddapMaKOTEXHONOriYHI BNacTUBOCTI
nacTu LeoniTy NPUpoAHOro (KNiIHONTUMONITY) Ta ONTUMI3yBaTK CKNaz roToBoi NikapcbKoi hopmu.

Marepianu Ta metogu. O6’ektamu gocnigkeHHs Oyny MoaenbHi KOMNO3uLi NacT, WO MICTUNM Ailo4y PEHOBUHY — MO~
POLLIOK LIeONiTy NMPUPOAHOrO (KNiHONTUMONITY) B KOHUEeHTpauisix 20-30 %, 3aryLuyBay — KpeMHito AioKCcuA, Y KOHLEHTpaLisiX
6,0-8,0 % Ta nnactudikaTop — rmiuepuH y KoHueHTpauiax 6,0-8,0 %. 3pasku nacT TakoX MiCTUINM KOPUTEHTU CMaKy —
copbiton Ta apomarusartop f6nyHeBu No 3 % KOXHUIM Ta KOHCepBaHT — KMcnoTy copbiHosy 0,02 %. [Ansa subopy
hapmaueBTUYHNX haKTOPIB, SIKi CYTTEBO BMNIMBAKOTb HA 00’EKT AOCNIIKEHHS, BUKOPUCTOBYBanu Apo6HMIA hbakTopHUiA
ekcrnepMeHT 23 3 piBHUM AybnoBaHHAM gocnigiB. Bynu BuBYeHi 3 kinbkicHi dhaktopu. B AkocTi Bigrykis cnyrysanm
KOHCUCTEHLiA nacTu, edekTMBHA B’A3KICTb Npu WBnakocTi 3cyBy D, = 5,0 ¢, koediuieHT TukcoTponHocTi Ta agcopb-
LifiHa aKTMBHICTb MO BifHOLUEHHIO 0 METUINEHOBOIO CMHBLOIO. B3aEM03B’A30K Mixk dhakTopamu Ta Biarykamu Bupaxxanu
Ta iHTepnpeTyBanu 3a AONOMOrOK PiBHAHb PErpecii.

PesynbraTty Ta ix o6roBopeHHs. BusHayeHo, Lo AocnigXeHi 3paskun BiQHOCATLCA [0 TUKCOTPOMHO-CTPYKTYPO-
BaHUX NCeBAOMNMACTUYHUX CUCTEM 3i CTPYKTYPOIO KoarynsiliiHoro Tuny. [loBeaeHo, Lo LeoniT NpupogHui (KniHONTK-
noniT) pa3oM 3 KPEMHIt AiOKCUAOM HYMHSITE CTPYKTYPYHOUUIA BNIUB HA AUCNEPCHY CUCTEMY Ta afcopOLUiiHy akTUBHICTb
nacTu B LiNIOMy, @ OnTMMaribHOK € KOMMNO3MLisA cKnagy, r: LeoniT npupoaHui (KniHontunonit) — 25,0; kpemHito giokena —
7,0; rniuepvH — 5,0; knucnota copbiHoBa — 0,02; copbiton — 3,0; apomaTtnsatop s6nyHesun — 3,0; Boga ounweHa — 56,98.

BucHoBku. [poBegeHo gocnigXeHHst 3 Nigbopy KinbKiCHOro BMICTY AOMOMDKHUX PEYOBUH ANS OTPUMAaHHS nactu
LeoniTy NpMpPOAHOro Ta 3anpornoHOBaHO ONTUMAIbHUI CKNag Aitovmx Ta AOMOMIXKHUX PEYOBUH.

Knrouoei cnoea: ueornim ripupoOHuUl; KMiHONMUIIONim; KpemHito 0iokcud; aniyepuH,; nacma, OOrnoOMiKHI
PEYOBUHU; KiNbKiCHI ghakmopu



40 ISSN 1562-7241 (Print) BICHMK ®APMALIII 3 (95) 2018 ISSN 2415-8844 (Online)

B. O. Puibauyk

BbIGOp KONMYECTBEHHOrO CoCcTaBa BCNoMoraTernbHbIX BELWeCTB Npyu co34aHum nacThbl
LeonuTta NnpupoaHoro

CsovicTBa nacT 3aBUCAT OT psaa hakTopoB, BaXHENLLMMY U3 KOTOPLIX SABMNSIOTCA KOHLEHTpaunus Teepaon gassol
1 npypoaa ANCNEepPCUOHHON cpeabl.

Lenb pa6oTbl. N3yunTb BNMsiHWE KONMYECTB AENCTBYOLLUX 1 BCMOMOraTenbHbIX BELLECTB Ha (hbapMakoTEXHOO-
rmyeckme CBOWCTBA NacTbl LLeonuTa NpupogHoro (KMMHONTUONNTA) U ONTUMU3MPOBATL COCTaB rOTOBOWN NEKAPCTBEH-
HOWN hOPMBbI.

Martepuanbl n metoabl. OObeKkTaMn NCCNEA0BAHMSA CITY>KUIM MOLENbHbIE KOMMO3ULIMK NACT, COAepKaLLMX AENCTBY-
loLLle€e BELLECTBO — MOPOLLOK LLeonuTa NpMpoaHoro (KNMHONTUNonuT) B koHueHTpaumsx 20-30 %, 3aryctuTenb — Kpem-
HUSA anokcua B KoHUeHTpauumsx 6,0-8,0 % n nnactudukaTop — rmuuepuH B KoHUeHTpaumsx 6,0-8,0 %. O6pasubl nact
TaKKe coaepKarnu KoppureHTbl BKyca — copomTon n apomatmaaTtop SbrnoyHbIn no 3 % kaxabl U KOHCEPBAHT — KUCMOTY
cop6buHosyto 0,02 %. [ina Bbibopa dhapMaueBTM4ecKnX hakTOpoB, KOTOPbIE CYLLECTBEHHO BNUSIIOT HA OOLEKT nccne-
[0BaHUS, NCMNonb30oBanu Apo0HbIN (aKTOPHbIN 3KCNEPUMEHT 23 ¢ paBHbIM AyO6nupoBaHvem onbIToB. bbino nayyeHo 3
KONMYeCTBEHHbIX hakTopa. OTKIMKaMM CIYXXMITN: KOHCUCTEHLMSA NacTbl, 3EKTUBHASA BA3KOCTb NPU CKOPOCTU COBU-
ra D, =5,0 ¢, KOahhMLUMEHT TUKCOTPOMHOCTU 1N aacopOLMOHHAs aKTUBHOCTb MO OTHOLLEHWIO K METUIEHOBOMY CUHE-
My. BaanmocBs3sb Mexay daktopamu 1 OTKIMKaMU Bblpaxarnu U MHTEPNPETMPOBanu C NOMOLLbIO YpaBHEHWI perpeccum.

PesynbraThl M ux obeyxaeHune. OnpeneneHo, 4To nccrnegyemble 0bpasLibl OTHOCSATCS K TUKCOTPOMHO-CTPYKTY-
PUPOBaHHbLIM MCEBAOMNIACTUYECKUM CUCTEMAM CO CTPYKTYPOW KoarynsiuMoHHoro tuna. [JokasaHo, 4To LeonuTt npu-
POAHbIV (KMTMHONTWUMAONUT) BMECTE C KPEMHUS OMOKCUAOM OKasbiBalT CTPYKTYypUpYloLLee BMUSHWE Ha OUCMEPCHYIO
CUCTEMY M afCOPOLIMOHHYI0 aKTMBHOCTb MacTbl B LIENTIOM, @ ONTUMarbHOW ABNSETCA KOMNO3ULMS COCTaBa, I LeonuT
npupogHbIn (knuHonTunonut) — 25,0; kpemHust anokeng — 7,0; muuepuH — 5,0; copbuHoBas kucnota — 0,02; copbu-

Ton — 3,0; apomatusatop a6noyHeIn — 3,0; BOAa ounLLeHHas — 56,98.
BbiBoabl. [MpoBeaeHsl UccrefoBaHuUsi Mo BbIGOPY KONMYECTBEHHOTO COepKaHUsi BCMOMOraTenbHbIX BELLECTB AN
MonyYeHunst NacTbl LeonuTa NpupoaHOro U NPeanoxeH onTUManbHbIi COCTaB AENCTBYHOLLMX U BCMIOMOraTerbHbIX BELLECTB.
Knrouyeenle crioga: ueonum rnpupoOHbIl; KITUHONMUIONUM; KpeMHusi OUOKCUOQ; efuyepuH; nacma;
ecrioMo2ameribHble 8eUIeCmea; Korlu4ecmeeHHbIe ¢hakmopb!

Efferent therapy as a method of eliminating toxic
products from the body is gaining popularity in various
fields of clinical medicine. Among all methods of efferent
therapy enterosorption as a method of non-invasive de-
toxification attracts increasing attention; when adequa-
tely used, it allows achieving the local and systemic po-
sitive effect. Removal of compounds that adversely af-
fect the body such as allergens, active peroxides, viru-
ses, toxins, inflammatory mediators, as well as preven-
ting their movement into the systemic circulation, stimu-
lates the mechanisms of resistance of the body, prevents
development of inflammatory reactions, improves me-
tabolism [1, 2]. The quality and efficiency of enterosorp-
tion therapy is determined primarily by the type of the
enterosorbent used. One of the promising sources of en-
terosorbents is natural minerals. A high and stable inte-
rest in this group of substances is due to the presence
of a wide range of direct and indirect therapeutic and
prophylactic effects that are achieved at the expense of
their physicochemical properties, the ability to bind and
remove toxic products from the body [3-6]. Natural zeo-
lites are the promising mineral raw material for creating
enterosorbents [7-8].

One of the optimal dosage forms for creating entero-
sorbent pharmaceuticals is pastes used successfully for
many years in pharmaceutical practice. A characteristic
feature of this group of dosage forms is the dispersed
type of structures determining the rheological proper-
ties of the finished products. The properties of pastes
depend on a number of factors, the most important of
them are the concentration of the solid phase and the
nature of the dispersion medium [9].

The aim of the work was to study the effect of the
amounts of active substances and excipients on the phar-
macotechnological properties of a natural zeolite paste
(clinoptilolite) and to optimize the composition of the
finished dosage form.

Materials and methods

The objects of the study were model compositions of
pastes containing the active substance — natural zeolite
powder (clinoptilolite) in the concentrations of 20-30 %,
a thickener — silicon dioxide in the concentrations of
6.0-8.0 %, and a plasticizer — glycerol in the concentra-
tions of 6.0-8.0 %. Samples of pastes also contained fla-
voring agents — sorbitol and apple flavoring of 3 % each,
and 0.02 % of a preservative — sorbic acid. The range of
the concentrations of active substances and excipients
was chosen based on our previous studies [10].

Consistency of pastes was assessed visually using
the five-point scale: 5 — the mass is homogeneous, uni-
formly colored, there is no stratification and formation
of agglomerates of particles; 4 — the mass is homoge-
neous, uniformly colored, there is no stratification, but
there are isolated clots of material in the diameter up to
2 mm; 3 — the mass is unevenly colored, a thin layer of
liquid is observed on the surface, there is a partial strati-
fication and formation of particle agglomerates. Deter-
mination of rheological parameters was performed on
a MYR VR3000 (Spain) viscometer.Its work is based
on the Brookfield method and allows to determine the
structural and mechanical properties in the range of shear
rates from 1 s to 200 s! using coaxial cylinders. The va-
lues of dynamic viscosity were fixed at the shear rate
D,=5.0s". The coefficient of thixotropy was calculated
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Table 1

The quantitative factors and their levels studied when optimizing the composition
of the natural zeolite (clinoptilolite) paste

. . Levels of factors
Factor Variable interval -
Lower «—» Basic «0» Upper «+»
X, = the amount of the natural zeolite 5 20 25 30
(clinoptilolite), %
X, the amount of silicon dioxide, % 1 6 7 8
X, — the amount of glycerin, % 1 3 5 7

as a result of the division of the paste viscosity at the
shear rate of 10.0 rpm/sec on the viscosity value of the
paste at the shear rate 100.0 rpm/sec.

Determination of the sorption activity of pastes was
studied in relation to the solution of methylene blue (MB)
and expressed as the maximum amount of the marker
(mg) absorbed by 1 g of the sorbent. For this purpose,
the accurate weight of the sorbent weighing 0.15 g was
placed in a test tube, 10 ml of the methylene blue solu-
tion with the concentration of 0.15 mg/ml was added
and shaken on the apparatus for shaking for 30 min. After
reaching the sorption equilibrium the solution was se-
parated by centrifugation (3000 rpm), the optical den-
sity of the solution was measured using a KFK-2 photo-
colorimeter at the wavelength of 490 nm in a 1 mm cu-
vette. The equilibrium concentration of MB was calcu-
lated using the calibration graph of the dependence of
the optical density of the MB solution on its concentration.

To select the pharmaceutical factors significantly af-
fecting the study object the random balance method was
used. The planning of the experiment was carried out
according to the algorithm described in the monograph
“Mathematical planning of the experiment in carrying
out scientific research in pharmacy” [11]. The plan of
the experiment is given in Tab. 1. The relationship bet-
ween the quantitative factors studied and the pharma-
cotechnological parameters of the paste was expressed
and interpreted using regression equations. The adequa-
cy of the models and the statistical significance of the
coefficients were verified using the F-criterion. The equa-
tions constructed were considered to be adequate when
F exp < Ftabl'

Results and discussion

The extended matrix of plan 23 and the results of
the studies are given in Tab. 2. All dispersions obtained
were checked by the Cochran criterion and were homo-
geneous.

When assessing the homogeneity of the natural zeo-
lite paste all series of experiments were evaluated per-
fectly. Therefore, this report (y,) does not show the reg-
ression equation.

The effect of the factors studied on the effective
viscosity of the paste at the shear rate D, = 5.0 s is de-
scribed by the following regression equation (1):

y, = 20.5708 + 17.4958x, + 3.3958x, —
—1.3375x, + 2.0375x,x, — 1.1792x x,. (D

In this and the following regression equations, only
statistically significant coefficients are indicated. Ac-
cording to the above equation the value of the variab-
les studied is affected by all the experimental factors,
and six coefficients are significant. By the value of the
impact on this indicator, the factors studied can be ar-
ranged in the following sequence: x, > X, > X;. To a
greater degree, the homogeneity depends on the con-
centration of natural zeolite (factor X,), which increase
leads to a significant increase in viscosity. The content
of silicon dioxide and the interaction of factors x, and
X, also affect the change in viscosity in the direction of
its growth. The increase in the amount of glycerin in
the composition and the interaction of factors x, and x,
on the contrary, leads to a decrease in viscosity of the
systems.

Table 2
The experiment planning matrix and research results

Series, No. X, X, X5 X,X, X;X3 X,X3 X1XX3 Y Y, Ys Ya
1 + + + + + + + 5 41 15 61.43
2 - + + - - + - 5 4.2 11 45.67
3 n _ + - ¥ - - 5 30.1 5.2 57.37
4 Z - + + - - + 5 1.6 3 43.47
5 + + - + - - - 5 46 12 54.13
6 - + - - + - + 5 4.7 10 41.17
7 + - - - - + + 5 35.1 3.7 50.9
8 - - - + + + - 5 1.8 4 40

Notes: y, — consistency, points; y, — effective viscosity at the shear rate D, = 5.0 57, Pa - s; y, — the coefficient of thixotropy, units;

y, — the adsorption activity in relation to methylene blue, mg/g.
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The relationship between the factors studied and va-
lues of thixotropy is described by the regression equa-
tion (2):

Yo = 8.0333 + L0667, +4.0333x, + 0.675x, + )
+0.6%,x, + 0.4775x X, + 0.425% x,. 2)

The analysis of regression equations shows that for
this indicator seven coefficients are significant. By the
value of the impact on thixotropy the factors studied
can be arranged in the following sequence: X, > X, > X;.
According to the regression equation the greatest effect
on thixotropy of pastes has the amount of a thickener in
their composition. When increasing the concentration
of silicon dioxide the value of this parameter increases.
The increase in thixotropy is also observed with an increase
in the concentration of zeolite and glycerin, but the force
of influence of these substances is less. It should also
be noted that the duplex interaction of factors positively
affects thixotropy.

The relationship between the factors studied and the
adsorption activity of the paste is described by the re-
gression equation (3):

y, = 49.2675 + 6.69x, + 1.3325x, + 2.7175x, +
+0.49x %, + 0.725% X, + 0.2325%,X,. Q)

Analysis of the regression equations shows that for
this indicator six coefficients are significant. By the value
of the impact on the adsorption activity the factors studied
can be arranged in the following sequence: X, > X, > X,.
This indicator increases to the greatest extent when in-
creasing the content of natural zeolite. The adsorption
activity also increases with the increase in the concentra-
tion of silicon dioxide and glycerin, but their effect is
3-4 times less compared to factor x,. It should also be
noted that the effect of the interaction between factors
X,, X, and X, also manifests itself in increasing the values
of the parameter studied.

The studies conducted have shown (Tab. 2) that
for any ratio between the substances used the series of
the paste samples studied have excellent homogeneity
indices, pastes belong to the thixotropically structured
systems. However, parameters of viscosity and thixot-

ropy of pastes depend on the solid phase content and
increase within the range of 1.6-46 Pa-s and 3-15 units,
respectively, with an increase in the content of the solid
phase in the paste. The adsorption activity also increases
when increasing the content of natural zeolite and sili-
con dioxide. For more precise determination of concent-
rations of the substances the additional studies were
conducted by the “steep climb” scheme to the optimum.
Since the paste developed is for oral use, it was decided
to choose the viscosity of food products, namely may-
onnaise and condensed milk, as a reference for its vis-
cosity and program this indicator within the range of
5-15 Pas-s. Taking into account the results of the previ-
ous studies of the rheological properties of pastes [10]
and the fact that viscosity of pastes with the maximum
and minimum content of substances was outside of the
period chosen it was decided to fix factor x, at the basic
level. Since the adsorption capacity of pastes depended
to a greater extent on the content of natural zeolite, and
viscosity decreased with increasing the concentration
of glycerin as a starting point, the upper level was cho-
sen for factor x,, and the lower level for factor x,. The va-
riable interval for the factors was 0.5, factor x, was
changed in the direction of decrease, while factor x,
was increased. The model series of pastes were studied
with similar responses. As a result of our research, the
optimal composition of the paste has been determined
(g), it is natural zeolite (clinoptilolite) — 25.0; silicon
dioxide — 7.0; glycerine — 5.0; sorbic acid — 0.02; sorbi-
tol — 3.0; apple flavor — 3.0; water purified — 56.98. The re-
sulting composition had an excellent homogeneity, its vis-
cosity was 14.5 Pa-s, thixotropy was 8.0 units, the ad-
sorption activity in relation to methylene blue was 52.5 mg/g.

CONCLUSIONS

1. The study on the choice of the quantitative con-
tent of excipients for obtaining the natural zeolite paste
has been conducted.

2. Using the regression analysis the optimal compo-
sition of the natural zeolite paste (clinoptilolite) has been
determined (g), it is natural zeolite (clinoptilolite) — 25.0;
silicon dioxide — 7.0; glycerine — 5.0; sorbic acid — 0.02;
sorbitol — 3.0; apple flavor — 3.0; purified water — 56.98.

Conflict of Interests: authors have no conflict of
interests to declare.
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