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Development of the orodispersible films based on CO, extract
of Ziziphora bungeana with antimicrobial activity

The present work was intended to develop the new drug in the form of film soluble in the oral cavity: devel-
opment of its composition, production technology, the study of its antimicrobial activity. The relevance of the
problem is caused by the absence of drugs in the form of films on the domestic pharmaceutical market. The
optimal composition of films was selected by evaluating a number of physical, chemical and technological
indicators of the obtained films. The article indicates the materials used to obtain the drugs in question, pre-
sents the technology for their preparation and quality determination methods: unit measurement methods and
potentiometric determination of pH, tensiometric and conductometric methods, thin-layer and gas chromatog-
raphy and others. Antimicrobial activity of the resulting films has been proven in vitro. Staphylococcus
aureus ATCC 6538-p and Escherichia coli ATCC 8739 have been used as the test microorganisms in order to
study them by disk diffusion method in agar. The introduction of CO, extract of Z. bungeana from medicinal
plant raw materials as active ingredients in medicinal films will expand the range of complex
phytopreparations of the domestic pharmaceutical market for the treatment of inflammatory diseases of the
oral mucosa.

Keywords: CO, extract of Ziziphora bungeana, orodispersible phytofilm, film composition, phytofilms, the
parameters of the technological mode, technological process, antimicrobial activity, test microorganisms.

Introduction

Currently, the main spectrum of pharmaceutical research is aimed at finding new medications improv-
ing the existing ones and creating drug delivery systems. One of the most promising therapeutic agents are
medicinal films based on biologically active compounds of plant origin and informally called "phyto films"
[1]. The oral mucosa has recently become increasingly important as an alternative route of administration for
individual, controlled drug delivery. Multilayer films on mucous membranes, referred to the monograph of
oromucosal drugs in the European Pharmacopoeia, have the advantages of a dosage form and satisfy the re-
quirements associated with this place of drug delivery [2].

Orally dispersible films (ODF) have recently become one of the most popular forms of drug administra-
tion due to their superior convenience and patient compliance. The main advantage of the dosage form arises
from its rapid disintegration: it can be taken without water. Compared to conventional oral dosage forms,
ODF generally provides a better drug bioavailability with a faster onset of action. In addition, ODFs are flex-
ible [3].

Medicinal films (MF) are polymeric elastic plates of oval or rectangular shape with equal edges and a
flat surface of various sizes and thicknesses. They are a type of transdermal therapeutic systems (TTS). The
difference between Phytofilms and synthetic polymeric therapeutic systems are following: phytofilms are
made in the form of a TTS (transdermal therapeutic system) matrix on carriers of natural origin (gelatin, col-
lagen, sodium alginate, agar-agar, etc.), which makes them safer and more compatible with a living organ-
ism (1).

Despite the above advantages of films, only one of the drugs in the form of a film belonging to the ATC
classification, GO4BEO3, is registered in the State Register of the Republic of Kazakhstan with the trade
name Viniks, produced by si.L.Farm Co., LTD, Republic of Korea. In other groups of the ATC classifica-
tion, there are no drugs in the form of a film [4]. The development of films is the most pressing problem in
dentistry. Their use makes it possible to treat diseases associated with inflammatory periodontal diseases,
such as gingivitis, periodontitis, periodontal disease, etc.

In this regard, the purpose of our activity was to develop the composition, technology and quality as-
sessment of films with antibacterial and anti-inflammatory properties, thanks to the use of a CO,-extract of
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the plant Z. bungeanaluz family Lamiaceaeas their basis [5]. Ziziphora phytochemicals include monoterpene
essential oils, triterpenes, and phenolic substances belonging to flavonoids. In Kazakh traditional medicine,
Ziziphora species are used for several medicinal purposes. In particular, Z. bungeana Juz. and Z. clino-
podioides Lam. are used for treating diseases associated with the cardiovascular system, or to fight various
infections [6]. To emphasize the natural origin of the base of the films, we named them orodispersephyto
films (hereinafter referred to as films).

Experimental

The CO, extract of the medicinal plant material Z. bungeana was used as an active substance. To select
the optimal composition, we studied about 54 film-forming compositions of biodegradable polymers and
plasticizers. The latter were of natural and synthetic origin and represented different ratios of film-forming
agents and plasticizers.

The selection of the optimal composition of the film, providing the necessary technological and con-
sumer properties, was carried out in 2 stages [7]. At the first stage, an experiment was carried out to select
excipients (films and plasticizers) that can form a matrix film for the subsequent administration of drugs. The
film-forming properties of polymer solutions at various concentrations were studied during the experiment.
The polymers were of various origins (natural and synthetic) and production (domestic and foreign). The
criterion for choosing film compositions at the initial stage was a satisfactory appearance: transparency, elas-
ticity, uniformity, the absence of microcracks and tears in the film. Glycerin was added to all bases as a plas-
ticizer. Based on a preliminary study, 6 compositions out of 54 were selected. The rest of the models did not
correspond to such technological parameters as mechanical strength, solubility, elasticity, etc. The selected
models are presented in Table 1.

Table 1
Selected films forming compositions

Base No. 1 model | No. 2 model | No. 3 model | No. 4 model | No. 5 model | No. 6 model
MC, g — — 15 — — —
PVA, g — 15 — — — —
PVP, g 30 — — — — —
Sodium alginate, g - - - - - 4.0
Sodium CMC, g — — — 3.0 — —
Natrosol250G, g — — — — 3.0 0
CQO, extract of Z. bungeana, g 1.5 1.5 1.5 1.5 1.5 1.5
Glycerin, g 1.5 1.5 1,5 1.5 1.5 1.5
an aqueous solution of gelatin, % 15 15 15 15 15 15
40 % ethanol 15 15 15 15 15 15
Purified water up to 50 ml 50 ml 50 ml 50 ml 50 ml 50 ml 50 ml

The films were evaluated according to the following criteria: physical characteristics (color, odor, size
and shape); average weight; solubility; pH of the aqueous solution; microbiological purity; weight loss on
drying; authenticity. In addition, the criteria for evaluating the quality of the films included such technologi-
cal parameters as vapor permeability, mechanical tensile strength, shell thickness, weight loss on drying, and
dissolution time. Harrington's method of generalized preference function was used to statistically process the
experimental results. Based on the results of the final activity, 3 compositions of bases No. 1, No. 3 and
No. 6 were selected according to the characteristics of the films.

The second stage of the study was the selection of the optimal composition of the matrix film by the
method of mathematical planning. The selection criteria were the following parameters of the film quality:
the pH value of the aqueous solution, thickness and moisture content (Table 2).

According to the results of the second stage of research, the composition of samples No. 1 and No. 6
did not correspond to the main technological parameters — the indicator of dissolution and pH of the
aqueous solution.

A certain contribution to the kinetics of drug release is made by the process of edema of high molecular
weight substances (HMS). In the films based on natrosol 250G, Sodium CMC and Sodium alginate, small
edema is observed, and in films based on PVA, PVP, moderate edema of the film based on MC is observed.
At the same time, model No. 3 based on MK demonstrated the optimal composition. On the basis of this
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model, an elastic, homogeneous, colorless and transparent film corresponding to the technological
parameters was obtained (Table 3). The film sample contains the active pharmaceutical ingredient —
CO,-extract of the plant Z. bungeana, the antimicrobial properties of which are determined by the high
content of pulegon.

Table 2
Technological parameters of dispersed films
No. Thickness, Dissolution time, Humidity, H Mechanical | Average weight,
model mm min % P strength, kg/m’ g
1 0.15+£0.015 3.45+0.1 9.81+£0.1 8.05+0.07 8.740.2 0.049 £ 0.003
2 0.3+0.1 430+0.2 5.52+0.1 5.09 £ 0.07 4.7+0.2 0.349 £ 0.002
3 0.25+£0.015 2.50£0.1 9.93+0.1 6.14+0.03 9.240.1 0.251+£0.015
4 0.169 +£0.016 6.47+0.1 10.47+0.1 4.2 +0.01 5.6+0.3 0.153+£0.015
5 0.159£0.015 4.10£0.1 18+0.1 8.0 3.1+0.3 0.142 £ 0.004
6 0.2+£0.01 437+0.1 10.12+0.1 7.3+0.5 9.840.3 0.047 £ 0.004
Table 3
The optimal composition of the film based on CO, extract of Z. bungeana
The name of the ingredient ND (Normative document) Quantity, % Functional purpose
. . SPRK (State pharmacopoeia . .
o Y -
Water solution of gelatin 30 % of Republic of Kazakhstan) 30 % Film-forming
Water solution of MC5 % SPRK 30 % The adhesive component
40 % ethanol SPRK 30 % Solvent
Glycerin SPRK 2% Plasticizer
CO, extract of Z. bungeana SPRK 3% Active substance
Purified water SPRK up to 100 ml Solvent

The selection criterion for the films based on Z. bungeana CO, extract was a satisfactory appearance
(transparency, elasticity, uniformity, absence of microcracks), sufficient, flexible and satisfactory bending
strength. The films are uniform in thickness and weight.

The method of making a long-acting medicinal film consisted of 3 stages: preparation of the composi-
tion; deaeration and pouring into a special mold; drying and cutting.

Description of the technological process. Aqueous solutions of gelatin 30 % and MCS5 % were mixed
with the prepared components at a temperature of 40 °C, and thoroughly mixed with the addition of glycerin.
The resulting mixture was heated to 40 °C and the drug substance was added there to. Then 40 % ethanol
was added. By thoroughly mixing the components (exposure in a water bath at 40 °C for 30 minutes, rotation
of the blades 20 + 5 rpm), we obtained a homogeneous composition. To avoid the formation of air bubbles,
centrifugation was carried out for 2 hours. The mixture was poured into a special mold, dried at a tempera-
ture of 40-45 °C to 10 % residual moisture. After drying, the films were cut into medium therapeutic doses
of 1x2 cm. In practice, films dried at room temperature acquire a high-quality appearance. The films were
packed with aluminum foil. The final product was placed in a box along with instructions for medical use. In
appearance, the films are elastic plates of light yellow color with a specific odor, without mechanical damage
and air bubbles: width (1 + 0.2) cm, length (2 £ 0.2) c¢m, thickness (0.253 £ 0.015) mm (Fig. 1).

Figure 1. Orodispersible film obtained on the basis of Z. bungeana extract by pour method
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Determination of the average mass. The average mass of a 1x2 cm film sample (an average therapeutic
dose) was determined by measuring 10 films with an accuracy of 0.0002 g. The mass of an individual film
was determined by a single measurement of 20 samples with an accuracy of 0.0002 g.

The permissible deviation in weight for films is up to 0.1 g and not less than + 10 % [9].

Determination of thickness. The film thickness was measured with a MKTs-25 micrometer
(GOST 6507-90).

Film disintegration time. The solubility of polymer films is the main criterion for the functional suita-
bility of this dosage form and characterizes the ability of the film to be completely absorbed by biological
body fluids. The process of dissolution of polymer films should be limited by the time required for the grad-
ual release of the active substance and ensuring its constant concentration over a given period. The dissolu-
tion time of the films depends on the hydrophilicity of the selected polymer. A sample of 1X2 cm film was
dissolved at room temperature in 2.5 ml of purified water to avoid adhesion to the wall of the glass tube, and
the time of complete dissolution of the film was measured using a stopwatch [10].

The pH of the aqueous solution was determined by the method of potentiometric determination of pH
(IP RK I, vol. 1, 2.2.3.). A film sample weighing 0.5 g was dissolved at room temperature in 50 ml of puri-
fied water, stirred, and the pH of an aqueous film solution was recorded.

This indicator allows predicting the irritant effect of the dosage form. The pH of the film should be
closer to that of an aqueous solution of fluid from a wound, fluid of the oral mucosa, pH of an aqueous fluid,
which is 6.5-7.2 [11].

Microbiological testing of film materials based on Z. bungeana CO»-extract. There are a number of re-
quirements for biomedical polymer matrices. One of them is the antimicrobial activity of the material, which
is determined by its ability to slow down the growth of microorganisms. The comparative microbiological
tests were carried out in order to study the bactericidal activity of the obtained films on the basis of the CO,
extract of Z. bungeana. As a control model, we used CPF, which exhibits antibacterial activity against
Staphylococcus aureus ATCC 6538-p and Escherichia coli ATCC 8739: these strains are sensitive to this
antibiotic. The test microorganisms were investigated by the agar diffusion method using Staphylococcus
aureus ATCC 6538-p and Escherichia coli ATCC 8739. Figure 2 shows the results of the microbiological
tests.

Staphylococcus aureus ATCC 6538-p Escherichia coli ATCC 8739

Films without active substances Films without active substances

Figure 2. Zone of inhibition of the films against Staphylococcus aureus
and Escherichia coli bacteria
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Results and Discussion

As a result of the conducted research aimed at creating orodispersephy to films, matrices were obtained,
which in appearance were films characterized by colorless or transparent, odorless, mechanical inclusions
and air bubbles, good elasticity and good adhesion. The established experimental values of the indicators
prove a satisfactory quality of the matrices as a rationality criterion for the composition of the developed
films. An optimal composition of the films with gelatin as a polymer material has been developed and quali-
ty indicators have been determined.

Based on the transdermal therapeutic system, polymeric water-dispersible films have been obtained,
which have a long-term therapeutic effect.

The results of experimental studies on the creation of medicinal films based on products of natural
origin, i.e., phytofilms dispersed in water, make it possible to develop an optimal composition of medicinal
preparations in the form of films with prolonged release of the active substance.

An elastic, homogeneous, colorless, transparent film corresponding to the technological parameters was
obtained on the basis of model No. 3 (based on MC), which has an optimal composition with respect to ede-
ma of high molecular weight substances (HMS). In films on a different basis, either slight or moderate ede-
ma was observed.

The film compositions based on PVA, based on Sodium CMC and based on Natrosol 250G (formula-
tions No. 2, No. 4, No. 5) did not meet the uniformity requirements due to the uneven distribution of parti-
cles and agglomerates formed in the sample based on sodium CMC. In addition, the degree of adhesion to
the mucous layer was low.

Conclusions

The studies carried out during the development of new drug form and obtaining the product, as well as
evaluating a number of physical, chemical and technological indicators allow making next conclusions:

— The choice of the optimal composition of the films and the assessment of the obtained orodisperse
phytofilms should be done on the basis of a number of physicochemical and technological parameters. It is
advisable to focus on the following indicators studied during biopharmaceutical research on the choice of the
films composition and during step-by-step control during the production process: film thickness — 0.15—
0.30 mm, pH of an aqueous solution — 6.0-7.2, the dissolution time is not less than 3 minutes [8], the mass
loss (moisture content) is 8—10 % during drying.

— It is necessary to take into account the relationship between the kinetics of drug release and swelling
of high molecular substances (HMS) during the choice of films optimal composition.

— Films based on Z. bungeana CO, extract have increased antimicrobial activity against the gram-
negative strain of Escherichia coli and the gram-positive strain of Staphylococcus aureus.

— Films with MC (0.1 % w/v CPF) have a high antibacterial activity of Staphylococcus aureus ATCC
6538-p and Escherichia coli ATCC 8739.

— The high antibacterial activity of the film is explained by the presence of an active pharmaceutical
ingredient in it — CO,-extract of the Z. bungeana plant with a high content of pulegon.

— The developed films have the duration of action and the accuracy of the dosage of the active sub-
stance which is advantage of such dosage forms.

— The introduction of Z. bungeana CO, extract from medicinal plant materials as the active ingredient
in medicinal films will expand the range of complex phytopreparations of the domestic pharmaceutical mar-
ket for the treatment of inflammatory diseases of the oral mucosa.
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Ziziphora bungeana eciMIiriHiH CbIFBIHABICHI HETi3iHAe AHTUMHKPOOTHI
KacHeTKe He OPoAMCcIepcTi Ka0bIKIIAJapAbI d3ipJiey

Makanana aybel3 KyBICBIHA €pPHUTIH (OPOAMCIIEPCTi) INICHKA TYPIHJACTI *aHa JOPUIIK MpenapaTThIH XKacaly
JKOJIBI YCHIHBUIFAH: MpENapaTThIH KYpPaMbIH jkacay, IUIEHKAHBI aly TEXHOJOTHSCHIH 3ipiey >KOHE OHBIH
MHKPOOKa Kapchl OEICEHIIIIrH 3epTTey. 3epTTey KYMBICHIHBIH 03eKTilr Ka3akcTaHHbIH (apManeBTHKaIBIK
HapBIFBIH/A TUICHKA TYPIHJET] Nopulik IperaparrapislH OonMaybIMEH TYCIHAmipineni. AJBIHFaH KaObIKIIa
(DU3UKO-XUMMSUTBIK JKOHE TEXHOJOTHSUIBIK KepceTKimTep OoibIHIIA OaralaHbl, OJIAPABIH HOTIDKENepi
GoiipiHIIa (UTOKAOBIKIIAHBIH OHTAMIBI Kypambl TaHzanabl. Makanaga Aopi-ZopMeKTepAl any YIIiH
Haiija]aHblIFaH MaTepruainiap, KaObIKIIaHbl aJly TEXHOJIOTHACH! XKOHE CallaHbl aHBIKTAY diCTepi: IJICHKAHbIH
pH-H aHbIKTay, KEKe eIey, MOTEeHIHOMETPHUSIIbIK aHbIKTay, TEH3HOMETPHUSIBIK XKOHE KOHIYKTOMETPHUSIIBIK,
omicrep, JKyKa KaOBIKTBI JKOHE Ta3ibl XpomaTorpadus d>xoHe Oacka oJicTep YCHIHBUIFAH. AJIBIHFAH
(uTOKAOBIKIIAHEIH ~ MHUKpOOKa Kapcel OenceHnmiumiri In  vitro karmaiipiama  jpomengeHgi.  Tecrt-
MHKpoopranusmuep perinne Staphylococcus aureus ATCC 6538-p sxome Escherichia coli ATCC 8739
maiianana OTBIPBIN, arapja JUCKTi-TuQy3apl dicrieH 3epTrenmi. bencenni 3ar Aopislik ©CIMIIK MINKI3aThI
Z. bungeana CO, CBHIFBIHIBICHI HETI3iHIE XKacajlFaH AOPLTIK KaObIKIIANapIbl OTAaHIBIK (apMaleBTHKAIBIK
HapbIKKa €HTi3y aybl3 KybICBIHBIH KaObIHY aypyJapblH eMAeyre apHaiFaH KewleHii (urompenaparrapbH
ACCOPTUMEHTIH KeHEeUTe .

Kinm co30ep: 3uszndopa Bynrenin CO,-CHIFBIHIBICHI, aybl3 KYBICHIHIAA €PUTIH AUCIEPCTi (PUTOIIICHKA,
IJICHKAa Kypambl, (UTOIUICHKA, TEXHOJIOTHSJIBIK PEXUMHIH HapameTpiepi, TeXHOJOrHs, MHKpOOKa Kapchl
OEJICeHILIIIT], TECT-MHKPOOPTaHU3MIEP.

K.A. XXamapkynoga, I'.M. I'aan, 3.b. Cakumnosa, A.A. KapaybaeBa

Pa3paboTka opoaucnepcHbIX IJIeHOK HA ocHOBe CO,-3KcTpakTa
Ziziphora bungeana ¢ aHTUMMKPOOHOI AKTHBHOCTbIO

B craTtpe mpezncraBieHa pa3paboTka HOBOTO JIEKapCTBEHHOTO IIpernapaTa B opMe pacTBOPHMOIL B ITOJIOCTH
pra (opoIucHepcUpyeMoii) IIIEeHKH: pa3paboTka COCTaBa, TEXHOJOTHHU IOJIyYEHHs, U3yYeHHE €€ aHTHMHK-
POOHOI1 aKTUBHOCTH. AKTYaJIbHOCTh Pa3pabOTKU JaHHOH JIEKapCTBEHHOW IIEHKU OOBSICHACTCA OTCYTCTBHEM
JIEKapCTBEHHBIX ITIpernaparoB B (opMme IUICHOK Ha (apmareBTHueckoM pbiHke Kasaxcrana. ITomyueHHyio
IUICHKY OLICHMBAJIM 10 Psy HU3MKO-XUMHUYECKHX M TEXHOJOTMYECKHX M0Ka3aTesei, 10 pe3yipTaTaM KOTo-
PbIX ObLI BEIOPAH ONTHMAJIBHBINA COCTaB (PUTOIICHOK. ABTOpaMH yKa3aHbl HCIIOJIb30BaHHbIE MaTePUAIbl IS
TIOTY4YeHUS JICKapCTBEHHBIX MIPEIapaToB, IpeCcTaBlIeHa TEXHOJIOTHS MX HMOJyYeHHUs W METOJBI ONPENeICHHs
Ka4ecTBa: METOJbl €AMHUYHOTO H3MEPEHHsS M HMOTEHIMOMETpUYecKoro ompenenenus pH, tenzmomerpude-
CKHMH M KOHAYKTOMETPHIECKHH METO/BI, TOHKOCIIOHHAs M Ta3oBast Xxpomartorpadus u 1p. [IporuBomMukpoOHas
aKTUBHOCTh IOJYYCHHBIX (DUTOINIGHOK JOKa3zaHa in vitro. TecT-MHKpPOOPTaHW3MBI H3ydald IHUCKO-
nudy3MOHHBIM METOJOM B arape. B KadecTBe TeCT-MHKPOOPraHH3MOB HCIONb30Banu Staphylococcus
aureus ATCC 6538-p u Escherichia coli ATCC 8739. Buenpenue CO, 3xctpakra Z. bungeana nu3 nekapcr-
BEHHOT'O PACTHTEIBHOTO ChIPbS B KaU€CTBE aKTUBHOTO MHIPEIMEHTA JICKAPCTBEHHBIX IUICHOK MO3BOJIUT Pac-
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IIUPUTH ACCOPTHMEHT KOMIUIEKCHBIX (PUTOINPENapaToB OTEYECTBEHHOrO (hapMalleBTHYECKOrO PhIHKA JUIs JIe-
YeHHsl BOCTIAIUTENBHBIX 3a00JI€BaHUI CITU3UCTOIN 000I0UKH MONIOCTH PTa.

Kniouesvie cnosa: COp-skcTpakT 3usudops! bynre, guromnenka, aucneprupyemMasl B MOJOCTH PTa, COCTaB
IUICHKH, TTApaMEeTPHI IIPOLecca TEXHOJIOTUIECKOTO PeXUMa, TEXHOJIOT U, aHTHMHUKPOOHAs aKTHBHOCTb, TECT-
MHKPOOPTaHU3MEL.
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