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OBTAINING EYE FILMS BASED ON CHITOSAN

This work presents data on the study of the possibility of using the natural
polysaccharide chitosan and a synthetic polymer of polyvinyl alcohol as a
matrix for creating a polymer form in the form of a film with prolonged drug
release. Eye films based on chitosan, as well as on the basis of chitosan and
polyvinyl alcohol, have been developed by obtaining a composite injection.
The immobilization of antibiotics in polyvinyl alcohol films leads to a pro-
nounced prolongation of the antibiotic action, at the same time, it significantly
increases the penetration of the drug into the tissues and eye fluids, providing
the necessary therapeutic concentration for 1 day, which certainly becomes a
significant advantage of antibiotic administration methods. To study the yield
of drugs from polymer dosage forms, the method of UV spectroscopy was used.

The influence of the concentration of drugs on the dynamics of their
release from polymer films in «in vitroy conditions was studied. It was found
that their chitosan / PVA film has a longer release of the drug, which is in-
dicative of a prolongation effect. The results which were obtained indicate
the possibility of using a dosage form based on biocompatible high molecular
weight compounds to create therapeutic systems with a diffusion mechanism
of drug release.

Keywords: natural polymers, chitosan, polyvinyl alcohol, polymer eye
films, medicinal product.

Introduction
Creation of innovative dosage forms of prolonged action based on natural and
synthetic polymers containing immobilized drugs is a promising area of modern
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chemistry of macromolecular compounds. The use of such dosage forms, called
macromolecular therapeutic systems (Drug Delivery Systems), eliminates a num-
ber of disadvantages inherent in most traditional pharmaceuticals used in modern
medicine, such as short-term pharmacological action and high toxicity [1-4].

The use of high molecular weight compounds as carriers of physiologically
active substances allows you to achieve a better therapeutic effect due to long-
term maintenance of the optimal concentration of the drug in the body, reduce
the course dose, eliminate the irritating effect and overdose of drugs, makes it
possible to create systems for controlled release and targeted transport of drugs
to the field of pathology [5-7].

Among the polymer carriers used in immobilization processes, natural poly-
saccharides are of the greatest importance - high molecular weight compounds
built from monosaccharide elementary units interconnected by glycosidic bonds
and synthetic polymers. Polysaccharides include various derivatives of cellulose,
dextran, chitosan, pectic and alginic acids, agarose, etc. This class of biopoly-
mers is one of the most widespread in nature, characterized by availability, high
biocompatibility, the presence of reactive functional groups that easily enter into
various chemical reactions, as well as high hydrophilicity [8-11].

Much attention is paid to the use of chitosan and polyvinyl alcohol as a
polymer carrier in pharmaceutical and ophthalmic practice.

Depolymerized chitosan with MM 3.5-250 kDa and SD 70 % can be used in
the form of a complex with medicinal substances as a carrier providing sustained
release of the medicinal substance. The modified chitosan complex is used as a
delivery system in tablets, films, powders, matrix systems, as coatings or films on
implants. To obtain drugs with prolonged release of a drug substance, structured
chitosan is used [12—14].

Another effective material for the production of eye films turned out to be a
synthetic water-soluble polymer, polyvinyl alcohol (PVA) [15]. Polyvinyl alcohol
(PVA) is a polymer compound that cannot be obtained by polymerization of the
corresponding monomer — vinyl alcohol CH,CHOH, which does not exist in a
free state.

Immobilization of antibiotics in PVA films leads to a pronounced prolonga-
tion of the antibiotic action and significantly increases the penetration of the drug
into the tissues and eye fluids, providing the required therapeutic concentration for
1 day. In this respect, PVA films have a significant advantage over other methods
of antibiotic administration. The experiment also showed the possibility of obtain-
ing more elastic immobilized preparations of pilocarpine on PVA by introduc-
ing glycerol into the composition. Ophthalmic films with prolonged release of
pilocarpine 20 pg or 40 pg are prescribed in cases where 3—4 times instillation of
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pilocarpine per day is not enough to normalize intraocular pressure. Ophthalmic
films with pilocarpine provide control of intraocular pressure for 1 day, while the
induced myopia developing during the first hours decreases rapidly and usually
does not exceed 0.5 diopters [16].

Materials and methods

Methods for obtaining new polymeric eye films based on chitosan. 1.5 %
chitosan was dissolved by heating in 0.1 M hydrochloric acid. Place the beaker
on a magnetic stirrer until the complete dissolution of chitosan. The calculated
amount of the immobilized 5-fluorouracil preparation (125 mg / g and 250 mg /
g) was added to the obtained filtered polymer solution with stirring. The solution
was poured into a Petri dish and placed on a horizontal surface for 2-3 days at
room temperature. The resulting dry films were carefully removed from the mold
and immersed in 5% NaOH solution to neutralize residual hydrochloric acid, and
then washed with ethanol to remove excess NaOH. Film size 1 * 8 * 0.35mm?’.

Obtaining a polymer eye film based on chitosan and PVA. 1.5 % chitosan was
dissolved by heating in 0.1 M hydrochloric acid. Place the beaker on a magnetic
stirrer until the complete dissolution of chitosan. In a separate glass, 8 % PVA was
dissolved in distilled water. Added to a 1.5 % chilled solution of chitosan. The
polymer ratio is 75:25, respectively. The calculated amount of the immobilized
5-fluorouracil preparation (125 mg / g and 250 mg / g) was added to the obtained
filtered polymer solution with stirring. The solution was poured into a Petri dish
and placed on a horizontal surface for 2-3 days at room temperature. The result-
ing dry films were carefully removed from the mold and immersed in 5 % NaOH
solution to neutralize residual hydrochloric acid, and then washed with ethanol
to remove excess NaOH. Film size 1 * 8 * 0.35mm’.

UV spectra of aqueous solutions of medicinal substances were recorded on
an Evolution 300 UV / VIS spectrophotometer (USA) in a quartz cuvette with a
thickness of 10 mm. The drug concentrations were determined using calibration
curves plotted from the absorption maxima characteristic of 5-FU. UV spectro-
scopic study of the release of drugs from polymer dosage forms was carried out
by determining the change in absorption at a fixed wavelength at different time
intervals.

The thermal properties of the films were studied by thermogravimetric analy-
sis (TGA) using a Mettler Toledo TGA / SDTA 851 instrument (Switzerland).
Thermogravimetry is a method that allows you to determine the change in the
mass of a substance during its controlled temperature treatment. TGA was carried
out in the temperature range from 50 to 500 © C with a heating rate of 5 °C / min.

To determine the kinetics of drug release from the polymer form, a special
device was used, which consisted of a metal basket, a thermostatted glass, and a
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mechanical stirrer. The yield of the preparations was studied under in vitro condi-
tions. For this, a certain number of films were placed in a metal basket immersed
in 50 ml and 70 ml of water (respectively), Ringer- Locke solution, or physiologi-
cal saline at room temperature or at 37 ° C. A constant stirring rate of the release
medium (100 rpm) was provided using a magnetic stirrer, and temperature control
was maintained using a flow cell. At regular intervals, 2 ml of the solution was
taken to determine the drug content using UV spectroscopy.
The diffusion coefficients of drugs from the dosage form were calculated
using equation (2).
M/M, = 4(Dt/nl*)*? @)
D =(M/M,)’ I’'n/4t 2)

where: D — diffusion coefficient, m 2 / sec;] — membrane thickness, m;
t — time, sec;
M, — the amount of diffused drug during time t;
M, — the equilibrium amount of the drug.

Results and discussion

The most widely used dosage forms in ophthalmology are eye drops (solu-
tions, suspensions), ointments and gels, and eye films.

The search for new dosage forms that allow less frequent administration of
a drug without reducing the therapeutic effect is of great scientific and practical
interest. The use of prolonged forms of the drug reduces the possibility of drug
overdose and the negative effect of frequent instillation, and also frees the patient
and medical personnel from frequent manipulations. In this regard, the develop-
ment and application of ophthalmic medicinal films (OMF) would be a rational
solution to the problem of prolonged therapeutic action and dosed intake of ef-
fective antibiotics into the eye tissues.

Polymer eye films occupy a special place in the field of medical grade poly-
mers. Unlike other dosage forms, medicinal films allow you to prolong the effect
of eye agents, more accurately dose their amount, and reduce the consumption
and toxic effect of the drug.

In order to determine the prolonging properties, the release of 5-FU from
chitosan and chitosan / PVA films was studied at various drug concentrations (50,
100, and 150 mg / g) under in vitro conditions (Figure 1.2, respectively). Table 1
shows the release data for 5-FU from the chitosan film.

Table 1 — Parameters of 5-FU release from chitosan films

Time, min ‘ Cl, % ‘ C2,% ‘ C3,% ‘Average concentration‘
12
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1 2 3 4 5

0 0 0 0 0,0
15 6,178 21 21 16,06
30 24,849 30,5 30,5 28,6
60 24,906 37,5 38 33,47
90 25,043 44 43 37,35
150 40,662 46 46,5 4438733
180 51,897 55 54,5 53,80
210 54,568 56 57,5 56,02
240 55,515 58,5 59,5 57,84
270 59,954 64,4 64,5 62,95
300 67,72 69,5 69,5 68,91
330 72,975 74 75 73,99
360 72,884 80 80 77,63
390 80,006 84 83,5 82,50
420 91,785 88,7 89 89,83
450 100 95 95 96,67

The process was studied by UV spectroscopy based on the characteristic ab-
sorption maximum of the drug at A =266 nm. The amount of 5-FU was determined
by the calibration graph of the dependence of optical density on concentration.

Freshly prepared Ringer-Locke solution was used as the release medium.

Boimeamnii npenapar, % .
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Figure 1 — Release of 5-FU from chitosan films at various drug concentrations,
mg/ 1 g: 1-50; 2-100; 3-150

The values of the diffusion coefficients for the films, calculated at the initial
stage of release, are in the range of 7.5-8.3 x 10-6 cm?/ s for all three concentra-
tions, which indicates that there is no significant effect of drug loading on the rate
of drug release from the films.
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Figure 2 — Release of 5-fluorouracil from chitosan / PVA films

It was found that the drug from chitosan films completely diffuses into the
Ringer — Locke solution within 6-7 hours, and from chitosan / PVA films within
14-15 hours without undergoing any changes. It was shown that these chitosan
films containing 5-FU have a short-term therapeutic effect, which necessitates its
frequent administration.

In order to determine the sterilization ability of polymer films, their thermal
stability was studied. Figure 3 shows the TGA diagram of chitosan/ PVA films
containing 5-FU.
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Figure 3 — TGA diagram of chitosan / PVA of films containing 5-FU

Analysis of the TGA diagram of polymer films showed that thermal destruc-
tion of the films begins at a temperature of 200 ° C. In general, the process of
destruction takes place in the temperature range 200°-380 °C.

Thus, it has been established that polymer films containing 5-fluorouracil
can be sterilized in an autoclave.

Conclusion

Thus, the obtained polymer dosage form in the form of a film can be used in
scientific research practice as a theoretical material in the development of other
effective polymer forms with a controlled and prolonged therapeutic effect.
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XHUTO3AH HEI'I3IHJIE KO3 IINTEHKAJIAPBIH AJTY

Byn oricympicma mabueu nonucaxapud Xumosanobvl HcoHe NOAUSUHUT
CRUPMIHIY CUHMEMUKATBIK, NOTUMEDIH MaAmpuya peminoe OSpLiK 3ammbiH
V34K yaKuim 66iHyiMeH KaObiKuia (NieHKa) mypiHoe dcacay ywin mampuya
peminoe naoanany MymMKIiHOIZIH 3epmmey mypasivl MoniMemmep 3epmmenin,
Keamipineen. Xumosau He2i3iHOe, COHOAU- AK XUMO3AH MeH NOJUBUHUIL
chupmi He2i3inoe Ko32e apHanean KabblKuanap KOMnOSUYUAIbIK UHbEKYUAHbL
any apkwlavl dlcacanean. Ilonueunun cnupminiy nienkaiapvblHoaz2sl
AHMUOUOMUKIMEPOIH UMMOOUTUZAYUACHL AHMUOUOMUK SCEPIHIH AlIKbIH
y3apyviHa oxenedi, conbiMer Oipze npenapammoily 0eHeze JHCoHe KO3
CYUbIKMbI2bIHA eHYIH e0ayip apmmulpadsl, OIp moyuiK iuwinoe Kaxcemmi
mepanesmix KOHYEHMpayusHbl KaMmamacol3 ememini anvlkmanowl, Oy
coe3ci3 anmubuomuxmepoi eneizy 80iCmepiHiy Manbl30bl apmMbIKUbLIbIZbL
bobin maobwinaosl. Honumepni dopinik hopmanapoan 08pinix 3ammapobiy
wibigyvln sepmmey ywin Y®-cnekmpockonus 90ici KoN0aHwliobl.

opinik 3ammap KOHYeHMpayusACbIHbIH O1aPObIH «IN Vitroy dcaz0aiioazbl
noaumepai KabvlKuaiapoau 061iHy OUHAMUKACBIHA ocepi 3epmmendi.
Onapoviy xumosan/ NOTUGUHUI CRUPMI NIEHKACLIHOA Npenapam y3azulpak
beniHemiHi anbIKMaiobl, Oyl 63 Al0bIHA Y3apmy ocepin Kepcemeoi. AnviHaan
Homudicenep 08Pk 3ammapoviy OeniHYIHIY oupdysusnbik mexanusmi oap
mepanesmix Jcytienep Kypy ywin Ouo- yunecimoi sco2apbl MOAEKYIANbIK,
KocbLiblcmapea He2iz0eneeH 09piliK hopmarsl KONOAHY MyMKiHOI2IH 0onienoen,
Kepcemeoi.
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HHOJYYEHME I'JTABHBIX IIJIEHOK HA OCHOBE XUTO3AHA

B nacmosweu pabome npedcmasnensvi 0aHHble NO U3YUEHUIO
B03MOICHOCIU UCTIONBL30BAHUS NPUPOOHO20 NOIUCAXAPUOA XUMO3AHA U
CUHMEMUYECKO20 NOUMEPA NOTUBUHUTIOBO20 CRUPIMA 8 KA4eCmee Mampuybl
0n1s1 cO30anUs NOAUMEPHOU POpMbL 8 8UOe NIEHKU C NPOJIOHSUDYEeMbIM
8b1C6000JICOeHUEM TleKapcmeenHo2o npenapama. Paspabomanul enasznule
HIEHKU HA OCHOBE XUMO3AHA, d MAKICE HA OCHOBE XUMO3AHA U NOUBUHUTOB020
CRUpma nymem NOJYHeHUsi KOMHOZUYUOHHO20 66edenust. mmodunusayus
aHMUOUOMUKO8 8 NIAEHKAX NOAUBUHUIOB8020 CHUPMA NPUBOOUM K
BbIPAICEHHOMY NPOJOH2UPOBAHUIO OeUCMBUs AHMUOUOMUKA, 8Mecme C
mem, 8 3HAUUMENLHOU CMENeHU Y8enuuusaem npoHUKHOBEHUe Npenapama
8 MKAHU U HCUOKOCTU 211a3, 00eCcneyusas HeoOXo00UMYI0 MepanesmuiecKyro
KOHYyenmpayuio 6 meuenue 1 cymox, umo 06e3yC108HO CMAHOBUMCA
SHAUUMENLHBIM NPEUMYIECTNBOM CROCOOAMU B8EOEHUS AHMUOUOMUKOS.
s uzyuenus evixo0a npenapamos u3 NOAUMEPHBIX JEKAPCMEEHHbIX (Popm
npugnexiu memoo Y@-cnekmpockonuu.

H3yueno enuanue KonyeHmpayuu npenapamos Ha OUHAMUKY UX
BbLCBOOOINCOEHUS U3 NOTUMEPHBIX NIIEHOK 8 YCIIOBUAX «iN Vitroy. Ycmanoeneno,
umo 0 xumosanogou / [IBC naenku nabmodaemcs Oonee OnumenbHbill
8bIX00 JIEKAPCMEEHHO20 npenapama, ceudemenbcmeyrowuil 06 s¢hgpexme
npononeayuu. Tloryyennvle pesyiibmanmsl cBUOeMeIbCmMayion 0 03MONCHOCIU
UCNONb306AHUS IEKAPCMBEHHOU POPMbL HA OCHOBE OUOCOBMECTNUMBIX
8bICOKOMONEKYIAPHBIX COCOUHEHULl 0 CO30aHUsl 1e4eOHbIX cucmem ¢
Ouphy3UOHHBIM MEXAHUZMOM 8bICE0D0IHCOCHUA TEKAPCMBEHHBIX CDEOCS.

Kniouesuie crosa: npupoouvie nonumepbl, Xumo3aH, nOIUSUHULOGHILL
CRUpM, NOTUMEPHbLE 2NIA3HbIE NIEHKU, IeKAPCMEEHHbLI NPenapam.
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