Available online on www.ijddt.com
International Journal of Drug Delivery Technology 2016; 6(2); 47-51

ISSN: 0975 4415
Research Article

Crosslinked Chitosan/PVA Film, Suturated with 5- Fluorouracil for
The Prevention of Proliferative Vitreoretinopathy

Baiyrkhanova A%"4, Ismailova A'?, Botabekova T4, Enin E°, Semenova Y?3

YInstitute of Chemical Sciences, Kazakh-British Technical University, Almaty, Kazakhstan
2Kazakh Leading Academy of Architecture and Civil Engineering
3Semey State Medicine University, Semey, Kazakhstan
4Kazakh Science Research Institute of Eyes Disease, Almaty, Kazakhstan
SNational scientific surgery center of A. N. Syzganov of MHC RK, Almaty, Kazakhstan

Available Online:13™ April, 2016

ABSTRACT

5-Fluorouracil (5-FU)-loaded chitosan (Ch) film for chemotherapy were prepared applying a superhydrophobic surface-
based encapsulation technology. The aim of this study was to develop polymeric film with glutaraldehyde (GA) of con-
trolled drug delivery systems for 5 — fluorouracil (FU) as a model drug for the treatment of proliferative vitreoretinopa-
thy. Polymer film of chitosan and polyvinyl alcohol (PVA in 75:25 ratios were prepared and treated with GA. FTIR spec-
tra of 5-FU, Ch/5-FU and Ch/PVA film loaded 5-FU were studied. Physical characteristics such as thickness and swell-
ing coefficient of the film were performed. The thermal of the Ch/PVA film was studied with thermogravimethric analy-
sis. The drug loading efficiency, film size and chemical compositions of the film loaded drug were confirmed by UV-vis
spectrophotometer and Fourier transform infrared spectroscopy. In vitro release kinetics of drug from the polymeric films
was investigated to determine the drug release properties. In vivo study of PVR was showed the efficacy and no toxicity
of this formulation. Further uses of the film loaded 5 - fluorouracil may provide an efficiency deliverable for ophthalmic

administration.
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INTRODUCTION

Fluorouracil (5-FU is a cytotoxic agent that is a pyrimi-
dine analog known for its widespread use as potentially
effective drugs against postsurgical proliferative vitre-
oretinopathy. However, due to toxicity its clinical use is
limited substantial evidence has demonstrated that 5-FU
could also harness the host immune system to prevent
cancer progression. The ability of 5-FU to reduce fibro-
blast proliferation and subsequent scarring has made it
one of the most often used antimetabolites in ophthalmol-
ogy*®. Chitosan (Ch) is a widely used polysaccharide in
pharmaceutical formulations due to its combination prop-
erties such as bioactivity, biocompatibility, biodegrada-
bility, water binding capacity and nontoxicity®’. Chitosan
has shown many applications in medicine, biomaterials
and drug controlled release systems®!l. Poly vinyl alco-
hol (PVA) is a water-soluble synthetic polymer. Because
of the film-forming ability, biocompatibility, nontoxicity,
high hydrophilicity and good chemical stability the stud-
ies on diffusive permeability of solutes in PVA films
have been reported'®!3, Intermolecular interaction be-
tween chitosan and PVA in the blends and Ch/PVA blend
has good mechanical properties have been reported®*:8,
The preparation methods of Ch/PVA films treated with
glutaraldehyde (GA) have been studied®®. In this study the
blended films were characterized by FTIR. The thermal

of the Ch/PVA film was studied with themogravimethric
analysis (TGA). The aim of the present work is to inves-
tigate release of 5-FU from crosslinked Ch/PVA film, the
properties and structures of the films.

MATERIALS AND METHODS

Experimental

Chitosan 70% deacetylation, with molecular weight of
3.5-250 kDa was purchased from Sigma-Aldrich (USA),
sodium hydroxide (NaOH), hydrochloric acid were used
without further purification. PVA with molecular weight
of 90 kDa was purchased from Sigma-Aldrich (USA) and
was used without further purification. Pharmaceutical
grade fluorouracil - 5-fluoro-2,4-(1H, 3H)-
pyrimidinedione - was produced by "Grindeks" (Latvia).
Sodium chloride, potassium chloride and calcium chlo-
ride was purchased from Biopharma (Ukraine). Glutaral-
dehyde and distilled water were used in this experiment.
Glutaraldehyde was used as cross-linked agent.
Preparation of Ch/PVA blended blank film

Initially 1,5% w/w of chitosan solutions were prepared in
1% (v/v) hydrochloric acid and 8% PVA solutions were
prepared by dissolving in 80°C distilled water with stir-
ring for 4-5 h. The weight ratio between Ch and PVA is
75:25. This solution was further cross-linked with 0.05
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Table 1: The experimental groups and periods of enucleation.

Type of surgery Group  Periods of enucleation
7hday 14™day 28" day
OD - partial pars plana vitrectomy + polymer film loaded 250 mg/g of 5-FU 1main 3eyes 3eyes 3eyes
OS — partial pars plana vitrectomy + polymer film loaded 500 mg/g of 5-FU 2main  3eyes 3eyes 3eyes
Intravitreal 19 G knife injured control 2eyes 2eyes  2eyes
Table 2: 5-FU release from the cross-linked Ch/PVA film.
Total Time, Concentration, Amount of Amount of Amount Total amount Cumulative
volume, h pg/mi 5FU  taken, 5FU missingin found, pg of FU, pg release of
ml Hg the sample, ug 5FU, %
70 1 26,749 0 0,000 1872,43 1872,430 11,539
70 5 48,975 53,498 53,498 3428,25 3481,748 21,457
70 10 108,963 97,95 151,448 7627,41 7778,858 47,939
70 15 156,622 217,926 369,374 9248,505 9617,879 59,273
70 20 166,232 313,243 633,617 10516,24 11149,857 68,714
70 25 183,812 332,464 934,081 10626,84 11560,921 71,247
70 30 144,036 367,624 1237,705 12042,52 13280,225 81,843
70 35 173,336 288,072 1581,777 12133,52 13715,297 84,524
70 40 180,184 360,368 1934,145 12332,88 14267,025 87,924
70 45 176,416 360,368 2286,513 12069,12 14355,633 88,471
70 50 162,932 352,832 2631,345 12245,24 14876,585 91,681
70 55 139,156 325,864 2981,209 12260,92 15242,129 93,934
70 60 157,848 278,312 3331,521 12449,36 15780,881 97,254
days at 20-40°C until residual moisture was of 5-7%.
lOO'*ksgwaWW 1100 Polymer composite film loaded 5-FU was carefully re-
LS —+—G moved from the cup and placed in a sterile plastic bag.
80 - '*% 1 80 The dry films were immersed in 5% NaOH solution to
H X%, neutralize hydrochloric acid residues, and then washed
£ £ with ethanol to remove excess NaOH. After rinsing with
2 S 1% excess distilled water, the films were air dried for 24 h.
= 1& Prepared film was characterized for swelling coefficient.
40+ k) 4 40 Implants of size 8 x 1 x 0,35 mm3 were formed from pol-
'%,k ymer film.
0l . Mkkkakaxkammx 1 20 Thlckne§s uniformity test _ .
" Film thickness was measured using Micrometer (MK
Y rereereeseserenere . 102, Russia), with the unit measured count of 0.01 mm.
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Figure 1: TGA curves for the crosslinked Ch/PVA films

wt% of GA. The film was cast onto glass moulds by cast
ing method and solvent evaporation technique. Prepared
film was characterized for swelling coefficient. Polymer
composite film was carefully removed from the cup and
placed in a sterile plastic bag. The dry films were im-
mersed in 5% NaOH solution to neutralize hydrochloric
acid residues, and then washed with ethanol to remove
excess NaOH. After rinsing with excess distilled water,
the films were air dried for 2-3 days.

Preparation of Ch/PVA blended film loaded 5-FU

Films were prepared by the solution casting method using
fluorouracil (250 mg/g (0,05 ml) and 500 mg/g (0,1 ml),
2% Ch solution (containing 1% v/v hydrochloric acid),
and 8% PVA solution (in distilled water) were mixed
with intense stirring for 4-5 h. This solution was further
cross-linked with 0.05 wt% of GA. The mixture was
poured on the horizontal glass surface and dried for 2-3

Thermal properties of the films

Thermal properties of the films were investigated by
thermogravimetric analysis (TGA) on the instrument
Mettler Toledo TGA/SDTA 851 (Switzerland). TGA was
carried out in the temperature range from 50 to 800°C at a
heating rate 5°C/min.

Fourier transform infrared spectroscopy (FTIR) meas-
urement

FTIR spectra of samples palletized with KBr were ana-
lyzed at room temperature using a Nicolet 5700 IR spec-
troscopy (USA). The peak variation of adsorption be-
tween 4000 and 500 cm™ were detected.

Design of in vivo tests

Biomedical tests were conducted in accordance with the
order of the Chairman of the Pharmaceutical Control of
Health Ministry of RK from 13 November 2013 protocol
No. 2 "On approval of the list of recommended drugs to
conduct biomedical tests". 10 chinchilla rabbits (range of
weight from 2,5 to 3,5 Kg) at the age of 4-6 months were
used. Surgery was performed on the operating micro-
scope "LOMO". Series of histologic cuts were carried out
with by hematoxylin and eosin staining, according to
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Figure 2: FTIR spectra of a) 5-FU, b) the crosslinked Ch film loaded 5-FU and c) the crosslinked Ch/PVA film loaded 5-

Figure 3: A — chitosan film in structures of an eye; B — vitreous body; C — ciliary body

Wang — Gizon and threechrome Masson methods. The
paraffin sections were tested with a microscope Leica
DMA4000 using a phase-contras filter, followed by photo
graphing with camera Leica DFC320.

Evaluation of in vitro 5-FU release studies

In order to determine the prolonged properties in vitro the
release of 5-FU from cross-linked Ch/PVA films was
investigated. The drug release was determined using
UV/VIS spectroscopy (Evolution 300, USA) at 266 nm in
guartz cuvettes with thick of 10 mm at 37°C in Ringer-
Locke solution. Ringer-Locke solution - a standard iso-
tonic solution 6.5 g NaCl, 0.42 g KCl, 0.25 g CaCl; and 1
mole of sodium bicarbonate is dissolved in one Liter of
distilled water.

Design of in vivo tests

The research was approved by ethical committee of
Semey State Medicine University. Implantation into the
intravitreal implant of Ch/PVA film loaded 5-FU was
produced in amounts of 250 mg/g and 500 mg/g, with

deducing them from the experience with subsequent enu-
cleation in different periods (7™, 14" and 28™ days). Dis-
tribution eyes of experimental animals in groups and pe-
riod enucleation was presented in Table 1.

RESULTS AND DISCUSSION

Thermal properties of the films

In figure 1 the TGA curves for the crosslinked Ch/PVA
films were shown. The initial decomposition temperature
of Ch/PVA films was at about 295 + 5 °C. Compared
with the Ch/PVA film to the Ch/PVA film treated with
GA, there was no significant effect on initial decomposi-
tion temperature. The maximum peak temperature of the
crosslinked Ch/PVA films shifted from about 300°C to
400 °C. The maximum decomposition temperatures of the
crosslinked Ch/PVA films are higher than films without
GA treatment. The TGA curves level off at about higher
than 500°C. Compared to the Ch/PVA films, the wt. %
loss was lower for the crosslinked Ch/PVA films. The
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Figure 4: FU release from the crosslinked Ch/PVA films

crosslinking with GA would result in the increase of the
maximum decomposition; whereas the thermal stability
of Ch/PVA film is reduced when it is crosslinked with
GA.

IR spectra analysis

FTIR spectra of 5-FU, the crosslinked Ch film loaded 5-
FU and the crosslinked Ch/PVA film loaded 5-FU were
displayed in Figure 1a, b, c, respectively. The main peaks
were observed in 5-FU spectrum at 3084 cm™! (N-H
stretching), 1689 cm™! (C=0 stretching), 1250 cm™!(C=C
stretching) and 1180 cm™'(C—F bond) (Fig. 2a). The ab-
sorbance at 3127 cm™! in the Ch film loaded 5-FU spec-
trum showed the peaks of the O-H stretching from chi-
tosan and the N-H stretching from 5-FU that superim-
posed with each other. The C=0 stretching at 1683 cm™!
which occurred in Ch film spectrum also revealed the
presence of Ch and 5-FU that the lie over each other. The
absorbance at 1247 ¢cm™! (C=C stretching) and at 1172
cm™! (C-F bond) detected the occurrence of 5- FU in film
spectrum (Fig. 1b). In the Ch film treated with GA the
amount of -NH- group on the film decreased, which re-
sulted from the reaction between GA and —NH; group,
and the N-C bond changed into -N=C bond. The FTIR
spectrum of Ch/PVA film loaded 5-FU (Fig. 1c) showed
the absorption peaks at about 3134 cm™' the O-H) stretch-
ing from chitosan, the O-H stretching from PVA and the
N-H stretching from 5-FU that superimposed with each
other and at about 1664 cm™! for the C=0 group of PVA
which occurred in Ch/PVA film loaded 5-FU spectrum
also revealed the presence of Ch, PVA and 5-FU that the
lie over each other. Figure 1c also illustrated the effect of
GA on the chemical structure of the Ch/PVA film. A de-
crease in the absorption peaks at OH and C-O groups in
PVA found; whereas a strong absorption peak at 1090
cm! for the -C-O—-C group was shown. The overall re-
sults confirm the synthesis of the Ch/PVA film loaded 5-
FU.

The results of in vivo tests

When studying influence of chitosan film, saturated with
5-FU, on eye structures, in terms from 7 to 28 days the
macroscopic changes in both main groups wasn't re-
vealed. Distinctions were revealed at histological research

of enucleated eyes. In both groups the lack of inflamma-
tory reaction is noted, there was no formation of a con-
nective tissue and macrophages. Toxicity neither in the
first, nor in the second main groups morphologically
wasn't confirmed (there is no lysis of an internal bounda-
ry membrane). In the second main group the lysis of
erythrocytes, which left the vascular course during opera-
tion, was quicker and without development of connective
tissue and inflammation. In the first main group a small
proliferative activity was noted, in the second was absent.
Evaluation of in vitro FU release studies

In vitro release kinetics of 5-FU from the cross-linked
Ch/PVA film was investigated to determine the drug re-
lease properties. It was established that the release con-
sisted of three main stages: water sorption by a film and
its swelling, the drug diffusion in a film at the phase inter-
face “polymer system-environment” and the drug diffu-
sion in the solvent volume. To determine the influence of
drug loading on its release kinetics, polymer films were
loaded with 250 mg/g and 500 mg/g of 5-FU. Compared
with 250 mg/g to 500 mg/g of 5-FU, there was no signifi-
cant effect on cumulative release of drug. Obtained re-
sults showed that the drug was diffused practically com-
pletely into Ringer-Locke solution within 60-70 h (Fig.4).
The obtained release parameters are presented in Table 2.
A novel Ch/PVA film treated with GA was prepared by
direct blend process and solution casting method. This
investigation studied the properties of the crosslinked
Ch/PVA films loaded 5-FU in amounts of 250 mg/g (0,05
ml) and 500 mg/g (0,1 ml). The effects of stock Ch/PVA
concentration, the treatment of GA on the structure and
thermal property of Ch/PVA films were characterized
with FTIR and TGA. The FTIR analysis confirmed the
successful introduction of 5-FU in film. From the results
it was concluded the thermal stability of the films in-
creases with the treatment of GA. The evaluation of the
permeation of 5-FU through the chitosan was conducted
in this study. In vitro drug release could be resulted that
the drug was diffused from of the crosslinked Ch/PVA
films after 70 h. According to results of morphological
research, toxic action from intravitreal injection of chi-
tosan film, saturated with 5-FU (0,05 and 0,1 ml) in ex-
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periment wasn't observed. Some proliferative activity was
revealed after implantation of the chitosan film saturated
with 0,05 ml 5-FU.

DISCLOSURE

There are no potential conflicts of interest related to the
contents of the article. No any pharmaceutical agency
was involved in the study design, collection, manage-
ment, analysis, interpretation of the data, writing of the
manuscript, and decision to submit the manuscript for
publication.

ACKNOWLEDGEMENTS

This work was supported by Institute of Chemical Sci-
ences of the Republic of Kazakhstan and R. Cimdins Riga
Centre for Biomaterial Innovation and Development, Ri-
ga Technical University. Biomedical tests of obtained
films were carried out jointly with the staff of the Nation-
al scientific surgery center of A. N. Syzganov of MHC
RK, Almaty, Kazakhstan and Kazakh Science Research
Institute of Eyes Disease, Almaty, Kazakhstan.

REFERENCES

1. Abraham LM, Selva D, Casson R, Leibovitch I. The
clinical applications of fluorouracil in ophthalmic
practice. Drugs. 2007; 67:237-255.

2. Shapiro MS, Thoft RA, Friend J, Parrish RK, Gressel
MG. 5-Fluorouracil toxicity to the ocular surface epi-
thelium. Invest Ophthalmol Vis Sci. 1985; 26:580—
583.

3. Knapp A, Heuer DK, Stern GA, Driebe WT, Jr. Seri-
ous corneal complications of glaucoma filtering sur-
gery with postoperative 5-fluorouracil. Am J Oph-
thalmol. 1987; 103:183-187.

4. Araie M, Nakano Y, Akahoshi T. Effects of subcon-
junctival 5-fluorouracil injections on the corneal endo-
thelium and ciliary epithelium.Graefes Arch Clin Exp
Ophthalmol. 1990; 228:573-581.

5. Leon JA, Britt JM, Hopp RH, Mills RP, Milam AH.
Effects of fluorouracil and fluorouridine on protein
synthesis in rabbit retina. Invest Ophthalmol Vis Sci.
1990; 31:1709-1716.

6. M. Rinaudo, Chitin and chitosan: properties and ap-
plications, Prog. Polym. Sci. 31 (2006) 603-632.

7. S. Y. Jeong, SW. Kim. Biodegradable Polymeric Drug
Delivery Systems, Arch. Pharm. Res., 9, 63-73
(1986).

8. H. Sashiwa, S. Aiba, Chemically modified chitin and
chitosan as biomaterials, Prog. Polym. Sci. 29 (2004)
887-908.

9. R. Jayakumar, N. Nwe, S. Tokura and H. Tamura,
Sulfated Chitin and Chitosan as Novel Biomaterials,
Int. J. Biol. Macromol., 40, 175-81 (2007).

10.S. Dumitriu, Polysaccharides as Biomaterials, Poly-
meric Biomaterials, 2" Ed., New York (2002) pp. 1-
61.

11.P. Laurienzo, Marine Polysaccharides in Pharmaceuti-
cal Applications, An Overview, Mar Drugs, 8, 2435-
65 (2010).

12.CC Yang, SJ Chiu, WC Chien, SS Chiu, Quaternized
poly (vinyl alcohol)/ alumina composite polymer
membranes for alkaline direct methanol fuel cells, J.
Power Sources 195 (2010) 2212—-2219.

13.JW Rhim, HB Park, CS Lee, JH Jun, DS Kim, YM
Lee, Crosslinked poly (vinyl alcohol) membranes con-
taining sulfonic acid group: proton and methanol
transport through membranes, J. Membr. Sci. 238
(2004) 143-151.

14.B. Smitha, S. Sridhar, A.A. Khan, Synthesis and char-
acterization of poly (vinyl alcohol)-based membranes
for direct methanol fuel cell, J. Appl. Polym. Sci. 95
(2005) 1154-1163.

15.S. Liang, L. Liu, Q. Huang, K.L. Yam, Preparation of
single or double-network chitosan/poly (vinyl alcohol)
gel films through selectively cross-linking method,
Carbohydr. Polym. 77 (2009) 718-724.

16.B Smitha, S Sridhar, AA Khan, Chitosan—poly (vinyl
pyrrolidone) blends as membranes for direct methanol
fuel cell applications, J. Power Sources 159 (2006)
846-854.

17.Y Xiong, QL Liu, QG Zheng, AM Zhu, Synthesis and
characterization of cross-linked quaternized poly (vi-
nyl alcohol)/chitosan composite anion exchange
membranes for fuel cells, J. Power Sources 183
(2008) 447-453.

18.ES Costa Jr, EF Barbosa-Stancioli, WL Vasconcelos,
HS Mansur, Preparation and characterization of chi-
tosan/poly (vinyl alcohol) chemically crosslinked
blends for biomedical applications, Carbohydr.
Polym. 76 (2009) 472-481.

19.CX Xu, RY Chen, X Zheng, X Chen, Z Chen, Prepa-
ration of PVA-GA-CS/PVA- Fe-SA bipolar mem-
brane and its application in electro-generation of 2,2-
dimethyl-3-hydroxypropionic acid, J. Membr. Sci. 307
(2008) 218-224.

1JDDT, April 2016 — June 2016, Volume 6, Issue 2

Page 51



