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ABSTRACT

This paper presents some characters and morphofdggns based on chitosan (CS) and
nifedipine (NIF) with various NIF content prepateyg solution method. The characteristic peaks
of some groups in CS and NIF in Fourier transfonfmaired spectroscopy (FTIR) spectra of the
CS/NIF films shift slightly in comparison with that the FTIR spectra of CS and NIF. This
proved that CS and NIF were interacted with eablkrotNIF dispersed in the CS matrix with the
relatively small size from 200 nm to 2 um. Therraahlysis results showed that the CS/NIF
films have less thermostable than the CS. Therediim equations of NIF were set up from data
of UV-Vis spectra and regression coefficients aiedi higher than 0.996. In vitro release study
of CS/NIF films indicated drug release rate wasaatigher in pH 7.4 solution than that in pH
6.8 solution for the samples containing 10, 30 3Mavt% NIF.

Keywords chitosan (CS), nifedipine (NIF), thermal propegsglution method, drug release.

1. INTRODUCTION

Nifedipine (NIF) with scientific name is dimethyl,8dimethyl-4-(2-nitrophenyl)-1,4-
dihydropyridine-3,5-dicacboxylat. It is a pharmatieai/calcium antagonists of the
dihydropyridine group having the effect of seleetimhibition. NIF has characters as very low
solubility, biodegradability by the photochemicalaction, ect. About pharmacokinetics, it is
rapidly absorbed from the gastrointestinal traat presents in the blood after a few minutes. Its
half-life in plasma is about 3 hours and absolutavzilability of about 50 %. There are 90 to
95 % of NIF binding with plasma protein, almost getely metabolized in the liver to
metabolites inactive. In practical application, Mi€ is used as an anti-hypertensive, anti-angina
and Raynaud treatment [1]. However, the disadvastad NIF are short half-life, low solubility
and easy release in different pH solutions. Thgsmgubiopolymers such as poly(lactic acid),
chitosan, polycaprolactone for carrying NIF prorsise overcome these limits of NIF.

Chitin is a well known biopolymer which are deriviedm materials sourced natural such
as fungus, algae or shell of the arthropod. Chit¢€:5) is obtainted by alkaline deacetylation of
chitin. In recent years, CS is used as potentidén@ds for the preparation of CS nanoparticles
because of its advantages in nanoscale. It atttdloteattention of many scientists owing to the
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positive impact on cancer patients. It is usedtanliahe field of pharmaceuticals and medicine
due to its good properties such as non — toxicjbacterial ability, high biological
interoperability, bioharmony, biodegradable abjlisnd high absorption ability [2 - 6]. CS on
drug delivery can be prepared by different methsalsh as coating, capsule shell, emulsion
cross-linking, coacervation/precipitation, sprayidg, emulsion-droplet coalescence, reverse
micellar method and solution casting, ect. [5]. fEhare many drugs which were delivered by
CS including 5-ASA, propranolol-HCI, bovine serutbbuamin, ofloxacin, paclitaxel and so on
[5].

Some manuscripts on the release of drug from @& filave published [7-10]. Bhardwaj
et al. evaluated some physico-chemical properties andviro release of the different
concentration chitosan based periodontal film ¢fafcin [7]. In vitro drug release data indicate
that the films showed an initial burst release dioktd by sustained release of the drug.
Dhanikula et al. fabricated chitosan films delivering paclitaxel #te tumor site in
therapeutically relevant concentrations [8]. Thelses released only 10 % to 15 % of loaded
paclitaxel by a burst effect under in vitro testoanditions, with lysozyme having no effect on
the release. In a recent research, Liji Jaeblal. prepared\IF patches were prepared using
polymers like CS, hydroxyl propyl methyl cellulo§ePMC), polyvinyl pyrolidone (PVP), and
polyvinyl alcohol (PVA). In vitro release studiesre conducted for NIF loaded patches in
phosphate buffer (pH 6.8) solution. Patches extibitrug release only about 20 % after 1 hours
and up to 96.52 % for 8 hours [9]. Upadrastital. prepared buccal bilayered devices with a
mixture of NIF and propranol as well as CS dispthpeomising potential for use in controlled
delivery in the oral cavity [10].

It can be seen that the study on preparation ant gowoperties of flms contains two
components CS and NIF has been not focused. Therdfos paper presents some characters
including FTIR spectra, thermal properties and rholpgy of CS/NIF films with different NIF
contents prepared by solution method. Besidesdihg release of NIF from the above CS/NIF
films immersed in solutions with different pH isalinvestigated and discussed.

2. EXPERIMENTAL
2.1. Materials

Chitosan (CS) with degree of deacetylation >77 #casity 1220 cPs, 1.61xI0a and
Nifedipine (NIF) in powder with purity> 98 % were obtained from Sigma-Aldrich, USA.
Ethanol 98 %, acetic acid 99.5 % and sodium hydiexnonobasic potassium phosphate are the
commercial products of China.

2.2.Preparation of CS/NIF films

100 mg of CS was dissolved in 10 ml of 1 % acetid & obtain solution A. 5 ml of 98
% ethanol solution containing 10 mg of NIF is smntB. Solution B was added into solution A
and the mixture was sonicated for 15 minutes t@iobé uniform solution. This solution was
poured into the petri dish and solvents were eapdrnaturally. Then, the CS/NIF film of CS
containing 10 wt % of NIF (CS/NIF10) was dried undacuum about 48 hours.

These films with proportion CS/NIF 100/30 and 1@Awere prepared similarly to
CS/NIF10 sample and abbreviated by CS/NIF30 antN{ES0, respectively.

2.3. Characterization and morphology of CS/NIF films

638



Preparation, characterization and morphology of chitosan film containing nifedipine

Fourier transforms infrared spectroscopy (FTIR)

The FTIR spectra of CS, NIF and CS/NIF films areorded on a Nicolet/Nexus 670
spectrometer (USA) at Institute for Tropical Teclmgy, VAST at room temperature by 16
scans with 4 crhresolution and wave number ranging from 400 to406".

Field emissiorscanning electron microscopy (FESEM)

FE-SEM of CS, NIF and CS/NIF films coated by platimwas conducted using a S-4800
FESEM instrument (Hitachi, Japan) at Institute cie8ce Materials, VAST.

Thermal gravimetric analysis (TGA)

Thermal property study was performed on a DTG 603imazu Co. (Japan) at Hanoi
National University of Education under argon atniase from room temperature to 6@ at a
heating rate of 18C/min.

2.4. In-vitro drug release studies

The in-vitro NIF release tests were carried outG# containing 10, 30 and 50 wt% of
NIF. Fifty milligrams of each sample was immersed100 ml of phosphate buffer solution
(PBS) at various pH (6.8 and 7.4) at ®7 and placed in a incubated shaker at 120 rpm. At
predetermined time intervals, 3 ml of aliquots weathdrawn and the concentration of NIF
released was monitored by UV spectrophotometer {RIN40, GBC, USA) at 230 nm.

The dissolution medium was replaced with fresh druffolution to maintain the total
volume. The NIF release percent can be determigeledfollowing equation:

Drug release [%] = §/Cq) x100

where C(0) and C(t) represents the amount of Ndiéad and amount of drug released at a time
t, respectively. All studies were done in triplieat

3. RESULTS AND DISCUSSION
3.1.FTIR spectra

Figure 1 shows the FTIR spectra of the CS, NIF @8dNIF10 film. It can be observed the
appearance of characteristic peaks correspondirsgrétching and bending vibrations of NH,
CH C=0, C-O groups in the FTIR spectrum of CS sa&lN-H group stretching at 3366.76tm
C-H stretching and bending at 2900, 2850 and 14635, cespectively, and asymmetric and
symmetric stretching of C-O-C group at 1081.99 &269.33 crit. Moreover, the peak of C=0O
stretching vibration in amide group is found at @8 cni* [11].

The FTIR spectrum of NIF indicates the characterigtaks of stretching vibration of some
groups including N-H group at 3330.12 tm-CH; group at 2935.82 ¢ C=0 group at
1684.47 crif, C=C group (ring) at 1645.79 ¢nC-O-C group at 1118.22 and 1227.8"cm
Besides, the peaks corresponding to bending vilirati NH, NQ and CH groups are observed
at 1538 crif, 1529.01 cm, and 1347 crh, respectively [1].

In comparison with FTIR spectra of NIF and CS,dhde clearly seen a shift of absorption
peak position of characteristic groups in CS and iNlthe FTIR spectrum of CS/NIF10 film.
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The shift of peak of C-O, C=0 and Miroup is 7 cm, 93 cnt, and 96 cm, respectively.
This may be due to the formation of hydrogen bomdl dipole-dipole interactions between CS
and NIF in CS/NIF films as our suggestion in FigRre

The FTIR spectra of the CS/NIF30 and CS/NIF50 filne similar to CS/NIF10 spectrum
so they have not been presented here.
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Figure 1 FTIR spectra of CS, NIF and CS/NIF10 film.
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Figure 2 Thesuggestiorf interactions between NIF and CS.

3.2. Morphology

Figure 3 presents FESEM images of CS, NIF and 0Sfiths. The FESEM image of
neat CS displays quite uniform (Figure 3a). NIF ey different forms with basic size from
100 to 500 nm. The NIF agglomerates together bydgeh interactions between NIF molecules
leading to agglomeration size in the range of 8 fon (Figure 3b). For the CS/NIF films, NIF
dispersed in CS matrix with small size from 200 ttmlum. The size of NIF in the matrix
increases with raising NIF content in the films. BO wt% of NIF, NIF powders are
agglomerated into the cluster with the size up fm®in the matrix.
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Figure 3. FESEM images of CS (a), NIF (b), CS/NIF10 (c), KI§B0 (d) and CS/NIF50 (e) films.

3.3. Thermal property

TG diagrams of CS and CS/NIF films are presenteBignire 4. The TG curve slope of
CS and CS/NIF films is similar. The weight lossG8/NIF films is higher than that of CS due to
poor thermal stability of the NIF (the weight lasfsNIF reached to approximate 90 % at 3Q0
[12]). When increasing NIF content in CS/NIF filmgeight loss of the samples also goes up.
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Figure 4. TG diagrams of CS and CS/NIF films. Figure 5. DTG diagrams of CS and CS/NIF
films.

Figure 5 shows differential thermogravimetry (DT@agrams of CS and CS/NIF films
and CS and CS/NIF films are degraded by a two4stepess [13]. The first step occurring in the
range of 90—-256C corresponds to the loss of absorbed water, suvfater and residual acetic
acid. The second step is attributed to the decoitiposof the saccharide circle, including
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dehydration in the saccharide structure and therdposition of acetyl and di-acetyl in chitin
occurring in the temperature range of 250-500 with maximum degradation temperature
(Tmay at 289 to 292C (Table 1) [13, 14]. When adding NIF to CS, theetrtemperature {fse)
and Tax of CS/NIF films is lower than that of CS. It cae explained by the appearance of the
defects and holes in the structure of CS/NIF fiagling to the decrease in thermal stability of CS.

Table 1.Thermal characters of CS and CS/NIF films.

Sample Tonset(°C) Tmax(°C)
CS 198.95 291.15
NIF 241.82 293.73

CSINIF10 198.21 287.09
CS/NIF30 198.20 283.68
CSINIF50 197.97 289.14

3.4. Drug release

The UV-VIS method is used to determine optical absoce of the samples at
wavenumber of maximum absorption. Based on valdiegangnized optical absorbance, the
curves exhibiting the change of optical absorbaammording to concentration of NIF in some
different pH solutions (pH 7.4 corresponding to delwum region in body where 90% of the
absorption of nutrients is taken in by the body pHd6.8 corresponding to colon region in body
where the waste products are passed out) are sdthepcalibration equations and regression
coefficients are calculated by Excel Software, ihicm x and y according to the optical
absorbance (A) and concentration (C) of NIF andslm@wn in Table 2. The obtained results
indicate that all obtained regression coefficiear® higher than 0.996. Therefore, these
calibration equations are applied to determineassd NIF content from CS/NIF films at the
different times.

Table 2.The calibration equations and regression coefftsiéR) of NIF in pH 6.8 and 7.4 solutions.

No. pH Amax | Calibration equation R
1 6.8 227 y =29913x + 0.0189 0.9966
2 7.4 229 y =17999x + 0.0114 0.9975

Figure 6 presents the NIF release percentage oE8IbIIF films (having 10, 30 and 50
wt% of NIF) immersed in pH 6.8 and pH 7.4 solutioligs clear that both formulations gave a
small different controlled release and NIF contegleased from CS/NIF samples increases
slightly. Drug release curves of CS/NIF samplesrea&rly horizontal after 2 hours immersed in
pH 6.8 solution and 5 hours in pH 7.4 solution.eAf8 hour, 10, 30 and 50 wt% of NIF loaded
samples released 50.22 %, 9.50 % and 9.52 % ofaNfH 6.8 solution, respectively (Figure
6A). In pH 7.4 solution, the NIF release of thebe\e samples after 8 hour was 44.55, 31.90
and 10.13, respectively (Figure 6B). The NIF redefaism polymer films is a rather complicated
process. It can be affected by many factors suchohgner degradation, molecular weight,
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crystallinity, the binding affinity between the poler and the NIF and so on [15]. The NIF
release rate is almost higher in pH 7.4 soluti@antpH 6.8 solution. The lower NIF release rate
in the pH 6.8 solution (acidic pH) than the pH 8dlution (alkaline pH) is attributed to the
repulsion between Hons and cations on the surface of CS, which slowrdthe hydrolysis
[15]. Compared with samples containing differenfFNiontents, it is clearly seen that NIF
releases differently. CS/NIF10 sample has NIF sdeate higher significantly than others in
both tested pH solutions. This can be explainethbybetter dispersion of NIF in CS at 10 wt%
NIF content as well as better NIF carrying abibfyCS at this ratio (90/10). The purpose of the
long-acting drug delivery systems is release rapifirst step and then is slow release. Thus, in
comparison with NIF release ability of the patcheataining NIF as mentioned in introduction
section [9], the CS/NIF10 film is suitable to prepéong-acting drug delivery systems. In three
investigated samples, CS/NIF10 and CS/NIF30 filixisiet the remarkable difference in drug
release in both pH solutions unlike to CS/NIF5&filThis may be explained by the irregularly
dispersion of NIF in CS matrix of CS/NIF50 film a&een at the FESEM images. The
agglomeration of NIF in CS matrix can limit thefdgion of NIF into solution.
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Figure 6 NIF release rate from differe@S/NIF filmsimmmersed in pH 6.8 (A)
and pH 7.4 (B) solutions.

4. CONCLUSION

NIF powder disperses in the CS matrix with sizéhmrange of 200 nm to 1um and the size
of NIF in the matrix increases with raising NIF tem from 10 to 50 wt%. CS and NIF are
interacted together owing to hydrogen bond andldipggole interactions between C-O, C=0,

OH and NH groups in CS and NIF. Thermal stabilitytee CS/NIF films was smaller than that
of the original CS.

The regression coefficients of the calibration digus exhibiting the change of optical
absorbance according to concentration of NIF agkdrithan 0.996.

NIF release rate from CS/NIF films (containing B0, and 50 wt% NIF) immersed in pH

7.4 solution is higher than that in pH 6.8 soluti@&/NIF10 has NIF release rate higher than
others in both tested pH solutions.
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TOM TAT

CHE TAO, PAC TRUNG VA HINH THAI CAU TRUC QJA MANG CHITOSAN
MANG NIFEDIPINE

Nguyén Thay Chinh, Nguyén Thi Thu Trang, Tin Thi Mai, Thai Hoang
Vién Ky thugt nhiét dgi, Vien HLKHCNVN, 8 18, Hoang Qdc Viét, Cau Gidy, Ha Ni

"Email: thuychinhhn@gmail.com

Bai bao nay trinh bay & sd dic treng va hinh thaiia mang trén€ sy chitosan (CS) va
nifedipine (NIF) \6i cac hamiong NIF khac nhaduoc ché tao hing phrong phap dungidh.
PhS hong ngai bién dbi Fourier (FTIR) cho thy cac picdic trung aia mjt s6 nhém nguyént
trong CS va NIF ith chuyn nhe so \bi cac pic trongung trén plb FTIR cia CS va NIFBiéu
nay ching © CS va NIFda trong tac Wi nhau. NIF phan tan trongn CS i kich thréc hat
turong ddi nho, tir 200 nmdén 2 um. Kt qua phan tich nhit chi ra mang CS/NIF kémén nhidt
hon CS. Plrong trinhduong chuin aia NIF duoc thiét 1ap tir dir lieu phd UV-Vis déu co 1§ 5
hoi quy I6n hon 0,996. Nghiéneu giai phong thidc cia mang CS/NIF cho iy toc do giai
phong thiéc & pH 7,4 bn hon & pH 6,8 cho4t ca cac ndu chira 10, 30 va 50 %KL NIF.

Tir khéa: chitosan (CS), nifedipin (NIF), tinh &hnhiét, phrong phap dung igh, gai phong
thubc.
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