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ABSTRACT

Chitosan-g-AMPS was synthesized using free radical initiators and characterized by FTIR, PXRD,
SEM and TGA analysis. The 2-acrylamido-2-methyl-1-propane sulphonic acid (AMPS)
concentration has been optimized from 3.5 x 10? to 19.5 x 10 mol dm™ to get maximum grafting
of AMPS monomer onto chitosan. The FTIR spectral analysis proves the successful grafting and
the PXRD spectra reveals the increase in crystallinity due to grafting of AMPS. SEM images
exposed that smooth form of chitosan was changed into porous and fluffy structure after grafting.
The cumulative drug diclofenac sodium release was studied in colonic medium. Delivery of drug
was 13% and 55% during 4 h of assay in gastro-enteric and colonic system respectively and
chitosan was dissolved about 53% and 65% in gastro-enteric and colonic system, respectively. The
drug release behavior depends on the pH of medium as well as on the nature of beads, and AMPS
grafted chitosan shows slow release of diclofenac sodium.
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INTRODUCTION

In recent years much attention is given on the modification of natural polysaccharides. The
development of modified polysaccharides used as a drug binder has concerned large consideration
in pharmacology and biochemistry because of their biodegradability, biosafty and sustainability.*
Many reports are available on the functionalization of synthetic polymers using chitosan.*® The N-
heterocyclic chitosan derivative based gel are applicable as biomedical candidate.” The chitosan
and silver oxide based nano composite film have efficiency towards antibacterial activity.® It was
also reported that the blend of chitosan and poly n-vinyl pyrrolidone with titanium oxide
nanoparticles showing the high efficacy towards for pathogenic bacteria and found non toxic
towards N1H3T3 and L929 fibroblast cells used in wound care.” Chitosan is a hydrophilic
biopolymer which is derived by deacetylation of chitin under alkaline hot conditions,® which is
one of the most abundant natural biodegradable and biocompatible polymer. Chitin is an important
constituents of animals especially exoskeletons of crustaceans, mollusks and insects. It can also be
obtained from certain cell wall of fungi.™® Recently, it has been reported that some new
derivatives of chitosan with lauric acid and capric acid are used in drug delivery and also as
antibacterial agent .***°

The chitosan was chemically modified in order to progress its solubility and widen its applications
in food and medical.*** Among the various methods of modification, graft copolymerization has
been the most widely used method. Grafting of chitosan allows the formation of functional
derivatives by covalent binding of a molecules, onto the chitosan backbone. Grafted chitosan is
very beneficial for improving the properties such as increasing chelating,? adsorption properties,®*
bacteriostatic effect,”® complexation properties.?® The grafting of various useful monomers onto

27,28 and

chitosan modifies its properties such as mucoadhesivity, biocompatibility,
biodegradability.”® However through chemical modification and purification complex
polysaccharides can be used as flocculants, viscosifiers and matrices for sustained controlled drug
release *° and grafting plays a significant role in this regard. Therefore, the synthesis was based on
free radical mechanism which is a simpler, highly reproducible and well accepted according to the
standards of green chemistry.®* The grafted polysaccharides is an important medium for controlled
release of drugs. Hence, the present study has been conducted for grafting the AMPS onto chitosan
by free radical polymerization and making its use for better drug delivery system in colon. In this

study, an attempt was made to develop beads of diclofenac sodium using sodium alginate as the
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hydrophilic carrier and graft copolymer of chitosan with AMPS as drug release modifiers in

various proportions to overcome the drug related adverse effects, improve drug bioavailability.
MATERIALS AND METHOD

Materials

All the chemicals used in this study were of analytical grade. The chemicals chitosan, AMPS,
PMS, sodium alginate were purchased from Sigma Aldrich and calcium chloride, thiourea were
procured from Himedia Chemicals. The diclofenac sodium drug used for drug delivery studies was
obtained from Ranbaxy Pvt. Ltd., India as a gift sample. Triple distilled water was used for
preparing all the solutions.

Method of Graft copolymerization

The graft copolymer of chitosan with AMPS has been synthesized using the radical initiator via
free radical graft copolymeization process.®3* Grafting reactions were carried out in 100 ml
polymerization flasks by dissolving calculated amount of chitosan in 2% acetic acid solution in
triple distilled water. The calculated amount of AMPS and thiourea were added into the reactor
and a slow stream of oxygen free nitrogen gas was passed for 30 min. A known amount of
deoxygenated potassium peroxy monosulphate solution was added to initiate the reaction. The
polymerization reaction was carried out with the continuous flow of oxygen free nitrogen gas at
desired temperature. After desired time period the reaction was stopped by letting air into reactor.
The graft copolymer was precipitated by pouring the reaction mixture into the water-methanol
mixture. The precipitated graft copolymer was filtered and then dried in vacuum to constant
weight.

Characterization of chitosan and grafted chitosan

FTIR spectroscopy

The grafting on polymer backbone was confirmed by FT-IR. The infrared spectra of chitosan and
grafted chitosan were recorded in the range from 4000 to 500 cm™ by Perkin Elmer FTIR
spectrophotometer. Presence of different functional groups as well as molecular structure of
polymer can be obtained from infrared spectroscopy.

X-ray diffraction (XRD) analysis

X-ray diffractometry analysis of crude and grafted chitosan samples was done in powder form
from x-ray diffractometer (JDX 3532, JEOL, Japan). The diffraction angle range of observation
was 5-60° with a scan step of 0.01.

Scanning electron microscope (SEM) analysis
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The surface morphology of beads, chitosan before and after grafting in powder form was evaluated
by SEM analysis using scanning electron microscope (Model: JSM5910).

Preparation of beads

The beads were prepared according to the technique of ionotropic gelation method. The blend
solution contained 2.0% (w/v) sodium alginate and polymer with mass proportions of 1:2, 1:3 and
1:4. Firstly the certain amount of sodium alginate was dissolved in 30 ml of distilled water at 40°
C under mechanical stirring for 5 min; the certain polymer powder and 2%(w/v) of drug
(diclofenac sodium) was added into the solution and mixed homogeneously. The two type of blend
solution was prepared one for grafted chitosan and another for ungrafted chitosan under stirring at
40° C for 20 min. Lastly the blend solution was dripped through a 21 gauge injection needle into
the 100 ml solution of 2% (w/v) calcium chloride solution; spherical and smooth beads were
formed under mechanical stirring for 20 min; gently washed the beads with distilled water three
times and dried under vacuum at 40-C.

In vitro study of Drug release

The in vitro drug release study of particles was performed through the Hanson SR8 dissolution
station, using basket apparatus. In vitro study of a drug release profile provides the most sensitive
and reliable information of drug.* For the stimulation of gastric and enteric media 900 mL of 0.1
M HCI (pH 1.2) and 0.5 M phosphate buffer (pH 7.4) were used at 37°C with stirring rate 50 rpm.
About 20 mg of diclofenac sodium containing particles were filled in gelatin capsule and placed in
basket, 5 mL of sample was withdrawn after appropriate time intervals and drug release was
assayed using spectrophotometer at 276 nm. Each experiment was conducted in triplicates. After
2h in gastric medium the basket was removed and placed immediately in 900 mL of the 10 mM
phosphate buffer (pH 7.4) after that 5 mL of sample was withdrawn after appropriate time
intervals and used for evaluating release profile of diclofenac sodium drug release using

spectrophotometer .
RESULTS AND DISCUSSION
Graft copolymerization: Synthesis of Chitosan-g-PAMPS

Mechanism:
The system containing chitosan, PMS, AMPS, thiourea and hydrogen ion; the protonated

species of thiourea (isothiourea) reacts with potassium peroxymonosulphate to form complex.
Subsequently, this complex dissociates, to generate free radicals (R* = R;S* and SOZ_).

These radicals are represented by R*, abstract hydrogen atom from the chitosan molecules
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producing chitosan macro free radicals (CO®). The monomer molecules which are at close
proximity of the reaction sites becomes acceptors of the chitosan radicals resulting in chain
initiation and thereafter themselves becomes free radical donor to neighboring molecules. In
this way grafted chain grows. These grafted chains terminated by coupling to give graft
copolymer. The following steps are proposed for mechanism of graft copolymerization of AMPS
onto chitosan using PMS/thiourea redox pair.

Radical Formation

HoN HoN
\C—S + M ———— N
ALY H —— N /C—SH
HoN H,N
Thiourea (R1S) Isothiourea (R;SH)

R;SH + HSO: Complex
Complex — R,S* + H,0 + SO;”

H,N
c—S

N\

where, R® = R;S® or SO, and R;S°=

HoN
Amidinosulfenyl free radical
Initiation
COH + R® —— CO®* + RH

M + R* —— RM®

where, CCPI T 1 T T (Hitcsan
M T TING e

Propagation

CO®* + M —— COM;

COMj+ M —— COM}
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Termination

COM; + COM; [ Graft copolymer

COM; + RMj [ Graft copolymer

Determination of grafting Characteristics

The grafted co-polymer was characterized according to Fanta’s definition .*

Grafting ratio (%G) = wel\g/;\:lt.o;tgr?fteg pioli/mer x 100
eight of substrate

Grafting Efficiency (%E) = vve_lght of grafted polymer x 100
weight of polymerformed

Add on (%A) _ we_lght of synthetic polymer « 100
weight of grafted copolymer

Conversion (%C) _ weight of polymerformed < 100

weight of monomercharged

Homopolymer (%H) = 100 — % Grafting efficiency

Determination of optimum reaction condition

To determine the optimum reaction condition for the grafting of AMPS onto chitosan using PMS
/thiourea redox pair, graft copolymerization reaction was carried out under different conditions of
reaction time, temperature, concentration of PMS, thiourea, chitosan and AMPS. The optimum
temperature and time for maximum %grafting ratio was found to be 45°C and 150 min.
respectively. The variation of AMPS concentration was given in details in the Table 1.

Effect of 2-acrylamido-2-methyl-1-propane sulphonic acid (AMPS) concentration

The effect of AMPS on graft copolymerization has been studied by varying the concentration
of AMPS from 3.5x1072 to 11.5%x10 mol dm™ and results are given in Table 1. It has been
observed that the %G, %C and %A increase on increasing the concentration of AMPS from
3.5x107 to 19.5x102 mol dm™ and this increment might be due to the greater availability of
monomer molecule at the close proximity of polymer backbone. The monomer molecules,
which are at the immediate vicinity of the reaction sites becomes acceptor of Chitosan radicals
resulting in chain initiation and thereafter it becomes free radical donor to the neighbouring

molecule (monomer) leading to lowering the termination.
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Table 1: Effect of AMPS Concentration

[H+] = 3.0x10° mol dm™ [Chitosan] = 1.0 gdm™

[PMS] = 8.0x10°mol dm™ [TU] = 5.0x10° mol dm™

Temp. = 45°C Time = 150 min
S.No. [AMPS]x 10°moldm® %G %A %C
1 35 1433 57.8 16.6
2 7.5 170.0 62.9 20.4
3 115 194.6 659 21.7
4 15.5 225.0 69.0 437
5 19.5 2450 71.4 358

Characterization of chitosan —g-PAMPS graft copolymer

FTIR spectral analysis

FTIR spectra of the chitosan and chitosan-g-PAMPS are shown in Fig. 1 line A and line B,
respectively. In the spectrum of chitosan, the OH stretching frequency occurred with broad peak at
3421 cm-1 due to strong hydrogen bonding with moisture, while in chitosan-g-PAMPS no
absorption is observed for —OH stretching (line B). The peak at 2928 (line A) and 2920 cm-1 (line
B) are due to C-H stretching vibration of chitosan and grafted chitosan, respectively. Two bands
appeared in line B at 1660 and 1549 cm-1, due to C=0 stretching (amide-I band) and N-H
bending (amide-11 band), respectively, which indicates the grafting of AMPS onto chitosan. In the
line A, two bands were observed at 1422 cm™ and 1383 cm™, due to bending vibration of methyl
and methylene group of chitosan backbone, the absorption occurred in the range of 1680 to 1480
cm™ due to carbonyl group of secondary amide (1644 cm™ ) and protonated amine group (1595
cm™) (line A). The band appeared at 1322 cm™ (line A) confirms the presence of glycosidic
linkage (C—O—-C) of chitosan, while O-H bending vibration occurred at 1253 cm™. The two peaks
observed at 1398 and 1206 cm™ (line B) are due to asymmetric and symmetric stretching of S=0O
group of AMPS, respectively, while the strong stretching absorption in the region of 1042 to 882
cm* represent S-O—C group of AMPS, indicating the grafting of MAPS onto chitosan (line B).
The appearance of additional peaks at 1660, 1549, 1398, 1206, 1042 to 882 cm—1 in graft

copolymer (line B) indicates the successful grafting of AMPS onto chitosan.
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Figure 1: FTIR Spectra of (A) chitosan and (B) chitosan-g-PAMPS
X-ray diffraction (XRD) analysis

500400

The formation and quality of compounds were checked by X-ray diffraction (XRD) spectrum.

Chitosan is a partially crystalline natural polymer, crystallinity is mainly formed due to the

accumulation of linear chains in the structure. After comparing the XRD spectra of chitosan and

graft copolymer of chitosan with AMPS (Figure 2), shows improvement in crystallinity, which

clearly indicates that the chitosan-g-PAMPS are more crystalline polymer than chitosan polymer.

80

70

60 |

50

Intensity
B
o

30 f

20 F

10

Chitosan-g-PAMPS

Chitosan

15 25 35 45 655 65 75
2 Theta (%)

Figure 2: X- ray diffraction of chitosan and chitosan-g- PAMPS
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Scanning electron microscope (SEM) analysis

Chitosan and chitosan-g-PAMPS:

In order to understand the graft copolymerization, SEM photographs of crude and grafted chitosan
are shown in Figure 6a and 6b respectively. Chitosan usually exists in a globular form and the
particles of native chitosan before grafting are small with rough surface morphology . SEM
analysis of grafted chitosan showed less roughness as compared to crude chitosan which may be
due to removal of impurities. There was a specific distinction in the structure of the synthesized
grafted chitosan and ungrafted chitosan. The surface of grafted products clearly indicate the
morphological changes drafted by grafting chitosan which has been changed to porous and fluffy
structure from nonporous form.

Beads:

The scanning electron micrographs of dry beads are shown in figure 3cand 3d.

The surface morphology of beads formed using chitosan and five different graft copolymers of
chitosan was studied. The SEM picture of two samples of graft copolymers a and b are shown in
figure 3c and 3d respectively. The surface morphology of the beads shows that beads are almost
spherical with non porous smooth surface in both the sample of sodium alginate beads with graft

copolymer.
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Mage 800X Nime 130842 - Tirew 113900
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X90

Figure.3: Scanning electron micrographs of (a) Chitosan and (b) Chitosan-g-AMPS (c) beads
of diclofenac sodium using chitosan-g-PAMPS (sample a) and (d) beads of diclofenac sodium
using chitosan-g-PAMPS (sample b)

In vitro drug release studies:

For this study diclofenac sodium drug which is a non-steroidal anti-inflammatory agent used in
long-term therapy for rheumatoid arthritis. It is poorly soluble in water and acidic pH but is rapidly
soluble in alkaline pH. From the formulations of chitosan-g-PAMPS with sodium diclofenac,
chitosan was taken as a reference and we compared drug release profile in colonic and gastro
interic medium (Figure 4 and 5). The particles of the formulations containing chitosan-g-PAMPS
demonstrated slow drug release in gastro-interic system in comparison to colon, 6% of drug was
then dissolved from chitosan-g-AMPS b, 5% from chitosan-g-AMPS ¢, 4% from chitosan-g-
AMPS d, 3% from chitosan-g-AMPS e, however; a slight release (2%) of drug was released by
chitosan-g-AMPS f . Strong control over drug release was presented by chitosan-g-AMPS f where
23% drug released was observed for chitosan matrix ( Fig 4 and 5). In colonic system during first
hour assay, dissolution was 30% for chitosan-g-AMPS b, 28% for chitosan-g-AMPS c, 26% for
chitosan-g-AMPS d, 24% for chitosan-g-AMPS e and 22% for chitosan-g-AMPS f. The samples
containing AMPS grafted chitosan have released more drugs in colonic medium than in gastric
medium with a more effective release control. Delivery of drug was 13% and 55% during 4 h of
assay in gastro-enteric and colonic system respectively and chitosan was dissolved about 53% and
65% in gastro-enteric and colonic system, respectively. The slowest release of drug might be due
to the binding of chitosan-g-PAMPS which resulted in less swelling of the formulation particles.
The chitosan-g-PAMPS f: sodium diclofenac was proved to be the best formulations because it
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demonstrates stronger control over the drug release. From these drug release profiles, it is apparent
that grafting plays a vital role because drug release is more sustained with chitosan-g-PAMPS f
having highest grafting percentage. Due to increased grafting, number of graft chains increased
and as a result of this more effective intermingling of chains occurs that does not allow the rapid

erosion rate of formulation. Hence slower rate of drug release of enclosed drug has been observed.

100

80

60 <

40

Cumulative % Release

20

—
-
-

o L L] L] L L\l

1 2 3 4 5 6 ( 4 8 9
Time (hr)

Figure 4: In vitro release of diclofenac sodium drug in colonic medium
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Figure 5: In vitro release of diclofenac sodium drug in gastric medium
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The diclofenac sodium beads is a three-dimensional network composed of chitosan -g-PAMPS
and sodium alginate in which chitosan -g-PAMPS is used as carriers for the slow-release of
sodium diclofenac drug. It has been observed that with increasing the pendent chain of PAMPS on
to chitosan the release of drug becomes slow because pendent chain may give the longer path for
the migration of diclofenac sodium from graft copolymer matrices to the buffer solution in

comparison to chitosan matrices.
CONCLUSION

In this study chitosan-g-PAMPS graft copolymer was prepared using free radical initiator for drug
delivery. No cytotoxicity was recorded by the chitosan and its graft copolymer. The in vitro drug
release showed that the grafted copolymer to the diclofenac sodium resulted in higher control drug
released in different pH media. In colonic medium drug release was high as compare to gastric
medium, however comparatively high drug release was observed in basic medium in colonic
system.
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