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Synthesis of pH-Sensitive CMC /Chitosan Hydrogels by Gamma

Irradiation
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Abstract: Gamma irradiation was used with different dosages to prepare hydrogels from carboxymethyl cellulose (CMC)
and chitosan (CHI) with different ratios, in presence of different methylene bisacrylamide (MBA) concentrations as a
crosslinking agent. The hydrogels were characterized by FT-IR spectroscopy which confirmed complexation between
carboxylic group in CMC and amino group in CHI. The swelling behavior in different buffers of different pH values was
also studied. The results indicated the formation of network structure of pH-sensitive hydrogels. The CMC/CHI hydrogels
were evaluated for the possible use in drug delivery field, in which the release profile of aspirin, as a drug model, was
investigated. Scanning electron microscopy was carried out before and after aspirin release proving the drug release.
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INTRODUCTION

The use of natural biopolymers for diversified
applications in life sciences has several advantages,
such as availability from replenishable agricultural or
marine food resources, biocompatibility and biodegrad-
ability. They are more environmentally friendly than
synthetic polymers. In recent years, there has been
growing interest for preparation of new types of smart
hydrogels for several applications using natural
polymers such as polysaccharides. Hydrogels were
first reported by Wichterle and Lim [1] in 1960. It is
worth noting that the hydrogels have wide potential
applications in the fields of food, biomaterials, agri-
culture, water purification, etc. Recently, scientists have
devoted much energy to developing novel hydrogels for
applications such as biodegradable materials for drug
delivery [2,3], tissue engineering [4,5], sensors [6,7],
contact lenses [8,9] and purification [10].

Among a wide variety of hydrogels we have
polyelectrolyte complexes (PECs). They are mixtures
of positively and negatively charged polymers blended
at the molecular level [11, 12]. PECs are being
developed in many fields, including tissue engineering,
separation membranes and drug delivery [13]. Due to
the specific pH range occurring at physiological,
pathological, or subcellular sites such as stomach,
intestine, endosome/lysosome, and tumor sites, pH
sensitive hydrogels are the most widely used stimulus
in environmentally responsive hydrogels. For this
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purpose, the most suitable polymers are those bearing
weak polyelectrolyte (polyacid, polybase) or polyam-
pholyte sequences. pH-sensitive polymers rely on the
protonation/deprotonation equilibrium, which depends
on the pKa of the acidic and/or basic moieties present
in the polymer. Therefore, a pH sensitive polymer can
be charged (yielding a swollen state) or uncharged
(vielding a hydrophobic/collapsed state) depending on
the pH of the environment [14, 15].

Chitosan (CHI) is a biocompatible and biodegrad-
able cationic polysaccharide. As chitosan can form thin
membranous films, it may be used in packaging [16],
encapsulation and drug delivery systems [17, 18]. The
potential use of CHI as a material for preparation of
polyelectrolyte systems with a wide variety of water-
soluble anionic polymers was studied for wide range of
applications [13, 19-21]. Chitosan possesses many
favorable biological properties, such as capability to
enhance drug permeability and absorption at mucosal
sites [22].

Carboxymethyl cellulose (CMC) is an anionic linear
polymer in which an original H-atom of the cellulose
hydroxyl group repeat wunit is replaced by a
carboxymethyl substituent, -CH,COOH. CMC is used
for preparing a wide range of biocompatible and pH
sensitive hydrogels [23-26]. Additional researches have
been reported in the literature on grafting some
monomers onto CMC using variable initiation systems
and for different purposes including medical and
pharmaceutical applications [27-29]. CMC is classified
as a good entrant for preparing polyelectrolyte complex
hydrogel by mixing with another cationic polysaccha-
ride like CHI. These polyelectrolytes display swelling
behavior and pH response and have good potential to
be applied for the drug delivery systems [30].
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Chemical crosslinkers like glutaraldehyde and
methylene bisacrylamide (MBA) are used to enforce
the structure and the stability of polyelectrolyte
hydrogels over a wide pH range [31-34]. This
enforcement happens mainly by introducing new
molecules between the polymeric chains to produce
cross-linked chains.

The application of gamma radiation technique does
not necessitate the inclusion of chemical initiators of
any sort; however, it can be used to remove any
residual initiator that is present after other conventional
polymerization processes which act as an undesirable
contaminant [35]. The gamma rays have very high
penetrative power and the dose of radiation can be
varied from 5 to 100 rad /sec. CMC hydrogels obtained
by this method own typical anionic hydrogel swelling
properties with high water absorption ability and good
biodegradability. On the other hand, they have very
poor mechanical strength in the hydrated state, which
greatly limits many applications. Therefore, the addition
of a crosslinker is favorable to restore the mechanical
properties.

Lugao [36] reviewed the application of radiation in
preparing hydrogels. It was shown that the radiation
technique is a commanding tool for producing
chemically pure hydrogels with enhanced properties.
Moreover, the process is easy to control and flexible.
So far, hydrogels obtained by radiation crosslinking
have found applications in many fields, such as
biomedical devices [37], wound dressing [38, 39] and
controlled release of drug [40, 41]. In such applications,
the biodegradable and biocompatible polymers are
usually desired. Liu et al. [42] also studied the
crosslinking of CMC using ®co v - radiation technique
to form hydrogel. Effect of preparation conditions on
crosslinking of CMC and swelling behaviors of the
hydrogel at different conditions were discussed.

In the last decade, increasing concentration has
been given to the controlled drug delivery systems,
which offer a probable benefit over conventional drug
therapy. The hydrogels that are sensitive to external
stimuli are often referred to as intelligent hydrogels.
Among these, pH-sensitive hydrogels have been
extensively investigated for the potential use in the
delivery of drugs. Zhu et al. [43] entrapped drug-loaded
microspheres (berberine hydrochloride in alginate
microspheres) into carboxymethyl chitosan (CMC)
hydrogel to form a new drug-delivery system.

The aim of this work is to evaluate CMC/CHI
hydrogel as a drug delivery system. Herein, the

hydrogel synthesis was carried out in presence of MBA
as chemical crosslinker and gamma radiations with
different doses. The processing factors affecting the
swelling characteristics of CMC/CHI, pH sensitivity as
well as the optimal conditions for their preparation was
elucidated. The release profile of aspirin as a model for
drug was studied in two consecutive buffer solutions of
pH 2.1 and 7.4, similar to that of gastric and intestinal
fluids, respectively.

MATERIALS AND METHODS

Chitosan, microcrystalline of molecular weight
100.000 - 300.000 and deacetylating grade 70 - 85%
was purchased from Acros. Carboxymethyl cellulose
sodium salt (high viscosity) and other chemicals
reagents and solvents are of analytical grade and are
used without purifications. N,N’-methylene bisacryl-
amide, (MBA) C7H1oN,0,, 98%, is obtained from Merck
chemical Co. with the following specifications:
M.wt=154.17 g/mol, mp=185°C and d= 1.00 g/cm®.
Acetylsalicylic acid (Aspirin) is obtained from Winlab,
with M.wt=180.16 g/mol.

Buffer Solution

A buffer solution was prepared from a mixture of
phosphoric acid (54.0 mmol), boric acid (40.0 mmol)
and acetic acid (42.0 mmol); then adjusted to the
required pH value by drop wise addition of 0.2 N NaOH
solution.

Preparation of CHI/CMC Polyampholytic Hydrogel

1 and 2% CHI solutions were prepared by
dissolving chitosan in 2% aqueous acetic acid solution.
Also, 1 and 2% CMC solutions were prepared by
dissolving CMC in distilled water. CHI/CMC hydrogels
were prepared by mixing the polymers in different
weight ratios, namely 1:1, 1:2 and 2:1 in presence of
different concentrations (0.1, 0.2 and 0.3%) of MBA as
crosslinker. Each mixture was placed into small vial
glass tubes and subjected to gamma irradiation at
room temperature. The source of irradiation used for
initiating the crosslinking was Cobalt-60 gamma cell
3500. This source is located at Middle Eastern
Regional Radioisotopes Center for the Arab countries
(Dokki, Cairo). The dose rate was 0.6 Gy/min. The
formed hydrogel was filtered, washed by distilled water
to remove unrestricted polymer chains and dried at
40°C till constant weight.

Equilibrium Swelling

The equilibrium swelling of the hydrogel was
measured in distilled water. A weighed sample of the
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hydrogel was immersed in distilled water until
equilibrium swelling was attained. The weight of the
hydrogel was determined after removal of the surface
liquid using tissue paper. The percent swelling was
calculated by the following equation:

%Swelling=100[(W-Wo)]/Wo

Where W, is the initial weight and W, the final
weight of the film at time t.

Aspirin Loading and in Vitro Release

The CHI:CMC (2:1) hydrogel prepared at 1% MBA
and irradiated by 2.6 kGy was chosen for drug release
study. Aspirin loading was carried out by impregnating
the prepared CHI/CMC hydrogel in 5% aspirin solution.
After swelling equilibrium, the gel was taken out, dried
and reweighed to determine the amount of aspirin
uptake. The in Vitro release studies were performed in
the buffer solution at pH 2.1 and 7.4 for the different
polymers concentrations (1 and 2%). Accurately
weighed amounts of hydrogels were placed in covered
glass vials containing 10 ml of buffer solution. Samples
of 100 ul were withdrawn at specific time intervals for a
total period of 24 h and replaced with the same amount
of distilled water. Each sample was measured at Amax
292 nm in a spectrophotometer. Aspirin concentration
in the unknown samples was measured using a
calibration curve created by known aspirin
concentration solutions.

Infrared Spectrophotometer (IR)

FTIR analysis was carried out using Mattson 5000
FTIR spectrometer in the range of 4000-600 cm™. The
samples were pressed as tablets with KBr.

Scanning Electron Microscopy (SEM)

The surface morphology of the hydrogels was
examined with JEOL JXA-840 electron probe
microanalyzer. Samples were coated with gold under
vacuum and then examined.

RESULTS AND DISCUSSION

Carboxymethyl cellulose and chitosan are poly-
saccharides that have a variety of functional groups. It
is well known that -NH; groups in chitosan and -COOH
groups in CMC work as cationic and anionic parts,
respectively, to form inter-macromolecular complex
through the strong electrostatic and hydrogen bonding
interactions between these groups. 7y radiation in

presence of MBA was used to extend the interaction
between the two polymers.

Being typically degradable polymer, chitosan is
unable to crosslink itself under irradiation. On the other
hand, it was found that crosslinking of CMC can be
induced by ionizing radiation under highly
concentrated, paste-like conditions [23, 24]. In the
present work, the presence of chitosan is believed to
play an important role in gel formation process. The
role of chitosan in crosslinking can be considered in
two cases. In the first, chitosan may act as a sort of
additional crosslink points by ionic interaction or
hydrogen bonds. In the second case, the presence of
chitosan stimulates the formation of radicals or sustains
the life of radicals longer during irradiation, which
resulted in high efficiency of gel formation in CMC.

1. Effect of Gamma Irradiation Dosage on Swelling
%

The equilibrium degrees of swelling of the
CHI/CMC hydrogels with different CMC:CHI ratios and
various concentrations of MBA as a function of gamma
irradiation dose are presented in Figures 1-3. The
swelling curves indicated a typical swelling- dose
relationship. All figures show that by increasing the
gamma irradiation dose from 2.6 to 3.5 and further to
5.2 kGy, the swelling% decreased in all samples. The
results can be explained on the basis that when the
irradiation dose increases, the crosslinking density
between the polymer chains increases. This restricts
the extension of the chains of the prepared polymer
and decreases the swelling of the hydrogel.

Therefore, the optimum irradiation dosage selected
and fixed in further experiments was at 2.6 kGy.
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Figure 1: Effect of irradiation dosage on swelling % of
hydrogel formed at MBA 0.1, 0.2 and 0.3% and CMC: CHI
ratio 1:1
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Figure 2: Effect of irradiation dosage on swelling % of
hydrogel formed at MBA 0.1, 0.2 and 0.3% and CMC: CHI
ratio 1:2
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Figure 3: Effect of irradiation dosage on swelling % of
hydrogel formed at MBA 0.1, 0.2 and 0.3% and CMC: CHI
ratio 2:1.

2. Effect of CHI:CMC Ratio on Swelling %

Figure 4 shows the effect of chitosan content on the
swelling % of the prepared hydrogels. The experiments
revealed that by increasing chitosan content in the
hydrogel, the swelling % gradually increased. The
maximum swelling % (404) was attained at 66%
chitosan content; i.e. 2:1 CHI:CMC ratio. This may be
either because chitosan may act as a sort of additional
crosslink points by ionic interaction or hydrogen bonds
or because the presence of chitosan stimulates the
formation of radicals or sustains the life of radicals
longer during irradiation, which resulted in high
efficiency of gel formation in CMC, as mentioned
before.
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Figure 4: Effect of chitosan content on swelling % of
hydrogel formed at Gamma ray dosage 2.6kGy and MBA 0.1,
0.2 and 0.3%.

3. Effect of MBA Concentration on Swelling %

The swelling% as a function of MBA concentration
was investigated for crosslinked CHI /CMC hydrogel.
As shown in Figure 5, by increasing MBA concentration
from 0.1 to 0.3%, the swelling % decreased from 380 to
341. The increase in percentage of MBA caused a
decrease in the swelling capacity because it led to a
higher crosslinking density and therefore decreased the
spaces between the polymer chains and consequently,
the resulting highly crosslinked rigid structure of
hydrogel could not expand and hold a large quantity of
water [26].
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Figure 5: Effect of MBA concentration on swelling % of
hydrogel formed at Gamma ray dosage 2.6kGy and different
chitosan contents.
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4. Effect of Polymers Concentration

The swelling property of the prepared polyampho-
lytic hydrogel from CHI/CMC was investigated at 1%
and 2% for both polymers. The reaction mixture was
run at 2.6 kGy irradiation dose after adding 0.1% MBA.
As seen in Table 1, the increase in both chitosan and
carboxymethyl cellulose concentration from 1 to 2%
resulted in a high increase in the swelling % due to the
increase of the number of functional groups and
consequently increasing repulsion thus expansion of
the network. By increasing the % of CMC and/or CHI
than 2%, the high viscosity of the polymer’s solutions
hindered the ionic interaction between CHI and CMC
chains.

Table 1: Effect of CMC and CHI Concentration on
Swelling % of Hydrogels at CMC:CHI =1:2,
Radiation Dosage 2.6 kGy and Different MBA
Concentrations

% MBA Swelling% of 1% CMC Swelling% of 2% CMC
and 1% CHI and 2% CHI
0.1 404 1851
0.2 391 1700
0.3 380 1569

5. Effect of pH

For the characterization of the response of
chitosan/CMC hydrogel to the change in the external
pH condition, hydrogel samples were allowed to swell
to equilibrium in an aqueous swelling medium of pH 2,
3,5, 6, 7and 8 at 25 °C. The effect of the external pH
on the swelling behavior of hydrogels is given in Figure
6. From this figure, it is clear that at low pH, the sample
that contained the highest amount of chitosan
(CHI:CMC 2:1) showed maximum swelling value.
Positively charged chitosan at a low pH showed a high
swelling because of the repulsive force between the
same positive charges of molecules causing long
intermolecular distances and a greater hydrophilic state
[27]. It is known that a high concentration of a charged
ionic group in gel increases swelling because of charge
repulsion and osmosis [28].

On the other hand, the highest swelling % value
was attained for the sample containing the greatest
amount of CMC (CHI:CMC 1:2) in the swelling medium
of pH 8. That is mainly due to the presence of the
carboxylic acid groups on carboxymethyl cellulose
hydrogel which became progressively ionized (COQO").
In this case, the hydrogel swelled more significantly

due to a large swelling force created by the
electrostatic repulsion between the ionized acid groups
[29].

The amphoteric hydrogel can act as a polyanionic
or polycationic hydrogel depending on the pH value. In
our case, the amino groups (-NH;) on CHI in CHI/CMC
hydrogel are protonated to become -NH;" in acidic
solution, while the carboxyl groups on CMC remain as -
COOH, so it behaves as a polycationic hydrogel that
swells in acidic medium. Conversely, the carboxyl
groups in the CHI/CMC hydrogel are ionized to —-COO"
in basic solution, but the amino groups remain in their
original uncharged form to give a polyanionic hydrogel,
which swell in basic medium [34].
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Figure 6: Effect of pH on swelling % of hydrogel formed at
different weight ratios of chitosan and CMC.

6. FT-IR

FTIR spectra of chitosan, CMC and various
chitosan /CMC hydrogels prepared under different
conditions are shown in Figure 7. The characteristic
peaks of chitosan are located at 3450 cm™ assigned to
hydroxyl groups, 1636 and 1560 cm™ for the amide
groups. The amino groups have a characteristic band
in the region 3500-3400 cm™, which is overlapped by
the OH band. FTIR of CMC shows characteristic bands
located at 3424, 1607 and 1059 cm™ for hydroxyl,
carboxyl and ether groups, respectively.

According to Wanchoo and Sharma (44), any
interaction between chemical groups or unlike
polymers should theoretically cause a shift in peak
position of the participating groups. Our results indicate
incidence of interactions between the functional groups
in chitosan (amino and amide) and the functional
groups in CMC (OH and COOH), as shifts in the
corresponding bands are recognized.
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Figure 7: FTIR spectra of (a) chitosan and CHI/CMC formed at chitosan % 50, Gamma ray dosage 2.6 kGy, MBA 0.1%, and

polymer initial concentrations 1% (b) and 2% (c).

7.Drug Release

Since hydrogels have high permeability for water
soluble materials like drugs, the most common
mechanism of drug release in the hydrogel systems is
diffusion. Factors like polymer composition, water
content, and crosslinking density are used to control
the release rate and release mechanism from
hydrogels. The release kinetics of a loaded hydrogel is
closely related to its water sorption kinetics [31] as it
has been already established that a highly swelled
hydrogel should release a greater amount of solute
entrapped within the gel. The release of solute from
loaded gel involves the absorption of water into the
matrix and simultaneous release of solute via diffusion.
The aspirin release from CHI/CMC prepared hydrogel
at 2:1 weight ratio was carried out by immersing the
dried drug-loaded hydrogel in a phosphate buffer
solution at room temperature.

7.1. Effect of pH on Aspirin Release

The release % of aspirin from CHI /CMC
polyampholytic hydrogel was carried out in two different
pHs of phosphate buffer solutions. From Figure 8 it is
clear that, in both media (pH 3 and 8), the release
percent from the aspirin loaded samples attained its
equilibrium value after nearly 8 hours. The release% of

aspirin was found to be higher in acidic medium than in
alkaline one. This may be attributed to the dependence
of the release rate on the degree of swelling of the gel,
which mainly depends on solution pH. At lower pH, an
expulsive force within the tested hydrogel is created
due to the protonation of primary amino groups (—-NH3")
on chitosan.
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Figure 8: Effect of pH on in Vitro release profile of aspirin at
2% polymer conc.

7.2. Effect of Polymer Concentration

Figure 9 shows the effect of varying CMC and
chitosan concentration of the prepared hydrogel on the
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release rate of the loaded aspirin. From this figure, it
can be seen that the effect of polymer concentration
has a strong influence on release rate. Samples
prepared from 2% chitosan and 2% CMC were more
efficient for the aspirin release than those prepared by
using 1% polymer solutions. The results can be
explained that, in the acidic medium, increasing
polymer concentration in the hydrogel may increase the
repulsive force between positive amino groups on the
polymer chain and hence increasing the swelling %
and diffusion of the loaded aspirin from the hydrogels.
On the other hand, in alkaline medium, the role of
carboxylate ions dominates in the same way. After a
24-h release, the cumulative aspirin released
maintained at approximately 78 and 87 % for 1% and
2% polymer concentration, respectively. This is
because some aspirin molecules may be entangled
within the hydrogel network, and those cannot be
released unless polymer matrixes are degraded.

106

904 Polymer conc. 2%

Polymer conc. 1%

o

0 5 10 15 20 25
Time, hours

Figure 9: Effect of polymer conc. on in Vitro release profile of
aspirin at pH 2.1.

7.3. Scanning Electron Microscopy (SEM)

The morphology of CHI/CMC hydrogel before and
after aspirin release is shown in Figure 10. It can be

seen that the surface of the aspirin loaded hydrogel is
very smooth, but turned to rough surface after aspirin
release.

CONCLUSION

pH sensitive hydrogels were prepared successfully
from CMC and CHI under different gamma irradiation
dosages in presence of MBA as a crosslinker. The
results of FTIR indicate the occurence of interactions
between the functional groups in chitosan (amino and
amide) and the functional groups in CMC (OH and
COOH). The effect of changing CMC: CHI ratio,
polymers concentration, MBA concentration and
gamma irradiation dosage on the swellability of the
hydrogels was studied. The experimental results
proved that the CMC/CHI hydrogels exhibited
superabsorbent capacity and high % swelling
equilibrium contributed to the presence of highly
hydrophilic CMC.

The hydrogels possess good release behavior of
aspirin at different pHs. Based on the current results,
the pH sensitivity of such hydrogels prepared in this
work could play an important role in drug release
application. Considering the biodegradable nature of
both components, the CMC/CHI prepared by gamma
irradiation could be viable biodegradable materials. In
fact, these new materials can potentially be applied in
biomedical fields.
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Figure 10: SEMs showing the surface of Asprin-loaded CMC/CHI hydrogel formed at polymer concentration 1%, chitosan % 50,
Gamma ray dosage 2.6 kGy , MBA 0.1%, before (a) and after (b) Asprin release from hydrogel.
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