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Hydrogels are the crosslinked networks of hydrophilic 
water-soluble polymers. They have a tendency to 
absorb enormous water and swell[1]. Their distinct 
physical properties make them suitable for drug 
delivery applications. The hydrogels meant for drug 
delivery can be prepared using synthetic and natural 
polymers[2-8]. However, natural polymer-based 
hydrogels are more preferable due to their inherent 
biocompatible and biodegradable nature[9]. Besides, 
the natural polymers are cheap as compared to the 
synthetic polymers. Some of the well-known natural 
polymers used for the preparation of hydrogels include 
cellulose[10], starch[11], chitosan[12], sodium alginate[13], 
guar gum[8], gellan gum[14] and xanthan gum[7]. 

The natural polymer-based hydrogels can be prepared 
by physical or chemical crosslinking. The physically 
crosslinked hydrogels are mechanically weak and 
change in the environmental parameters such as 
pH, temperature or ionic strength may disrupt the 

network structure of the hydrogels[15]. The chemically 
crosslinked hydrogels are strong but the crosslinking 
agents used for their preparation are reported to be 
toxic[11]. In past few years, citric acid has emerged as 
a non-toxic crosslinking agent for the preparation of 
the hydrogels[16,17]. At sufficiently high temperatures, 
citric acid forms a cyclic anhydride and esterifies 
the hydroxyl groups present on the adjacent polymer 
chains. This leads to the formation of crosslinks.

Carboxymethylcellulose (CMC) is a biodegradable 
and easily available derivative of cellulose, which 
is considered as an ideal candidate for preparing 
hydrogels due to its high swellability. It has hydrophilic 
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carboxylate groups in its polymeric backbone. 
When used alone, CMC forms hydrogels with poor 
mechanical strength due to formation of intramolecular 
crosslinks instead of intermolecular crosslinks. 
This can be attributed to the electrostatic repulsion 
between charged macromolecules due to which, few 
hydroxyl groups remain available for reaction at C6, 
the most reactive position. Therefore, another cellulose 
derivative like hydroxyethylcellulose (HEC) has 
been used in combination with CMC to improve the 
intermolecular crosslinking[18]. 

Tamarind gum (TG) is a natural polysaccharide, 
which is used as a binder, gelling agent, thickener, 
emulsifier, suspending agent and a release modifier in 
different pharmaceutical formulations. It is also used 
as a stabilizer in food and pharmaceutical industries[19]. 
It is extracted from the endosperm of Tamarindus 
indica L. seeds belonging to the family Leguminosae. 
TG is composed of (1→4)-β-D-glucan back-bone 
substituted with side chains of α-D-xylopyranose and 
β-D-galactopyranosyl(1→2)-α-D-xylopyranose linked 
(1→6) to glucose residues[20]. It has been used in the 
development of various drug delivery systems due to its 
hydrophilic and bioadhesive properties[21-27]. Although 
TG shows presence of non-sterically hindered hydroxyl 
groups, very few reports mentioned the use of pure 
TG in chemically crosslinked hydrogels[28]. Moreover, 
TG can be used as a cheaper alternative to HEC for 
the preparation of citric acid crosslinked CMC-based 
hydrogels.

Moxifloxacin hydrochloride (MH) is a fourth generation 
fluoroquinolone, widely used for soft tissue and skin 
infections, which promoted wound healing without 
causing bacterial resistance[29]. MH-loaded hydrogel 
film could be useful in treating topical infections as 
well as burn wounds. 

The objective of the present work was to investigate 
potential of citric acid crosslinked CMC-TG hydrogel 
films as topical drug delivery in the form of implants 
or wound healing films. In the present work, we have 
prepared the CMC-TG hydrogel films using citric acid 
as a crosslinking agent. The effect of concentration of 
TG on the properties of hydrogel films was investigated. 
MH was used as model drug. The hydrogel films were 
characterized for the formation of crosslinks and 
evaluated for swellability, drug loading and release. 
The biocompatibility of the hydrogel films was tested 
using haemolytic assay. 

MATERIALS AND METHODS

Tamarind kernel powder was kindly gifted by Chhaya 
Industries, Barshi, Maharashtra, India. MH was 
obtained as a gift sample from Apotex, Bangalore, 
India. Sodium CMC (degree of substitution: 0.7, 
average molecular weight: ∼250 000) and anhydrous 
citric acid anhydrous were procured from Sigma 
Aldrich, Mumbai, India. All other chemicals used were 
of analytical grade and were purchased from Loba 
Chemie, Mumbai, India. 

Isolation of TG:

Twenty grams of defatted tamarind kernel powder 
was added to the cold distilled water (200 ml) to 
prepare a slurry. The slurry was poured into the 
boiling distilled water (800 ml) containing citric acid  
(0.2 %). The solution was boiled with stirring for 20 min 
on a water bath. The resulting thin clear solution was 
kept overnight (24 h) so that most of the proteins and 
fibres settle down, following which the solution was 
centrifuged at 5000 rpm for 20 min. The supernatant 
liquid was separated and poured into the excess of 
absolute alcohol with continuous stirring (1:1). The 
precipitated polysaccharide was washed with absolute 
ethanol, diethyl ether and acetone, followed by drying 
at 50-60° for 10 h. The dried polymer was powdered, 
sieved (sieve no: 80), and stored in a desiccator until 
further use[30]. Extracted TG was further qualitatively 
evaluated for the presence of proteins and fats. 

Preparation of citric acid crosslinked TG-based 
hydrogel films:

The citric acid crosslinked hydrogel films of TG-
CMC were prepared by esterification-crosslinking 
mechanism, as reported elsewhere[10]. Two percent 
w/v aqueous solutions containing TG, CMC and 
citric acid were prepared using a mechanical stirrer 
(RQG126D, Remi, India), at room temperature  
(Table 1). The solutions were kept overnight to remove 
the entrapped air bubbles. The aqueous solutions  
(50 ml) were casted into 9 cm diameter Petri dishes and 

Parameter
Batch code

B1 B2 B3 C1 D1
TG:CMC* 1:1 2:1 3:1 1:1 1:1
Citric acid (%) 10 10 10 15 20
Curing temperature (°) 140 140 140 140 140
Curing time (min) 5 5 5 5 5

TABLE 1: CMC AND TG HYDROGEL FILMS 

TG- tamarind gum; CMC- carboxymethyl cellulose (sodium salt); 
*total polymer concentration equivalent to 2 % w/v 
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dried at 50° for 24 h. The resulting films were cured 
at 140° for 5 min. The curing temperature and curing 
time was sufficient to achieve crosslinking. The cured 
hydrogel films were washed with distilled water and 
isopropyl alcohol for 1 h in order to remove untreated 
entities. Then, the hydrogel films were dried in a hot air 
oven at 50° for 24 h and stored in a desiccator until use. 
The parameters such as concentrations of TG, CMC, 
citric acid and curing time were varied individually to 
study their effect on hydrogel properties[31].

Total carboxyl content of hydrogel films:

Acid-base titration was used to determine total 
carboxyl content of the hydrogel films. About 100 mg 
of hydrogel film was dissolved in 20 ml 0.1 N NaOH 
and stirred on magnetic stirrer (Remi, India) for 2 h. 
Excess amount of 0.1 N NaOH was titrated with 0.1 
N HCl using phenolphthalein as an indicator[32]. The 
carboxyl content in milliequivalents per 100 g of 
hydrogel films was calculated as given below, carboxyl 
content = (Vb–Va)×N×100/W, where, N is the normality 
of HCl (eq./l), Vb and Va are the volumes of HCl in 
absence and presence of sample, and W is the weight 
of sample (g).

Attenuated total reflectance-Fourier transform 
infrared (ATR-FTIR) spectroscopy:

Infrared spectra of TG, CMC, citric acid, and citric 
acid crosslinked hydrogel films were obtained using 
ATR-FTIR spectrophotometer (Shimadzu, Miracle 10, 
IR Affinity, Japan). The samples to be analysed were 
placed in the ATR and spectra were recorded in the 
range of 600-4000 cm−1 at an average of 25 scans and 
resolution of 4 cm−1.

Solid-state NMR spectroscopy:

Solid-state 13C cross-polarization-magic angle spinning 
(13C CP-MAS) NMR spectra of TG, CMC and citric 
acid crosslinked hydrogel film was measured using 
Jeol-ECX400 spectrometer operating at 400 MHz 
(contact time of 3.5 ms, relaxation delay of 5 s, sweep 
width of 35 kHz and spinning speed of 10 KHz). 
The chemical shifts were calibrated with the external 
hexamethylbenzene standard methyl resonance at  
17.3 ppm. 

Thermal analysis:

Thermogravimetric analysis (TGA) and differential 
scanning calorimetry (DSC) of TG, CMC, citric acid 
and crosslinked hydrogel film was performed using 
a Mettler-Toledo TGA/DSC1 thermogravimetric 

analyser (Mettler-Toledo, Switzerland). Samples 
were heated from 30°-300° at a rate of 10°/min, under 
nitrogen atmosphere (flow rate: 10 ml/min).

Swelling study:

The extent of swelling of hydrogel films was 
determined in phosphate buffer pH 7.4. A known 
quantity (~0.2 g) of hydrogel films were immersed in 
the swelling medium (10 ml) at room temperature. The 
swollen samples were removed at predetermined time 
intervals for 24 h, excess medium was blotted using 
tissue paper and the swollen hydrogel were weighed[33]. 
The swelling index was calculated using the following 
Eqn., swelling ratio (g/g) = (WT–W0)/WT, where, WT is 
the weight of swollen hydrogel at time T, and W0 is the 
weight of dry hydrogel films before start of the study. 
All measurements were done in triplicate. 

Drug loading and in vitro release:

MH was loaded into hydrogel films using the swelling 
equilibrium method. In brief, pre-weighed hydrogel 
films (~200 mg) were placed in 20 ml aqueous solution 
of MH (5 mg/ml) for 2 h and hydrogel films were dried 
in hot air oven at 40° for 24 h[34]. To determine the 
amount of drug loading, MH-loaded hydrogel film was 
cut into small pieces, weighed and immersed in 50 ml 
water. The dispersion was stirred on a magnetic stirrer 
(Remi, India) at 100 rpm for 24 h and the amount of 
MH was determined spectrophotometrically using a 
UV/Vis spectrophotometer (Shimadzu, Japan) at λmax 
289 nm. 

In vitro release studies of the drug were carried out 
by keeping the MH-loaded hydrogel films (~0.1 g) in  
20 ml of phosphate buffer pH 7.4 at 37°. Samples were 
withdrawn at predetermined time intervals, each time 
replacing the volume withdrawn with fresh dissolution 
medium in order to maintain the sink conditions. 
The amount of MH released was determined using a  
UV/Vis spectrophotometer at λmax 289 nm up to  
300 min. The experiments were performed in 
triplicate[35]. 

Haemolysis assay:

Hydrogel films (2 cm2) were equilibrated in phosphate-
buffered saline for 60 min at 37° and human citrate-
phosphate-dextrose (CPD) blood (0.5 ml) was added 
to the films. After 20 min, 4.0 ml of 0.9 % sodium 
chloride solution (saline) was added to each sample to 
stop haemolysis and the samples were incubated for 
60 min at 37°. Positive and negative controls were 
obtained by adding 0.5 ml of human CPD blood and 
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saline, respectively, to 4.0 ml of double-distilled water. 
The incubated samples were centrifuged for 10 min at 
3500 rpm, the supernatant was taken, and its absorbance 
was measured on a spectrophotometer at 545 nm[31]. 
Percent haemolysis was calculated using the following 
relationship: haemolysis (%) = (ATest sample–A–ve control)/
(A+ve control–A–ve control)×100, where, A is the absorbance. 
The absorbance of positive and negative controls was 
found to be 3.614 and 0.011 %, respectively.

Statistical analysis:

The numerical data was statistically analysed using 
one way ANOVA followed by Tukey’s multiple 
comparison test. P value less than 0.05 was considered 
as statistically significant.

RESULTS AND DISCUSSION

TG was isolated from seeds of tamarind (T. indica), 
and the average yield of dried TG was found to be 
48 %. The addition of citric acid helped to separate 
proteins from the TG due to precipitation. The TG 
present in the supernatant solution was separated by 
alcohol precipitation[36]. The molecular weight of TG is 
1.5×105 g/mol. Extracted polysaccharide was free from 
proteins and fats. 

The preformulation batches were prepared in order 
to optimize concentration of citric acid, curing 
temperature and curing time to get hydrogel film. The 
prepared hydrogel films were washed with distilled 
water to remove unreacted citric acid and polymer. The 
total polymer concentration was fixed at 2 % and TG 
to CMC ratio was varied from 1:1 to 3:1. The average 
thickness of citric acid crosslinked TG/CMC hydrogel 
film was found to be ~174 µm. 

At very low concentrations of citric acid, the TG-
based hydrogel films were not formed due to poor 
crosslinking, which may have led to loss of integrity 
of hydrogel film. At high concentrations of citric acid, 
the hydrogel films formed were rigid, with reduced 
ability to absorb water[37]. This rigidity and poor 
ability to absorb water might be due to the increase 
in crosslinking density, which in turn may have led to 
the reduction in the mobility of polymer chains and 
reduced the free volume of the hydrogel network[2]. 

The curing temperature was varied from 130° to 
150°. At lower temperature poor crosslinked gel was 
formed, whereas at elevated temperature, firm and 
tough hydrogel film was formed. This might be due 
to the formation of strong hydrogen bond interactions 

between polysaccharides (TG and CMC) and citric 
acid, leading to reduction in expansion and relaxation 
of polymer chains[37]. The optimum swelling was 
observed at a curing temperature 140°. 

The curing time was varied from 5 to 15 min. The  
5 min curing time was found to be sufficient to form 
the citric acid crosslinked hydrogel film while higher 
curing times lead to formation of a brown-colored film 
with insufficient swelling. This could be exhibited due 
to interaction between –OH groups of polysaccharide 
and dehydrated citric acid leading to the formation of 
strong crosslinking. 

Esterification reaction caused the formation of 
crosslinks between citric acid and polysaccharides 
(TG and CMC). The possible reaction and structure of 
TG and CMC were given in fig. 1. When citric acid 
is heated, the cyclic anhydride intermediate is formed, 
which served as the base mechanism responsible 
for the development of crosslinks with TG and 
CMC. Esterification of -OH functional groups of the 
polysaccharide with the cyclic anhydride intermediate 
lead to new carboxylic acid units, which exhibited the 
property of forming new intra-molecular anhydride 
moiety with neighbouring carboxylic acid unit[10,38,39]. 
There might also be involvement of the primary –OH 
groups of the polysaccharides as they are more reactive 
than the secondary –OH groups, in the esterification 
process. Crosslinking generally occurred under dry 
state and required high temperatures for the reaction[11]. 
On the other hand evaporation of water, which is the 
first step in crosslinking with citric acid, is promoted 
by the hydrophobic character of the substrate. 

The carboxyl content of hydrogel films was found 
to be in the range of 2.59 to 4.35 mEq/g of hydrogel  
(Table 2). The ratio of polysaccharide and concentration 
of citric acid had significant effect on the carboxyl 
content. When TG was increased in the films (B1 to 
B3), the carboxyl content was found to be increased. 
Increase in carboxyl content might be due to increased 
participation of TG in the esterification reaction with 
citric acid. An increase in concentration of citric acid 
from 10 to 20 % (B1, C1 and D1), also increased the 
carboxyl content of hydrogel film. This could be due 
to fact that when the film was heated, higher amount 
of cyclic anhydride intermediate of citric acid was 
available for crosslinking of polysaccharides leading 
to increased carboxyl content. 

ATR-FTIR spectra of CMC, TG and citric acid were 
presented in fig. 2A and spectra of all hydrogel films 
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were given in fig. 2B. ATR-FTIR spectrum of TG 
exhibited broad strong peaks at 3500-3000 cm-1 due 
to stretching vibration of -OH. A strong peak at 1039 
and 1143 cm-1 could be attributed to the C-O stretching 
vibration of the alcoholic group. The medium peak 
at 2920 cm-1 belonged to asymmetric stretching of 
CH. The peaks at 1747 and 1689 cm-1 were due to 
carbonyl (-HC=O) stretching[40]. The spectrum of citric 
acid showed a broad peak at 3279 cm−1 attributed to 
-OH stretching and a sharp peak at 1693 cm−1 due 
to hydrogen bonded C=O stretch. In the spectrum of 
CMC, the broad peaks at 3500 to 3000 cm-1 are seen 

due to -OH stretching. The band at 2922 cm-1 is due 
to C-H stretching vibration. The presence of a strong 
absorption band at 1587 and 1411 cm-1 was due to the 
asymmetric and symmetric stretching of COO- group, 
respectively. The peak at 1323 cm-1 was due to CH-O-
CH2 stretching. The ATR-FTIR spectrum of hydrogel 
film showed additional peaks at 1710 to 1730 cm-1 
attributed to the carbonyl band of free carboxylic acid 
groups and the carbonyl band of ester formed during 
the TG-CMC, CMC-CMC and TG-TG crosslinking. 
To confirm the formation of ester linkages further, 
hydrogel film was treated with 0.1 N NaOH in 

Fig. 1: Possible crosslinking reaction between citric acid, TG and CMC (A), structure of tamarind gum (B) and structure of 
carboxymethyl cellulose (C)

Batch Total carboxyl content
(mEq/g of hydrogel)

Drug loading*
(mg/g)

Haemolysis
(%) n r2 Order of release

B1 2.59 402.3±4.19 1.56 0.60 0.972 Quassi-Fickian
B2 3.22 249.1±5.12a 1.14 0.75 0.991 Non-Fickian
B3 3.34 129.8±4.51a 2.57 0.86 0.990 Non-Fickian
C1 3.38 268.6±3.41a 1.79 0.75 0.993 Non-Fickian
D1 4.08 256.8±2.69a 1.93 0.76 0.994 Non-Fickian

TABLE 2: CHARACTERIZATION OF HYDROGEL FILMS

*Mean±standard deviation; asignificantly different at p<0.05 from B1; n-release exponent; r2- correlation coefficient
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methanol so as to separate ester carbonyl band from the 
acid carbonyl band by converting the carboxylic acid 
group to carboxylate anions. In case of NaOH-treated 
batch (fig. 1A) additional two bands were observed at  
1742 cm-1 (ester carbonyl) and 1589 cm-1 (carboxylate), 
which confirmed crosslinking[31]. Solid-state 13C 
NMR spectrum of TG showed three distinct peaks 
(fig. 3). The resonance peak at 105 ppm is assigned 

to anomeric carbon atom (C1) and the peak at 74 
ppm is assigned to the carbon atoms (C2 to C5) 
connected by –OH groups (i.e. the carbon atoms 
in the six membered ring except C1 carbon atom). 
The presence of a peak at 63 ppm is attributed to the  
C6 carbon atom of CH2OH group. The solid-state 13C 
NMR spectrum of CMC showed four distinct peaks 
(fig. 3). The resonance peak at 105 ppm is attributed 
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Fig. 2: ATR-FTIR spectra 
(A) ATR-FTIR spectra of P. carboxymethyl cellulose, Q. tamarind gum, R. citric acid, S. hydrogel film and T. NaOH-treated 
hydrogel film; (B) batches of hydrogel films B1, B2, B3, C1 and D1.

 
Fig. 3: Solid state 13C NMR spectra 
Solid-state 13C NMR spectra of A. hydrogel film, B. carboxymethyl cellulose and C. tamarind gum
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the prepared hydrogel film was improved compared 
to that of the individual polymers due to formation 
of crosslinks between TG/CMC by citric acid. In 
other words, thermal decomposition of TG and CMC 
was delayed. The DSC thermogram of hydrogel 
film showed considerable change in the heat flow 
indicating formation of ester crosslinks. Observations 
are in agreement with the earlier reports with CMC and 
hydroxyethyl cellulose[10,41]. 

The swelling study was performed in phosphate buffer 
pH 7.4. The result of swelling study presented in fig. 5A. 
Batch B1 exhibited a maximum equilibrium swelling 
of 5.33 g/g whereas batch D1 showed a minimum 
equilibrium swelling of 1.64 g/g. When hydrogel is in 
contact with medium, its three dimensional hydrophilic 
network expansion is prevented by the crosslinks 
and provided an elastic response, which affected the 
swelling of hydrogel film[42]. All hydrogel batches 
showed steady swelling ratio after 1 h.

The swelling ratio of the hydrogel film at equilibrium is 
dependent on the ratio of polymer and the concentration 
of citric acid. As the polymer ratio was increased the 
equilibrium swelling ratio was found to be decreased 
significantly (batch B1 to B3). This might be attributed 
to high amount of TG and low amount of CMC in 
hydrogel film, which decreased ionic character and 
increased hydrophilicity of hydrogel film[43]. In case of 
batch B3 there might be self-entanglement of TG chains 
by hydrogen bonding and decreased ionic contribution 
to the absorption of swelling medium leading to 
decreased equilibrium swelling[44]. In case of batch 
B1 there might be dissociation of highly hydrophilic 
carboxylic group of CMC, which absorbed a lot of 

to anomeric carbon (C1) of glucose units and the peak 
at 75 ppm is due to the carbon atoms (C2 to C5) in 
the six member ring connected by –OH groups and 
C7 carbon atom in methyl group of carboxylated side 
chain. The presence of a peak at 63 ppm is attributed 
to C6 of the carbon atom of CH2O- group. The peak at  
178 ppm is due to carbonyl carbon of substituent groups 
–CH2COO-. The solid-state 13C NMR of prepared citric 
acid crosslinked hydrogel film (fig. 3) of TG-CMC 
shows broad resonance peak due to ester crosslinks 
and free –COOH groups in the range of 174-182 ppm, 
which confirms crosslinking. 

The TGA and DSC thermograms were presented in the 
fig. 4A and 4B, respectively. Thermal decomposition 
curve of TG showed two main stages of decomposition. 
The first stage began at 35° and ended at 100°. This 
could be due to the removal of free and bound water 
from the polymer. The second stage of weight loss was 
observed around 228° to 300° with 35 % loss of weight. 
CMC showed two main stages of decomposition. The 
first stage began at 35° and ended at 84° and was due 
to removal of free and bound water from the polymer. 
The second stage of weight loss was observed around 
225° to 325° with 38 % loss of weight. The weight 
loss in both the polymers in second stage could 
be attributed to the decomposition of the polymer 
backbone. The decomposition of anhydrous citric acid 
started at 160° and ended at 349° with 93 % weight 
loss. In case of hydrogel film, thermal decomposition 
started at 199° and ended at 389° with 47.5 % loss of 
weight. This indicated that the decomposition of the 
citric acid crosslinked TG/CMC hydrogels is slower 
than individual polymers. The thermal stability of 
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Fig. 4: TGA and DSC thermograms
A. TGA thermograms and B. DSC thermograms of a. hydrogel film, b. citric acid, c. TG and d. CMC
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water to fill pores leading to increased equilibrium 
swelling[45,46]. 

It was noticed that when concentration of citric acid was 
increased the swelling ratio of hydrogel film was found 
to be decreased significantly (fig. 4A). This might be 
due to an increase in the degree of crosslinking, which 
altered the mobility of polymer chains. Diffusion of 
the swelling medium into the polymer network also 
decreased thereby giving rise to more rigid structure 
of the polymer network[37]. As discussed earlier the 
amount of carboxyl content in hydrogel increased with 
increase in extent of cross-linking density. 

The drug loading was done in aqueous solution of 
MH through diffusion process in swollen networks. 
The results of drug loading studies was presented in  
Table 2. Drug loading of hydrogel film was observed 
in the range of 402.3 to 84.78 mg/g of hydrogel film. 
As the degree of equilibrium swelling increased, drug 
loading was found to be increased. This might be due 
to faster diffusion of drug in to swollen network. Drug 
loading was found to be decreased as the polymer- 
weight ratio and concentration of crosslinker citric acid 
was increased. This is probably due to low equilibrium 
swelling ratio of the hydrogel films. 

As the prepared hydrogel films could be used to deliver 
the drug topically or as implants, in vitro drug release 
study was performed at pH 7.4. The in vitro drug release 
profile from MH-loaded hydrogel films is given in  
fig. 5B. An initial burst of ~15 to 45 % release of MH 
was observed from all CMC-TG hydrogel films. This 
could be due to release of the drug associated with the 
gel surface. The free drug molecules back diffused from 

the bulk of the hydrogel matrix at the surface along 
with solvent during drying of drug-loaded swollen 
hydrogel films. So, when the MH-loaded hydrogel 
film came in contact with the dissolution medium, 
the surface-associated free drug is released at a faster 
rate. The controlled release was observed after 30 min 
from all drug-loaded hydrogel batches. The retardation 
of drug release is associated with the swelling of the 
drug-loaded hydrogel film. The swelling of hydrogel 
film increased the thickness of film from which drug 
gets diffused in to bulk of dissolution medium[34].

High drug release was exhibited for batches B1 to 
B3. The equilibrium swelling of these batches was 
more than the other batches (C1 and D1) as evident 
from swelling study. Irrespective of the path length 
drug was released at a faster rate. This may be due to 
ionic contribution of the CMC at buffer pH 7.4 as well 
as the low crosslinking of the hydrogels films. MH 
showed greater solubility above pH 6 due to ionization 
of carboxylate group (pKa=6.4)[47]. This could be one 
of the reasons why drug released at a faster rate form 
these hydrogel films. Drug release was found to be 
decreased in the hydrogel films from batch B1, C1 and 
D1, when the concentration of crosslinking agent was 
increased (fig. 4B). This might be due to the fact that 
as the concentration of citric acid was increased, the 
crosslinking density was also increased, which in turn 
decreased the swelling of the polymer matrix resulting 
in retardation of drug release. 

The release data up to 60 % of total drug released was 
fitted into the Korsmeyer-Peppas Eqn. to determine the 
release mechanism[31,48]. Mt/M∞= atn, where Mt/M∞ is 
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the fraction of drug released in time ‘t’, ‘a’ is the kinetic 
constant and ‘n’ is the diffusional coefficient, which 
depended upon the interaction in between drug and the 
components of hydrogel matrix. The result of diffusion 
coefficient (n) and release mechanism is given in  
Table 2. All hydrogel batches showed non-Fickian 
release behaviour. The value of diffusion coefficient 
was found to be greater than 0.5 indicating high 
interaction between the drug and the hydrogel and the 
drug was released by diffusion coupled with erosion 
mechanism. An increase in ‘n’ value from B1 to B3 
suggested an increase in drug hydrogel interaction due 
to TG. Also, an increase in concentration of crosslinker 
(B1, C1, D1) increased the ‘n’ value. 

The biocompatibility of the hydrogel films was 
determined by hemocompatibility study. The test 
is based on the determination of the lysis of red 
blood cells in presence of the hydrogel films. The 
released hemoglobin dissolved in external fluid 
giving a yellowish colour, which could be measured 
spectrophotometrically. The higher the optical density 
of the supernatant, the greater the cell damage[28]. The 
results of haemolysis assay of hydrogel films were 
given in Table 2. Percent haemolysis for all hydrogel 
films was found to be in the range of 1.14 to 2.79 %. 
Lower percent haemolysis for hydrogel film could be 
attributed to higher hydrophilicity of polymer matrix, 
which decreased polymer-RBC interactions and 
lowered disruption of RBCs[35]. The observed percent 
haemolysis was found to be less than the permissible 
limit of 5 %[49] indicating hemocompatibility of 
hydrogel films. 

CMC-TG hydrogel films were successfully developed 
using citric acid as the crosslinking agent. ATR-FTIR, 
TGA, DSC and solid-state 13C NMR study indicated 
the formation of ester linkage between polymers. 
These results indicated that as the concentration of 
citric acid increased carboxyl content was increased 
and equilibrium swelling ratio found to be decreased. 
Citric acid-crosslinked CMC-TG composite hydrogel 
films exhibited high drug loading with controlled 
release of model drug. Haemolysis study indicated 
hemocompatibility of hydrogel films. It can be 
concluded that CMC-TG composite hydrogel films 
crosslinked with citric acid exhibit the potential to be 
used as controlled or sustained drug delivery system 
for topical delivery. Further, cytocompatibility and  
in vivo studies are required to further develop the CMC-
TG hydrogels as an approvable drug delivery system. 
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