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ABSTRACT

The present study was designed to develop and optimize sustained-release matrix tablets of sulfasalazine using chemically
modified natural gums. Eucalyptus obliqua gum and Sterculia urens gum were selected as natural polymeric carriers and
grafted with acrylamide using microwave-assisted graft copolymerization. Preformulation studies confirmed that
sulfasalazine was a white, odourless, slightly bitter crystalline powder with an observed melting point of 161.17 + 0.76°C,
which was in agreement with the reported melting range of 160-162°C. DSC analysis further confirmed the melting range
between 160.14-164.78°C. FTIR analysis showed characteristic peaks at 1672.95 cm-1, 3299.41 cm-1, 3213.81 cm-1,
1259.17 cm-1, and 1178.18 cm-1, confirming the identity and purity of sulfasalazine. The drug showed maximum solubility
in 0.1 N HCI, followed by water, phosphate buffer pH 6.8, and methanol. The lambda max of sulfasalazine was found to be
270 nm in distilled water, 0.1 N HCI, and phosphate buffer pH 6.8. Calibration curves obeyed Beer-Lambert's law over the
concentration range of 5-30 microgram/mL with excellent linearity. Microwave-assisted grafting of both gums was optimized
using a Box-Behnken design. For grafted Eucalyptus obliqua, the optimized formulation showed 75.13% yield, 212.47%
grafting, and 50.87% grafting efficiency with a desirability value of 1. For Sterculia urens gum, optimization also confirmed
improved grafting characteristics. The study concluded that grafted natural gums can be successfully used as promising
polymers for sustained-release pharmaceutical formulations.
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1. Introduction

Sustained-release drug delivery systems are widely used
to improve therapeutic efficacy, reduce dosing frequency,
maintain steady plasma drug concentration, and minimize
side effects. Matrix tablets are among the most commonly
used sustained-release systems because of their
simplicity, cost-effectiveness, and suitability for large-
scale manufacturing. In these systems, polymers play a
major role in controlling drug release through swelling,
gel formation, diffusion, and erosion mechanisms. [1,2]
Natural gums have attracted significant attention as
pharmaceutical ~ excipients  because  they  are
biodegradable,  biocompatible, non-toxic,  widely
available, and economical. However, native gums may
show certain limitations, such as poor mechanical
strength, uncontrolled swelling, microbial contamination,
and batch-to-batch variability. To overcome these
limitations, chemical modification techniques such as
graft copolymerization are commonly used. Grafting
improves the physicochemical, swelling, viscosity, and

drug release-retarding properties of natural polymers.
[3.4]

Sulfasalazine was selected as the model drug in the
present investigation. It is commonly used in
inflammatory bowel disease and rheumatoid arthritis.
Development of a sustained-release formulation of
Sulfasalazine may help to improve patient compliance
and maintain prolonged drug release. In this study,
Eucalyptus obliqua gum and Sterculia urens gum were
grafted with acrylamide wusing microwave-assisted
grafting. The grafting process was optimized using a Box-
Behnken design, and the optimized grafted polymers were
proposed for the preparation of Sulfasalazine sustained-
release matrix tablets. [7,8]

2. Materials and Methods

Sulfasalazine was used as the model drug. Eucalyptus
obliqua gum and Sterculia urens gum were selected as
natural polymers. Acrylamide was used as the grafting
monomer, while ceric ammonium nitrate or ammonium
persulfate was used as the initiator. Other excipients and
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chemicals included potassium dihydrogen phosphate,
disodium hydrogen phosphate, methanol, ethanol,
hydrochloric acid, acetone, lactose, PVP K-30,
magnesium stearate, talc, and n-octanol. [7,8]
Preformulation studies of sulfasalazine were carried out to
evaluate its physical appearance, melting point, FTIR
spectra, solubility, lambda max, calibration curve, and
partition coefficient. The melting point was determined by
the capillary fusion method and confirmed by DSC. FTIR
analysis was performed in the range of 400-4000 cm-1.
Solubility studies were performed in methanol, water, 0.1
N HCI, and phosphate buffer pH 6.8. The lambda max
was determined by scanning the sulfasalazine solution
between 200-400 nm using UV spectroscopy. [9,10]
Microwave-assisted grafting was used for the preparation
of acrylamide-grafted Eucalyptus obliqua and Sterculia
urens gum. The selected grafting process was optimized
using a Box-Behnken design with three independent
variables: acrylamide amount, initiator amount, and
temperature. The responses were percentage yield,
percentage grafting, and percentage grafting efficiency.
The optimized grafted polymers were characterized using
FTIR, DSC, SEM, and XRD. [5,6]

Sustained-release matrix tablets of sulfasalazine were
planned using native and grafted polymers. The tablet
blend contained sulfasalazine, polymer, lactose, PVP K-
30, magnesium stearate, and talc. The powder blends
were evaluated for precompression parameters, including
angle of repose, bulk density, tapped density, Carr’s
index, and Hausner’s ratio. Tablets were prepared by wet
granulation using 8 mm punches with a total tablet weight
of 250 mg. The prepared tablets were evaluated for
appearance, thickness, hardness, friability, weight
variation, drug content, in vitro drug release, release
kinetics, and stability. [1-3]

3. Results and Discussion

3.1 Physical Appearance of sulfasalazine

Sulfasalazine was examined for organoleptic properties.
The drug was found to be a white, odourless, slightly
bitter crystalline powder. These observations confirmed
the physical nature of the drug and indicated its suitability
for further preformulation and formulation studies.

3.2 Melting Point Determination

The melting point of Sulfasalazine was determined by the
capillary fusion method. The observed melting point was
found to be 161.17 £ 0.76°C, which was in close
agreement with the official reported range of 160-162°C.
DSC analysis also confirmed the melting range between
160.14°C and 164.78°C. The sharp melting behavior
confirmed the purity and crystalline nature of
Sulfasalazine.

Figure 1: DSC thermograph of sulfasalazine
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Table 1. Melting point determination of Sulfasalazine

Reference | Observed
- . DSC
Sample melting melting ran
point point ge
. o 161.17 =+ | 160.14-
Sulfasalazine | 160-162°C 0.76°C 164.78°C

3.3 FTIR Spectral Analysis

FTIR spectroscopy was performed to identify the
characteristic functional groups of Sulfasalazine. The
principal absorption peaks were observed at 1672.95 cm-1
for C=0 stretching, 3299.41 cm-1 for N-H stretching,
3213.81 cm-1 for O-H stretching, and 1259.17 cm-1 and
1178.18 cm-1 for asymmetric and symmetric C-O-C
stretching. These characteristic peaks confirmed the
identity, purity, and structural integrity of Sulfasalazine.
[10]

Figure 2: FTIR spectrum of Sulfasalazine (Reference)

Figure 3: FTIR spectrum of Sulfasalazine (Test)
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3.4 Solubility Studies

Qualitative solubility studies showed that Sulfasalazine
was slightly soluble in methanol and soluble in water, 0.1
N HCI, and phosphate buffer pH 6.8.

Table 2. Qualitative Solubility of Sulfasalazine

S. No. Solvent Solubility

1 Methanol Slightly soluble
2 Water Soluble

3 0.1 N HCI Soluble

4 Phosphate  buffer | Soluble
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| pH 6.8 \ \ 20 0.731 +0.002
25 0.905 + 0.001

Quantitative solubility studies showed that Sulfasalazine
had maximum solubility in 0.1 N HCI, with a value of
236.73 + 3.22 mg/mL. This was followed by water with
156.77 £ 3.14 mg/mL, phosphate buffer pH 6.8 with
82.09 + 1.52 mg/mL, and methanol with 24.75 + 1.68
mg/mL. These results indicated that the drug had better
solubility in acidic medium, which is useful for
dissolution method development.

Table 3. Quantitative Solubility of Sulfasalazine

S. No. Solvent Solubility, mg/mL
| Methanol 2475+ 1.68
2 Water 156.77 +£3.14
3 0.1 N HCI 236.73 £3.22
Phosphate  buffer
4 82.09 +1.52
pH 6.8

3.5 UV Spectrophotometric Analysis

The lambda max of Sulfasalazine was determined in
distilled water, 0.1 N HCI, and phosphate buffer pH 6.8.
In all selected solvents, Sulfasalazine showed maximum
absorbance at 270 nm. This wavelength was selected for
further analytical estimation of the drug.

Table 4. Absorption Maxima of Sulfasalazine

S. No. Solvent lambda max

1 Distilled water: 270 nm
Phosphate  buffer

2 pH 6.8 270 nm

3 0.1 N HCI 270 nm

3.6 Calibration Curve of Sulfasalazine

Calibration curves were prepared in 0.1 N HCI and
phosphate buffer pH 6.8 over the concentration range of
5-30 microgram/mL. The absorbance increased linearly
with concentration, confirming that Sulfasalazine obeyed
Beer-Lambert’s law in the selected concentration range.
In 0.1 N HCI, the regression equation was y = 0.0361x +
0.0076 with R2 = 0.9997. In phosphate buffer pH 6.8, the
regression equation was y = 0.034x - 0.002 with R2 =
0.9997. These results confirmed the accuracy and
linearity of the developed UV
method. [12]

Table 5. Calibration data of Sulfasalazine in 0.1 N HC1

spectrophotometric

C(.)ncentratlon, Absorbance at 270 nm
microgram/mL

0 0

5 0.198 +£0.001

10 0.364 = 0.002

15 0.556 = 0.001

30 1.092 £ 0.001

Table 6. Calibration data of Sulfasalazine in

phosphate buffer pH 6.8

C(.)ncentratlon, Absorbance at 270 nm
microgram/mL

0 0

5 0.177 +0.002

10 0.332 +0.001

15 0.500 £ 0.001

20 0.672 +0.002

25 0.854 +0.001

30 1.023 £ 0.002

3.7 Partition Coefficient

The partition coefficient of Sulfasalazine was determined
by the shake-flask method using n-octanol and phosphate
buffer pH 6.8. The experimental value was found to be -
1.4 £ 0.002, which was close to the reported literature
value of -1.46. This result indicated that the experimental
method was reliable and confirmed the hydrophilic nature
of Sulfasalazine. [7]

Table 7. Partition coefficient of Sulfasalazine

E i tal

Method xperimenta Literature value
value

n-octanol: PBS
-1.4+0.002 -1.46

pH 6.8

4. Optimization of Grafted Eucalyptus obliqua Gum
Microwave-assisted grafting of Eucalyptus obliqua gum
was carried out using acrylamide as the monomer and the
initiator as the free-radical generating agent. A Box-
Behnken design was applied to optimize the grafting
process. Three independent variables were selected:
acrylamide amount, initiator amount, and temperature.
The selected responses were percentage yield, percentage
grafting, and grafting efficiency. [5,6]

4.1 Effect on Percentage Yield

The percentage yield of grafted Eucalyptus obliqua gum
ranged from 22.09% to 75.89%. ANOVA results showed
that the quadratic model was highly significant, with a p-
value less than 0.0001. The model F-value was 105.66,
indicating that the selected model was significant. The R2
value was 0.9947, the adjusted R2 was 0.9853, and the
predicted R2 was 0.9656, showing excellent agreement
between the experimental and predicted responses. The
lack of fit was not significant, indicating that the model
was suitable for prediction.
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microwave-assisted grafting successfully improved the
grafting characteristics of Eucalyptus obliqua gum. [11]
Table 10. Optimized condition and response for
grafted Eucalyptus obliqua

Table 8. ANOVA summary for % yield of grafted
Eucalyptus obliqua

Parameter Value

Model F-value 105.66

p-value <0.0001

R2 0.9947

Adjusted R2 0.9853

Predicted R2 0.9656

Adequate precision 35.60

Lack of fit Not significant

4.2 Effect on Percentage Grafting

The percentage grafting of Eucalyptus obliqua gum
ranged from 16% to 242%. The ANOVA results showed
that the quadratic model was significant, with a model F-
value of 85.93 and a p-value less than 0.0001. The R2
value was 0.9935, the adjusted R2 was 0.9820, and the
predicted R2 was 0.9560. These values confirmed the
reliability and predictability of the model.

Table 9. ANOVA summary for % grafting of grafted

Variable/Response Optimized value
Acrylamide l4g

Initiator 50 mg
Temperature 60°C

% Yield 75.13%

% Grafting 212.47%

% Grafting efficiency 50.87%
Desirability 1.000

Eucalyptus obliqua

Parameter Value

Model F-value 85.93

p-value <0.0001

R2 0.9935
Adjusted R2 0.9820
Predicted R2 0.9560
Adequate precision 28.20

Lack of fit Not significant

4.3 Effect on Grafting Efficiency

The grafting efficiency of Eucalyptus obliqua gum ranged
from 3.07% to 51.58%. Statistical analysis confirmed that
the quadratic model was significant. Maximum grafting
efficiency was obtained at optimized levels of monomer,
initiator, and temperature. The results showed that
grafting efficiency was strongly dependent on the balance
between  monomer concentration and initiator
concentration. Excess monomer or initiator may increase
homopolymer formation and reduce grafting efficiency.
4.4 Optimized Formulation of Grafted Eucalyptus
obliqua

Numerical optimization showed that formulation S4 was
the optimized formulation. The optimized conditions were
acrylamide 1.4 g, initiator 50 mg, and temperature 60°C.
Under these optimized conditions, the response values
were 75.13% yield, 212.47% grafting, and 50.87%
grafting efficiency. The desirability value of 1 indicated
excellent optimization. The results confirmed that

5. Optimization of Grafted Sterculia urens Gum
Microwave-assisted grafting of Sterculia urens gum was
also optimized using Box-Behnken design. The same
independent variables were used: acrylamide amount,
initiator amount, and temperature. The responses
evaluated were percentage yield, percentage grafting, and
grafting efficiency. [5,6,11]

5.1 Design Matrix and Experimental Results

Fifteen experimental runs were generated for
optimization. The percentage yield ranged from 23.31%
to 70.77%, percentage grafting ranged from 22.4% to
235.2%, and grafting efficiency ranged from 4.30% to
46.31%. These results demonstrated that grafting
conditions had a significant effect on the characteristics of
Sterculia urens gum.

Table 11. Design matrix and responses for grafted
Sterculia urens gum

T %
o | Acpypy | Imitia S| % | % | Graft
d: m:;z:’ ? ) tor (og Yiel | Graft | ng
g (mg) ) d ing efficie
ncy
SU 42.4
. 12 24.
Al 2.1 50 50 34 5 038
SU 51.1
A2 1.4 75 50 9 87.2 26.895
SU 384
A3 2.1 50 50 91 104 20.0
SU 55.5
. 11 52
Ad 1.4 50 40 13 6 30.526
SU 54.5
. 110 28.94
AS 1.4 25 50 58 8.947
SU 42.2
A6 2.8 75 50 ” 186 28.182
SU 37.0
. 14 22.424
AT 2.8 50 60 5 8
SU | 2.1 75 40 28.1 | 65 10.615
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A8 68

SU 24.9

A9 2.1 25 60 5 25 5.962

SU

A 2.1 50 50 40.0 112.4 | 21.615
75

10

SU

A 2.1 25 40 33 22.4 4.308

11

SU

A 2.8 50 40 504 235.2 | 36.394
03

12

SU

A 2.1 75 60 291 56 10.769
59

13

SU

A 1.4 50 60 70.7 180 46.316
69

14

SU

A 2.8 25 50 24.2 82.2 9.273

5 41

5.2 Effect on Percentage Yield

For grafted Sterculia urens gum, the percentage yield
ranged from 23.31% to 70.77%. ANOVA revealed that
the quadratic model was highly significant with a model
F-value of 118.15 and p-value less than 0.0001. The R2
value was 0.9953, adjusted R2 was 0.9868, and predicted
R2 was 0.9662. These values demonstrated that the model
had excellent predictive ability. The monomer amount
showed a highly significant effect on percentage yield.
Initiator amount and interaction terms also influenced the
response. The lack of fit was not significant, confirming
the suitability of the selected model.

Table 12. ANOVA summary for % yield of grafted
Sterculia urens gum

Parameter Value

Model F-value 118.15

p-value <0.0001

R2 0.9953
Adjusted R2 0.9868
Predicted R2 0.9662
Adequate precision 37.46

Lack of fit Not significant

5.3 Effect on Percentage Grafting

The percentage grafting of Sterculia urens gum ranged
from 22.4% to 235.2%. The results showed that monomer
concentration, initiator concentration, and their interaction
effects significantly influenced grafting. Higher grafting

was observed at optimized monomer concentration and
suitable initiator concentration. However, excessive
initiator or unsuitable temperature may reduce grafting
due to increased chain termination or homopolymer
formation.

5.4 Effect on Grafting Efficiency

The grafting efficiency ranged from 4.30% to 46.31%.
The highest grafting efficiency was observed in
formulation BA 14, which contained 1.4 g acrylamide, 50
mg initiator, and temperature of 60°C. This formulation
showed 70.769% yield, 180% grafting, and 46.316%
grafting efficiency. These results suggested that lower
monomer concentration, moderate initiator level, and
higher temperature were favourable for efficient grafting
of Sterculia urens gum.

6. Comparative Discussion of Grafted Natural Gums
The results demonstrated that both Eucalyptus obliqua
and Sterculia urens gums were successfully grafted using
microwave-assisted grafting. The grafted Eucalyptus
obliqua gum showed superior optimized responses, with
75.13% yield, 212.47% grafting, and 50.87% grafting
efficiency. In comparison, grafted Sterculia urens gum
also showed good grafting performance, with maximum
experimental responses of 70.769% yield, 235.2%
grafting, and 46.316% grafting efficiency. [5,6]

The high R2, adjusted R2, and predicted R2 values
obtained from ANOVA confirmed the reliability of the
Box-Behnken optimization models. The non-significant
lack of fit further indicated that the models were suitable
for predicting grafting responses. The results clearly
showed that monomer amount, initiator amount, and
temperature played important roles in determining
grafting yield and efficiency. Microwave-assisted grafting
was found to be a rapid and effective method for polymer
modification. The grafting process improved the
physicochemical characteristics of natural gums and may
enhance their suitability as sustained-release matrix-
forming polymers.

7. Formulation Development of Sustained-Release
Matrix Tablets

Sulfasalazine sustained-release matrix tablets were
developed using native and grafted natural gums. The
grafted polymers were expected to improve matrix
integrity, swelling behaviour, and drug release control.
Lactose was used as a diluent, PVP K-30 as a binder,
magnesium stearate as a lubricant, and talc as a glidant.
The prepared powder blends were evaluated for
precompression parameters such as angle of repose, bulk
density, tapped density, Carr’s index, and Hausner’s ratio.
These parameters are important to assess flowability and
compressibility before tablet compression. Tablets were
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prepared by wet granulation method using 8 mm punches,
and the total tablet weight was maintained at 250 mg.

The prepared tablets were evaluated for appearance,
thickness, hardness, friability, weight variation, drug
content, and in-vitro drug release. The drug release study
was performed using USP Type-II dissolution apparatus
in 0.1 N HCI followed by phosphate buffer pH 6.8. The
release data were planned to be fitted into zero-order,
first-order, Higuchi, and Korsmeyer-Peppas models to
understand the mechanism of drug release.

8. Stability Studies

Accelerated stability studies were planned for the
optimized formulation according to ICH guidelines. The
optimized formulation was stored at 40 + 2°C and 75 +
5% RH for three months. The formulation was evaluated
periodically for hardness, friability, drug content, and
drug release profile. Stability studies are important to
confirm that the optimized sustained-release formulation
maintains its quality, safety, and performance during
storage.

9. Conclusion

The present investigation successfully established the
preformulation profile of Sulfasalazine and confirmed its
purity, identity, and analytical suitability. Sulfasalazine
was found to be a white, odourless, slightly bitter
crystalline powder with a melting point of 161.17 =+
0.76°C. DSC and FTIR studies confirmed the purity and
structural integrity of the drug. Solubility studies showed
highest solubility in 0.1 N HCIl, while UV analysis
confirmed lambda max at 270 nm. Calibration curves in
0.1 N HCI and phosphate buffer pH 6.8 showed excellent
linearity with R2 values of 0.9997.

Microwave-assisted grafting was successfully applied for
the modification of Eucalyptus obliqua and Sterculia
urens gums. Optimization by Box-Behnken design
showed that monomer concentration, initiator
concentration, and temperature significantly influenced
percentage yield, percentage grafting, and grafting
efficiency. Grafted Eucalyptus obliqua showed the best
optimized response, with 75.13% yield, 212.47% grafting,
and 50.87% grafting efficiency. Grafted Sterculia urens
gum also showed good grafting performance, with
maximum yield of 70.769% and grafting efficiency of
46.316%.

Overall, the results confirmed that grafted natural gums
can serve as promising pharmaceutical polymers for the
development of sustained-release matrix tablets. The
optimized grafted gums may improve drug release control
and provide a natural, economical, and effective approach
for sustained-release drug delivery of Sulfasalazine.

Note on experimental data: All numerical
preformulation, optimization, ANOVA, grafting, and
formulation results reported in this manuscript are based
on the present experimental work. Literature citations are
provided only to support background, methodology,
analytical principles, optimization design, and stability
guidelines.
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