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Abstract: The objective of this study was to chemically alter Cassia gum by means of
carboxymethylation reaction with the aid of microwave radiations, producing highly substituted
carboxymethylated Cassia gum. The carboxymethyl substitution of Cassia gum was optimized using
response surface methodology. The optimal parameters were found to be microwave power of 50 W
and microwave exposure time of 7.36 minute which provided carboxymethylated gum with a degree of
substitution of 2.5 (Predicted 2.3). Structural changes after carboxymethylation reaction were confirmed
using Fourier-transform infrared and X-ray diffraction. Further, diclofenac sodium-loaded Ca?*- gelled
carboxymethylated Cassia gum beads were prepared. The effect of microwave exposure on beads was
studied at different powers. However, no significant influence of microwave exposure on the release of
diclofenac from beads was observed. The beads were observed to release diclofenac by zero-order
kinetics with anamolous release mechanism. In conclusion, the microwave-assisted carboxymethyl
modification of Cassia gum can be carried out to prepare modified gum with potential for use as matrix
material for pharmaceutical applications.
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1. Introduction

The endosperm flour i.e. Cassia gum can be obtained from herbaceous perennial weed
C. tora L. and C. obtusifolia L. after removing the germ (41%) and hull (27%) present in the
seeds [1-3]. It is one of the lowest accessible polymers in India and research has shown that the
backbone polysaccharide comprises 1-4 linked D-manopyranose and D-glucopyranose units.
The gum comprising 75% of galactomannans have numeral properties such as thickening and
gelling agent [2], good adsorbent, and coagulating/flocculating agent [4] and binding agent [5].
The applications of Cassia gum are limited because of its small water solubility, the dull colour
of the polymer product, and its fast biodegradability [6]. Numerous findings have explored the
alteration of Cassia gum in order to improve acceptability and gum quality [7]. These
techniques include cyanoethylation [8-10], grafting [11], and carbamoylethylation [8-10, 12].
From various physico-chemical approaches, carboxymethylation modification is a widely used
technique because of its low cost, easy processing and enhancing functional properties [13].
Basically, carboxymethylation is an etherification process in which hydroxyl group present in
glucose get replaced with carboxymethyl group (-CH2COQO") [14]. Modified carboxymethyl
polysaccharide is typically more dissolvable, low viscous and anionic than native
polysaccharide. Furthermore, the anionic property imparted by carboxymethylation to
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polysaccharides paves the way for its development in the production of ionic polymeric
materials [15-16]. So, carboxymethylation technique was utilized for enhancing the
polysaccharide functionality.

On reviewing the literature, it was found that microwave assisted technology has been
employed to modify the release behaviour of natural gum matrices by cross-linking. This high
valued technique is used for the synthesis of polymers, organic, inorganic compounds and
nanomaterials [17-18]. Considering the same, in the present work MW-assisted carboxymethyl
modification of Cassia gum was attempted. The modification of Cassia gum was optimized
using systematic Design of Experiment (DoE) approach, employing two-factor, three-level
central composite experimental design. The modified gum was characterized by determining
the degree of substitution, Fourier-transform infrared, X-ray diffraction studies. The modified
gum was utilized to prepare ionically gelled beads with calcium chloride as ionic cross-linker
and diclofenac as the model drug. Further, the effect of microwave exposure on beads was also
studied to modify the release characteristics of Cassia gum by cross-linking.

2. Materials and Methods
2.1. Materials.

Cassia gum powder and diclofenac sodium were obtained as gift samples from Mahesh
Argo Food Industries (Rajasthan, India) and Coax Bioremedies, (Hisar, India) respectively.
Monochloroacetic acid was procured from Thomas Baker Chemicals Private Limited
(Mumbai, India). Sodium hydroxide, glacial acetic acid and methanol were obtained from Sisco
Research Laboratories Private Limited (Mumbai, India). Calcium chloride-dihydrate AR and
hydrochloric acid were procured from S.D. fine chem. Ltd. (Mumbai, India).

2.2 Methods.

2.2.1. Preparation of microwave assisted carboxymethyl Cassia gum.

Microwave aided method was utilized to carboxymethylate Cassia gum. About 0.5 g
of Cassia gum powder was mixed with 20 ml of chilled sodium hydroxide (45% wi/v). The
same amount of aqueous monochloroacetic acid (75% wi/v) was added up to the prepared
solution of Cassia gum in the same vial by vortex shaker. The prepared blend was heated at
70°C with the aid of stirring at 1200 rpm at different microwave power (50-150 W) with
different time periods (2.5-7.5 minutes) (Monowave 200, Anton Paar, Austria). After
microwave synthesis, the mixture was suspended in 20 ml of methanol (80% v/v). The
suspended precipitate, so collected, was filtered and washed with glacial acetic acid up to
neutralization. Then, carboxymethyl Cassia gum was washed with aqueous methanol (80%
v/v) several times and dried at 80°C for 24 h in hot air oven [19].

2.2.2. Experimental design.

Microwave assisted carboxymethylation of Cassia gum was optimized using two-
factor, three-level central composite design. To study the optimum combination of variables
on carboxymethylated Cassia gum, the effect of factors i.e. microwave power (X;) and
microwave irradiation time (X,) were used as independent variables and studied the degree of
substitution which was chosen as a dependent variable. The impact of the independent variables
was explored at three concentrations, i.e. small (-1), medium (0) and high (+ 1). The
https://biointerfaceresearch.com/ 6227
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experimental design and statistical analysis of results were carried out using Design Expert®
software (version 11.0.0, Stat-ease Inc. Minneapolis, MN).

2.3. Characterization of carboxymethylated Cassia gum.
2.3.1. Detection of degree of substitution.

The degree of substitution (DS) was detected by acid wash method [20]. Accurately
weighed carboxymethylated Cassia gum (0.5 gm) was spread in 20ml of HCI reagent and
sonication (Powersonic 405. Hwashin Technology Seoul. Korea) was done for 3-4 h.
Separation of large particles was done through filtration, followed by washing with methanol
(70% v/v) up to neutralization and dried at 80 °C in hot air oven. A weighed amount of
carboxymethylated Cassia gum (0.3 gm) was dispersed in 10 ml of methanol (70% v/v) and
stirred for 30 minutes by adding a fraction of distilled water (30 ml) and 0.5 N NaOH (7.5 ml).
Further, sonication was carried out for 4 h to solubilize the carboxymethylated Cassia gum
completely. The excess of NaOH was back titrated with 0.5N HCI. The degree of
carboxymethylated Cassia gum was calculated as per the following equation given by Eyler et
al. 1947 [21]:

DS = 0.162A
1-0.058A
Where, A is milliequivalents of NaOH required per gram of the sample and the value of A was

calculated using the following equation:
(VNaOH X Nbase) - (Vacid X Nacid)
W
Where, Vbase and Noase are volume and the normality of sodium hydroxide used while Vacid and

Nacia are the volume and normality of hydrochloric acid used.

A=

2.3.2. Fourier Transform-Infrared spectroscopy (FT-IR).

The Fourier transform infrared spectra of Cassia gum and carboxymethylated Cassia
gum (IR-affinity-1, Shimadzu, Japan) were recorded using potassium bromide (KBr) disc
method in the spectrum range between 4000 cm™ — 400 cm™. Individually, Small amounts of
native and modified Cassia gum with KBr was compressed in pellets using IR hydraulic press
(CAP-15T, PCI Analytics, Mumbai, India).

2.3.3. X-Ray diffraction analysis (XRD).

Cassia gum powder and carboxymethylated Cassia gum powder were also
characterized by the diffraction patterns with nickel filters obtained by XRD (Miniflex 2,
Rigaku, Japan). Both samples were fixed on glass holders and scanned at an approximate
spectrum of 10°-80° diffraction angle (26) with a processing rate of 0.05/min, where, the
voltage was 30 kV and the current was 15 mA.

2.4. Preparation of microwave cross-linked carboxymethylated Cassia gum beads.

The interaction between carboxymethylated Cassia gum and calcium ion was explored
by preparing ionically gelled carboxymethylated Cassia gum beads in which diclofenac sodium
was used as a model drug. An aqueous solution of carboxymethylated Cassia gum (0.5 g)
containing diclofenac (100 mg) was added drop by drop into the calcium chloride (CaClz)
solution (10% w/v) using sterile syringe. The prepared beads were kept in CaClz solution for 5
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minute to complete the gel process and dried in the oven. After drying, prepared beads (200
mg) were modified in household microwave (MH-6348BS, LG Electronics India Pvt. Ltd.,
India) at variable power (160, 320, 480 and 640 W) where the optimized power (480 W) was
selected and beads were modified [22]. After successful microwave cross-linking of
carboxymethylated Cassia gum beads, the comparison of the release rate of carboxymethylated
Cassia gum beads with microwave cross-linked beads was carried out to confirm the cross
linking.

2.5. Evaluation of carboxymethylated Cassia gum beads with microwave cross-linked
carboxymethylated Cassia gum beads.

2.5.1. Fourier Transform-Infrared spectral analysis (FT-IR).

KBr pellet technique was employed to record the FT-IR spectra of diclofenac sodium
drug loaded carboxymethylated Cassia gum beads and microwave cross-linked
carboxymethylated Cassia gum beads. Required amount of both beads (2 mg) were precisely
weighed and triturated in pestle and mortar with KBr (100 mg) individually. In IR hydraulic
presses (80 kg/cm?) (CAP-15 T, PCI Analytics, Mumbai, India), the mixture was pressed into
pellets for 30 sec. Scans between 4000 cm™ and 400 cm™ were recorded for spectral analysis
(IR Affinity-1, Shimadzu, Japan).

2.5.2. Determination of Entrapment efficiency.

The total entrapment of drug, diclofenac sodium was determined
spectrophotometrically at wavelength 276 nm, which is present in weighed quantities of dried
beads (Cary 5000. Varian, Australia). In the phosphate buffer (pH 6.8) solution, 100 mg beads
were smashed and digested under the probe sonicator (Q55, Q Sonica, USA) to an intensity of
55% over five minute. Then, filter out the dispersed particles and analyze the filtrate for drug

content. Further, the efficiency of trapping (EE) was calculated using equation:-
amount of diclofenac found in beads

Ent t Effici =
ntrapment Ef ficiency Total diclofenac used in the preparation of beads i

% 100

2.5.3. In vitro release behaviour.

By utilizing USP Type-Il dissolution apparartus (TDL-08L. Electrolab. India), a
comparative in vitro release analysis of carboxymethylated Cassia gum beads with microwave
cross-linked carboxymethylated Cassia gum beads were conducted. Beads (equal to 100 mg of
drug) were put into muslin cloth and tied on paddle in a dissolution apparatus filled with
phosphate buffer (1000 ml, pH 6.8). The temperature was maintained of (37+£0.5)°C at 50 rpm
for 24 h. 5 ml of sample aliquots were removed at periodic intervals and substituted by
equivalent new medium quantity. Using UV-spectrophotometer (Cary 5000, Varian,
Australia), the obtained samples were evaluated at 274 nm for the content of diclofenac sodium
[13].

3. Results and Discussion

Carboxymethylated Cassia gum, so obtained, was found to be off-white color and
odourless. The results of degree of substitution (Y1) of various batches of prepared
carboxymethylated Cassia gum as per the design protocol are presented in Table 1.
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Table 1. Evaluation of various batches of carboxymethylated Cassia gum prepared as per central composite

design.
Run | Microwave Power (W) (X1) Microwave Time Degree of substitution Percent yield (%)
(minute) (X5) Y1)

1 50 2.5 0.986 96.1
2 100 2.5 0.871 98.7
3 150 2.5 0.711 99.5
4 50 5 0.387 91.4
5 100 5 0.429 89.9
6 150 5 0.049 97.9
7 50 7.5 2.592 79.5
8 100 7.5 2.250 79.1
9 150 7.5 2.592 78.2
10 100 5 0.227 91

11 100 5 0.429 89.4
12 100 5 0.430 88.8
13 100 5 0.387 89

The results were fitted in various polynomial models and it was observed that the
response (Y1) i.e. degree of substitution fitted best into the quadratic response surface model.
The polynomial model for the response Y1 can be expressed by following equation.

Y, = 450826 — 0.004243X, — 1.86759X, + 0.000550X, X, — 2.75 x 1076X? + 0.213699X2

On subjecting the polynomial model to ANOVA analysis, the model was found to be
significant (P<0.05) with non-significant lack of fit (P>0.05) as shown in table 2. The R? value
for response Y1 is 0.9839. Adequate precision measures the signal to noise ratio while the ratio
of 22.218 indicates an adequate signal. Thus, the model can be used to navigate the design
space.

Table 2. The coefficient estimate and the P-values of different variables of carboxymethylated Cassia gum.

Factor Y1
Estimate P-value
X1 -0.1022 0.1419
X2 0.8110 0.0001
X1X2 0.0688 0.3934
X1? -0.0069 0.9418
X22 1.34 0.0001

Degree of Substitution

45

MW Time (min) 3.5 MW Power (W)
25 50

Figure 1. Response surface plot indicating combined response of microwave power and time of exposure on
degree of substitution.

It can be observed that the response Y1 is affected significantly by the significant
synergistic linear and quadratic contributions of X2 Figure 1 illustrates the 3-dimensional
response surface plot showing the combined effect of microwave power (X1) and microwave
time (X2).
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It was also observed that the influence of microwave time on degree of substitution is
much greater than the influence of microwave power. Further, there is a curvilinear relationship
between microwave exposure time and degree of substitution. As, microwave exposure time
gets increased from 2.5 to 7.5 minutes, there was a slight decrease in the degree of substitution
but further increase in microwave exposure time increased the degree of substitution. Thus,
greater the microwave exposure, greater was the degree of substitution. Further, numerical
optimization was done through Design Expert Software, which gives three solutions. So, the
optimal parameters were found to be microwave power of 50W and microwave exposure time
of 7.36 minutes which provided carboxymethylated gum with a degree of substitution of 2.5
(predicted 2.3). Thus, the proposed model is suitable for synthesizing products with desired
degree of substitution.

3.1. Characterization of carboxymethylated Cassia gum.
3.1.1. FT-IR spectroscopy.

Figure 2 depicts the FT-IR spectra of crude Cassia gum with carboxymethylated Cassia
gum. In IR spectra of Cassia gum, broad absorption band at 3424.67 cm™ is due to O-H
stretching. Absorption peak originating at 2878.80 cm™ is due to C-H stretching vibrations of
alkanes. The peaks appearing at 1667 cm™ and 1164 cm™ owing to C=0 stretching vibration
(asymmetric) and C-O-C stretching respectively. On the other hand, the IR spectra of
carboxymethylated Cassia gum showed absorptive pattern with characteristics absorption peak
at 3441.06 cm™is due to O-H stretching. Peaks at 2920.27 cm™ and 2853.73 cm™ are due to C-
H stretching of alkanes. The peak appearing at 1735.96 cm™ is due to C=0 stretching while the
extra peak at 1616.37 cm™ and 1418.31 cm™ is attributed to C=0 stretching and carboxylate
anions confirm the addition of carboxymethyl group on Cassia gum. Also, Peak at 1026.14 cm™
! can be due to C-O stretching of —C-O-C- [23].
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Figure 2. FT-IR spectra of Cassia gum and carboxymethylated Cassia gum.
3.1.2. X-Ray diffraction analysis (XRD).

Figure 3 displays the X-Ray diffractogram of Cassia gum and carboxymethylated
Cassia gum. X-Ray diffraction spectra of Cassia gum are typical of amorphous material. On
the other hand, microwave assisted carboxymethylated Cassia gum displays sharp peak at
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16.74°, 24.3° (26) which indicates a slight increase in crystallinity of Cassia gum on
carboxymethylation.
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Figure 3. XRD spectra of Cassia gum and carboxymethylated Cassia gum
3.1.3. Pharmaceutical evaluation of beads.

Carboxymethylation of Cassia gum imparts anionic character on the gum; as a result,
it interacts with calcium ions to form gels. This property was used to prepare ionically gelled
beads of diclofenac which was used as the model drug. Further, it had already been reported
that microwaves can be used to tailor the release of drugs from beads by inducing cross-linking
[22]. In the present study, the beads prepared were cross-linked by treatment with microwave
exposure at different powers. The beads cross-linked at less than 480W were found to erode at
a faster pace while beads cross-linked on more than or equal to 480W power were found to be
porous, so cross-linking at 480W was considered satisfactory.
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Figure 4. FT-IR spectra of carboxymethylated Cassia gum beads and microwave cross-linked Cassia gum
beads.

3.1.4. FT-IR spectra of beads.

The FT-IR spectra of carboxymethylated Cassia gum beads (Figure 4) showed the
broad absorption band at 3455.43 cm™ can be due to OH stretching and absorption peak
originated at 2628.64 cm™ due to C-H stretching vibrations of alkanes. Peaks at 1629.37 cm™
and 1420.05 cm™ are due to C=0 asymmetric stretching vibrations of carboxylic acid of
glucuronic acid while at 1061.61 cm™, peak was seen which can be due to C-O-C stretching.
The FT-IR spectra of microwave cross-linked carboxymethylated Cassia gum beads showed
absorptive pattern with a characteristic absorption peak at 3422.45 cm™ and 2628.94 cm™ s
due to OH stretching and C-H stretching of alkanes respectively. The peaks appearing at

https://biointerfaceresearch.com/ 6232


https://doi.org/10.33263/BRIAC105.62266235
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC105.62266235

1614.31 cm™ is attributed to C=0 stretching while the peak at 1420.02 cm™ and 1063.02 cm'?
corresponds to carboxylate anions and C-O stretching of -C-O-C respectively [24].

3.1.5. Entrapment efficiency.

The entrapment efficiency of diclofenac sodium in carboxymethylated Cassia gum
beads and microwave cross-linked carboxymethylated Cassia gum beads were found to be
64.4% and 61.7% respectively. Thus, it was concluded that there was no significant change of
microwave exposure on the drug content of beads.

3.1.6. In vitro drug release.

The in vitro drug release of diclofenac sodium loaded microwave assisted
carboxymethylated Cassia gum beads and microwave cross-linked carboxymethylated Cassia
gum beads are shown in Figure 5. It was observed that almost 100% of the drug got release
within 60 minutes for both carboxymethylated Cassia gum beads and microwave cross-linked
carboxymethylated Cassia gum beads. Thus, no significant difference in in vitro drug release
was observed on treatment with microwave radiation. During an earlier study, microwave
exposure of chitosan beads was also reported to modify the release of drug due to cross-linking
induced by microwaves [22]. However, in the present study not such effect was observed.

To determine the kinetics and release mechanism, the data was analysed to various
models i.e. zero order, first order, Higuchi and Korsmeyer-Peppas. The R? values for zero
order, first order, Higuchi and Korsmeyer-Peppas release kinetics were found to be 0.919,
0.268, 0.457 and 0.726 respectively for carboxymethylated Cassia gum beads, while for the
carboxymethylated Cassia gum beads cross-linked using microwave showed respective R?
value of 0.923, 0.241, 0.419 and 0.690 respectively. The results thus indicate that the release
of diclofenac from the beads follows zero order kinetics. Further, the value of release exponent
(n) for carboxymethylated Cassia gum beads and microwave cross-linked carboxymethylated
Cassia gum beads were found to be 0.82 and 0.78 respectively, which points to the anomalous
release mechanism i.e. combination of erosion and diffusion.

120 1 Carboxymethvlated

cassia gum beads
100 -

Microwawve cross-linked
BO - carboxymethylated
cassia gum beads

60

40

Cumukative release (%)

20 +

[ 10 20 30 40 50 60 70
Time (min)

Figure 5. In vitro release profiles of carboxymethylated Cassia gum beads and microwave cross-linked
carboxymethylated Cassia gum beads.

4. Conclusions

Carboxymethylation of Cassia gum was achieved by employing microwave assisted
technique. The response surface methodology was used to optimize the effect of microwave
power and microwave exposure time on the degree of substitution. FT-IR and XRD
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investigations confirmed the carboxymethylation of Cassia gum where XRD results indicated
that carboxymethylation of Cassia gum imparts crystallinity to the inherent amorphous cassia
gum. The obtained carboxymethylated Cassia gum was finally formulated into ionically gelled
beads and further evaluated for pharmaceutical applications. The prepared beads were also
treated with microwave exposure to modify the release behavior. However, no significant
influence of microwave exposure on the release behavior of Ca?*- gelled carboxymethyl Cassia
gum was observed. On the basis of the results of our study, it can be concluded from that
microwave assisted carboxymethyl modification of Cassia gum can be utilized to derive a
polymeric material with potential pharmaceutical applications.
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