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ABSTRACT

Objective: This study was aimed to study the effect of degree of esterification (DE) on the thiolation of pectin, the potential to be used as materials
for buccal delivery of diclofenac as well as the effect of DE on the physicochemical and mucoadhesive properties of the buccal films.

Methods: Low-methoxyl pectin (LMP) and high-methoxyl pectin (HMP) were synthesized into low-methoxyl thiolated pectin (LMTP) and high-
methoxyl thiolated pectin (HMTP) by esterification reaction using thioglycolic acid (TGA). The degree of thiolation was evaluated using Ellman’s
reaction and FT-IR. Pectins were fabricated into buccal films with diclofenac as a drug model and glycerin as the plasticizer. The obtained films were
then studied for swelling and erosion percentage, mucoadhesion time, and in vitro drug release.

Results: HMTP and LMTP showed no significant difference in the degree of thiolation regardless of DE (p>0.05). The fabricated LMTP and HMTP
films showed significantly higher mucoadhesion time and swelling than HMP and LMP (p<0.05). Moreover, HMTP and LMTP also exhibited
sustained release of diclofenac compared to LMP (p<0.05). HMTP showed the highest mucoadhesion time, swelling capacity, and retention of drug
release among all groups (p<0.05).

Conclusion: Thiolated pectin showed prospective potential to be utilized as a biopolymer for buccal delivery of diclofenac with improved

mucoadhesion and controlled drug delivery, regardless of their DE.

Keywords: Buccal, Diclofenac, Mucoadhesive, Pectin, Thiolated, Buccal drug delivery

© 2023 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/)
DOL: https://dx.doi.org/10.22159 /ijap.2023v15i5.48122. Journal homepage: https://innovareacademics.in/journals/index.php/ijap

INTRODUCTION

Thiolated polymers (thiomers) have been extensively studied in the
past years due to their possibility to be designed as degradable
biopolymers with increased mucoadhesive properties [1]. This
improved mucoadhesive property raises the potential for
application in the drug delivery field by prolonging residence time
due to disulfide bridges formation that allows stronger adhesion
through covalent bonding in the mucosal membrane which will
result in optimal delivery, improved bioavailability, and possible
controlled release properties of the drug [1, 2]. The presence of thiol
groups has also been used to improve mucoadhesion. Physical and
mechanical properties, and minimize clearance [3-6].

Lately, several polymers from synthetic and natural origin have been
subjected to thiolation, such as polysaccharides [7, 8], proteins [9,
10], acrylate polymers [11, 12], silicone polymers [13, 14], and
others [2]. Among natural polymers, carbohydrates such as chitosan
[15, 16], pectin [17-19], gums [20, 21], and cellulose have been
explored and modified as possible thiomer sources [22, 23]. Pectin, a
natural polysaccharide consisting of (1-4)-linked-a-D-galacturonic
acid residues, was among the carbohydrates highly studied for
thiolation due to its abundance, low cost, biodegradability, and
possession of modifiable groups [17-19, 24]. The degree of
esterification (DE) of pectin somehow affects the physicochemical
and gelation properties of pectin, which also depends on the pH,
molecular weight, temperature, and concentration of pectin [25].

Past studies have performed pectin thiol modifications through
amide bond formation [19], ester bond formation [26], and
preactivation methods [27]. Among these, esterification of the
hydroxyl groups of pectin with thioglycolic acid results in thiol
group-bearing pectin and shows promising potential due to ease of
production and minimum toxicity [26].

However, despite successfully synthesizing thiolated pectin through
various methods, studies have yet to compare the effect of the DE of
thiolated pectin on the self-crosslinking efficiency and

physicochemical and mechanical properties of the forming gel. High
methoxyl pectin (HMP) has higher DE (50-80%) compared to low
methoxyl pectin (LMP; DE<50%), and they naturally form a gel at
different mechanisms. HMP generally requires low pH and high
concentration of co-solutes, such as sucrose, whereas LMP requires
the addition of divalent cations, such as calcium, to form crosslinked
gel [28]. Hence, gel networks formed by different types of pectin
may possess different properties [25, 29].

This study aimed to analyze the properties of thiolated low-
methoxyl (LMTP) and high-methoxyl pectin (HMTP) and further
evaluate their potential as a material for buccal delivery. Buccal
delivery was chosen since it provides a convenient and non-invasive
systemic delivery in contrast to the parenteral route, bypasses the
harsh conditions of the gastrointestinal tract associated with oral
delivery, and avoids hepatic first-pass metabolism while providing
faster onset of action [26]. Among several buccal dosage forms, the
buccal film is preferred with its advantages, such as good flexibility,
elasticity, and high tensile strength [30]. The prepared buccal films
were loaded with diclofenac sodium as the drug model with low
bioavailability (50-60%) and could benefit from delivery through
the buccal route [31]. The impact of the DE of pectin was
investigated and evaluated by comparing buccal films made with
LMTP and HMTP with the non-modified ones.

MATERIALS AND METHODS
Materials

The pectin used was GENU®Pectin LM-104AS from CPKelco
Company (USA) with a degree of esterification of 27% for LMP and
Ceampectin HMRS 4710 from CEAMSA (Spain) with a degree of
esterification of 70% for HMP. Thioglycolic acid was purchased from
TCI (Tokyo Chemical Industry, Japan), and Ellman’s reagent was
purchased from Sigma Aldrich, Ltd (USA). Meanwhile, diclofenac
sodium was purchased from PT. Kimia Farma, Tbk (Indonesia). All
other reagents were purchased from Merck Chemicals or Sigma
Aldrich and were of reagent grade.
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Preparation of thiolated pectin

Three hundred mg of the LMP and HMP were separately dissolved in
30 ml water. Later, 388 mg of thioglycolic acid (TGA), and 800 pl of
7N HCI were added into each pectin mixture based on the moles
ratio between TGA and galacturonic monomer of pectin (4:1). Both
mixtures were stirred at 220 rpm, 60 °C overnight before then
poured to 200 ml of methanol and incubated for 15 min and were
subjected to vacuum filtration with Whatman® filter paper No. 1.
The precipitates were dried at room temperature overnight and
were then rinsed with methanol in vacuum filtration until the
methanol filtrate was free of TGA residue (confirmed by Ellman’s
reagent negative result). The final precipitate was then air-dried at
room temperature overnight and kept sealed until further use.

Thiolated pectin characterization
Degree of thiolation

The concentration of free sulfhydryl groups available in modified
pectin samples was quantified using Ellman’s reagent with the
previously mentioned method with slight modifications [32]. Briefly,
50 mg of each LMTP and HMTP was dissolved in 10 ml 0.1 M
phosphate buffer saline (PBS) with a pH of 8.0. Two ml of the
solution was aliquoted and reacted with 2 ml of Ellman’s reagent.
The Ellman’s reagent was made by dissolving 4 mg of DTNB in 5 ml
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of 0.2 M PBS. The reaction was allowed to happen at room
temperature with continuous shaking for 15 min. The measured
absorbance at a maximum wavelength of 410 nm was recorded
using Spectrophotometer UV-1280 (Shimadzu, Japan). The
calibration curve was made using L-cysteine as the standard for the
molar concentration of the free sulfhydryl group.

Fourier-transform infrared (FT-IR) analysis

Functional group analysis of the pectin was performed by FT-IR
Spectrometer Spectrum Two (Perkin-Elmer, USA) at a wavenumber
0f 450-4000 cm! with a resolution of 4/cm. Baseline correction was
performed by deducting the sample absorbance with the present
atmosphere. The obtained spectra were then processed using
Software from Perkin-Elmer Spectrum IR Version 10.6.1.

Fabrication of diclofenac-loaded buccal film

The LMTP and HMTP buccal films were fabricated using a solvent-
casting evaporation technique by mixing either LMTP or HMTP with
diclofenac and glycerin in water at the ratio shown in table 1.
Subsequently, 1 ml of each mixture was cast on a silicone mold with
a 1.8 cm diameter. The casted films were then dried in the oven for
two days at 40 °C until flexible and dry films were obtained. The
non-modified pectin films were also prepared as controls following
the same method.

Table 1: Composition of diclofenac-loaded films

Groups Film composition (% w/v)

Pectin or modified-pectin Glycerin Diclofenac sodium Water
LMP 2 2 1 95
HMP 2 2 1 95
LMTP 2 2 1 95
HMTP 2 2 1 95

Characterization of buccal film
Swelling and erosion test

The swelling study was determined according to the previously
mentioned method with slight modifications [33]. Briefly, each film
was immersed in phosphate buffer pH 6.8 for 1 min. The immersed
film was then taken out after 1 min, and the excess liquid was
removed by blotting it on tissue paper until dry. The weight of the
sample before and after immersion was recorded to calculate the
swelling percentage using the following equation:

% Swelling = (Wt — Wo)/Wo x100 %

in which Wo is the weight of the dry film before immersion and Wtis
the weight of the film after immersion.

Sequentially, the immersed film was dried in an oven for 24 h and then
kept in a desiccator overnight. The remaining weight of the film was
recorded to determine the percent of erosion by the following equation:

% Erosion = (Wo — Wx)/Wo x 100 %

Where Wo is the weight of the dry film before immersion and Wx is
the weight of the film remaining after immersion and subsequent
drying.

Ex vivo mucoadhesion study

The ex vivo mucoadhesion of the films was evaluated by performing
a wash-off test with slight modification [26]. Briefly, a freshly
excised porcine buccal mucosa membrane obtained from a local
slaughterhouse was cleaned in PBS pH 7.4. It was pasted on a round
plastic mica with 3 cm in diameter using super glue with the
mucosal side facing upwards. The films were adhered to the
membrane-attached mica, and the mica part of the layers was tied to
the bottom of the USP tablet disintegration tube apparatus.
Afterward, the tube was immersed in 900 ml of PBS pH 6.8 at 37+0.5
° C, and the machine was operated to give repeated up and down
movement to the membrane. The time required until the film
completely detached or eroded from the surface of the buccal

membrane was recorded as the residence time of the film on the
mucosal membrane.

In vitro release study

In vitro release test was performed by measuring the amount of
diclofenac released in a simulated physiological fluid over a period
of time. Each diclofenac-loaded LMTP, HMTP, and non-modified
pectin (LMP and HMP) buccal film was inserted into different
dialysis membranes with a molecular weight cut-off of 12 kDa.
Separately, the samples were put inside a beaker with 20 ml PBS pH
6.8 as the dissolution medium with constant stirring at 100 rpm at
37 °C. Later, 1 ml of the medium was taken out over predetermined
time points (0, 5, 15, 30, 60, 120, 240 min) and replenished with the
same amount of fresh dissolution medium. The amount of diclofenac
in the withdrawn medium was then calculated by measuring its
absorbance using Spectrophotometer UV-Vis at a wavelength of 274
nm. Finally, the percentage of drug released over a period of time for
each buccal film was calculated using the following equation:

% Cumulative release = Vs/VdxA(t—1) + At

In which Vs is the volume of sample withdrawn in milliliters, Vd is the
volume of dissolution medium, A1) is the percentage of drug released
before time t, and A: s the percentage of drug released on time t.

Statistical and data analysis

All the quantitative data were obtained from a sample size (n) of
three per group unless otherwise stated. The data were presented as
meantstandard deviation (SD). The statistical significance was
carried out using one-way ANOVA accompanied by Tukey’s post hoc
testing, where a p-value of less than 0.05 was considered a
statistically significant difference. Meanwhile, data that were not
normally distributed was analyzed using the Kruskal-Wallis test
with Conover post hoc testing, where a p-value of less than 0.05 was
considered a statistically significant difference.

RESULTS

LMP and HMP have successfully been modified to possess sulfhydryl
groups via an esterification reaction with TGA. The degree of
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thiolation (free thiol groups) was calculated using Ellman’s reagent,
which was found to be 9.22+0.645 pumol/g and 8.963+0.883 pmol/g
for LMTP and HMTP, respectively. The reaction yield was
18.46+0.66 % for LMTP and 22.93+1.44 % for HMTP. These results
showed that the thiolation of pectin was successful and that there
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was no significant difference in thiol modification efficiency between
the two groups (p>0.05). These results showed that the extent of
pectin esterification with TGA was not affected by the DE of pectin
since the reaction targeted the pectin hydroxyl groups, as predicted
in fig. 1.

” R=HorCH,

Thiclated Pectin

Fig. 1: Reaction overview of thiolated pectin synthesis

In agreement with the result in fig. 1, the FT-IR spectra shown in fig.
2 exhibited higher intensity for ester groups in modified pectin
compared to non-modified pectin. The spectra of LMTP (fig. 2 top,
black line) showed intense carboxyl and ester bands at around
1700-1630 and 1750-1730 cm, respectively, compared to LMP (fig.
2 top, red line) [34]. This signified that a higher amount of ester
groups was present in LMTP based on the higher intensity of the
ester band at 1733 cm!, confirming the success of the esterification.
The same results were observed for HMTP (fig. 2 bottom, pink line),

which exhibited higher intensity bands at a wavenumber of 1733
and 1669.5 cm! corresponding to higher amounts of ester and
carboxylic groups, respectively, compared to HMP spectra (fig. 2
bottom, blue line). Moreover, the presence of-SH weak-broad
signature peak was observed at around 2600-2550 cm in both
LMTP and HMTP, but none in LMP and HMP. Although the bands
were not prominent, they did not reflect the exact amount of the-SH
group available. Instead, they were the natural molecular vibration
pattern of the thiol group [26, 34].
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Fig. 2: FT-IR spectra of LMP and LMTP (top), and HMP and HMTP (bottom)

The diclofenac-loaded buccal films were successfully fabricated
using the solvent-casting evaporation method. The obtained films of
all groups were shown to be flexible and opaque in appearance with
a white to yellowish-white color, as displayed in fig. 3. The overall
appearance also showed a relatively smoother surface for the
thiolated pectin compared to the non-modified pectin, regardless of
their DE. The thickness of the films obtained ranged from 0.11 to
0.22 mm, which was acceptable for buccal delivery [35].

The properties of each buccal film are summarized in table 2. Based
on the swelling capacity, the HMTP film possessed the highest result,
with a 121.52+17.33% weight increase compared to the initial
weight. LMP film showed the lowest swelling percentage, gaining

Fig. 3: Diclofenac-loaded buccal films of non-modified pectin
and thiolated pectin. a. LMP films. b. HMP films. c. LMTP film SD
HMTP films
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only 3.25+1.39%. There was a significant difference in the swelling
capacity of LMP and LMTP films. Additionally, the swelling capacity
of HMTP film was significantly increased compared to HMP film
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(p<0.05). Besides, HMTP film was significantly greater in swelling
percentage than LMTP film. Nevertheless, the results indicated that
all films were able to uptake water.

Table 2: Characterization of swelling, erosion, and mucoadhesion behavior of diclofenac-loaded buccal films

Groups Characterization
Swelling (%) Erosion (%) Mucoadhesion time (min)
LMP 3.25+1.39 65.41+5.82 1.54+0.71
HMP 13.57+3.82 35.76+7.08 2.62+0.62
LMTP 18.75+3.28¢ 3.60+2.33a 56.25+4.95a¢
HMTP 121.52+17.33b 10.65+2.78P 68.02+2.76P

Data were expressed as mean+SD (n=3).2p<0.05 compared to LMP films, bp<0.05 compared to HMP films, ¢p<0.05 compared to HMTP films.

In addition, the result of the erosion test in table 2 showed that both
non-modified groups (LMP and HMP) exhibited significantly higher
erosion compared to the modified groups (LMTP and HMTP). The
LMP films were found to be quickly eroded, with 65.41+5.82%
erosion after 1 min immersion, and the LMTP films showed the least
erosion (3.60+2.33%). This indicated that thiol modification of
pectin significantly increased the resistance of the buccal films,
albeit there was no significant difference between LMTP and HMTP
film (p>0.05).

In regards to the in vitro mucoadhesion test, the results showed that
both of the thiolated groups (LMTP and HMTP) displayed
significantly higher mucoadhesion residence time compared to the
non-thiolated groups (LMP and HMP) (p<0.05). The LMTP and
HMTP groups were able to remain adhered to the buccal membrane
for 56.25+4.95 and 68.02+2.76 min, respectively, while the non-
thiolated groups showed residence time of under 3.5 min due to the
films being either completely degraded or detached from the
membrane. Moreover, HMTP resided significantly longer than LMTP,
aligned with the swelling percentage result.

In order to investigate the effect of thiolation on the release
properties of pectin buccal film, in vitro release study was
performed. The results plotted in fig. 4 revealed that thiolated
pectins significantly sustained the release of diclofenac from buccal
films. LMP films exhibited burst release of diclofenac during the first
15 min, which was completed after 4 h (fig. 4). Meanwhile, LMTP
and HMTP films were able to sustain the release of diclofenac, with
less than 50 % of drugs released within 4 h.
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Fig. 4: Drug release profile of sodium diclofenac from pectin
and thiolated pectin buccal film. Data was presented as mean
+SD (n=3)

DISCUSSION

Our study showed that pectin could undergo modification into a
thiolated polymer by reacting it with TGA, resulting in the pectin
thioglycolic acid conjugate, as also reported previously [26]. In this
study, however, LMP and HMP were modified and prepared as

buccal films in order to evaluate the effect of the DE of pectin on the
properties of the final dosage form. The success of the reaction was
confirmed by Ellman’s reaction and FT-IR methods. The FT-IR
spectra of LMTP and HMTP showed the presence of the-SH band and
increased intensity of the ester band compared to LMP and HMP,
whereas the absorbance results of both LMTP and HMTP after
reaction with Ellman’s reagent also indicated the presence of free thiol
groups after modification. The degree of thiolation was investigated to
evaluate the amount of free thiol groups in the modified polymer
which were ready to interact with mucus. However, it was calculated
that there was no significant difference in thiolation efficiency
regardless of the DE, as confirmed by the spectrophotometry results.
Even though it was initially thought that different DE of pectin might
affect the modification process, our study proved that it gave little to
no effect on the thiolation degree of the resulting thiolated polymer.
This phenomenon concluded that the esterification reaction was not
hindered sterically by the presence of methoxyl group substitution in
pectin polymer backbones.

Interestingly, a significant difference in properties was observed
when the different DE of pectin thiomers were made into buccal
films. LMTP films showed lower swelling percentage and shorter
residence time in the mucosal membrane compared to HMTP, as
LMP films were also inferior to HMP films. Swelling capacity is one
of the most important properties of buccal films, as it affects the
release kinetics and mucoadhesive property of the film [35]. In this
case, the lower swelling capacity of the buccal films could decrease
the mucoadhesion time, as less free thiol groups in polymer chains
were exposed to the mucosal membrane during the swelling
process, lowering the adhesion interaction between the film and
mucus. The discrepancy between LMP and HMP might be attributed
to the different gelling mechanisms between LMP and HMP. LMP
typically forms gels by ionotropic mechanism, which is in the
presence of divalent cations that are able to crosslink the free
carboxylic acids on the polymer's backbone. Meanwhile, HMP forms
gels by hydrophobic interaction at high concentrations [25].
However, the film casting method employed in this study did not
include the addition of divalent cations, thereby decreasing the
strength of LMP films. Finally, LMP films dissolved fastly in the
medium, as supported by the high erosion percentage of LMP and
decreased its weight. LMTP, on the other hand, became more
hydrophobic after modification and could form a stronger film with
the support of TGA conjugation, either via hydrophobic interactions
or disulfide crosslinking. This contributed to the higher swelling
percentage of LMTP films compared to LMP films. Nevertheless,
electrostatic repulsions between free carboxylic acid groups in
LMTP might decrease the crosslink density of the final films, hence
decreasing their ability to uptake and entrap water compared to
HMTP [36].

The erosion study was conducted to assess the resistance of each
buccal film against saliva and oral movement to ensure sufficient
contact between entrapped drug and mucous membrane [35]. As
expected, thiol modification of pectin improved the resistance of the
buccal films, as also in agreement with the previous studies [26, 35].
It was clearly demonstrated that LMP films eroded significantly after
immersion in water, which resulted from their high solubility in
water due to their abundant ionized carboxylic acid groups.
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Moreover, it was also found that the erosion percentages of LMTP
and HMTP films were not significantly different. Similar gelling
mechanism of LMTP and HMTP, which was mostly via hydrophobic
interactions, might better explain this phenomenon. Increased
hydrophobicity by TGA conjugation significantly improved their
resistance to erosion [26, 35].

In order to evaluate the mucoadhesion properties of the prepared
buccal films in regards to thiol modification, the residence time of
each buccal film on mucosal membranes was investigated. In
agreement with the previous studies [26, 27], the mucoadhesion
study showed significant improvement in residence time on mucosal
membranes observed in thiolated groups compared to the non-
modified ones. In another study, mucoadhesive thiolated pectin-
chitosan composites even demonstrated selective cytotoxicity when
loaded with standard anticancer treatment [37]. These proved the
hypothesis that the presence of thiol groups might enable
interaction between sulfhydryl groups in pectin with the cysteine
residues in the mucus, resulting in stronger covalent bond
interaction compared to the weaker ionic and hydrogen bonding
which occurred on non-modified pectin with mucus. Unmodified
pectin is hydrophilic, and its mucoadhesion property depends on the
hydrogen bond forming groups, i.e.,-OH groups, although it is also
able to form van der Waals interaction or ionic interaction [26].
Hence, after swelling in water, overhydration of pectin decreased
the interaction between pectin and mucus, leading to the easy
removal of non-modified pectin films from mucous membranes [26].
Moreover, HMTP interestingly showed significantly longer residence
time on the mucosal membrane compared to LMTP despite similar
free thiol group content. This might be due to the electrostatic
repulsions between negatively charged carboxylic acid groups of
LMTP and negatively charged mucin at pH 6.8 [38], decreasing the
interaction between LMTP films and mucous membranes.

In this study, diclofenac sodium was chosen as the drug model to be
delivered since it is one of the most prominent non-steroidal anti-
inflammatory drugs (NSAIDs) used clinically. Diclofenac has been
formulated into several commercially available dosage forms, such
as oral use, topical use, and transdermal. Buccal delivery is a
prospective alternative route of administration that could be
explored for diclofenac since diclofenac undergoes extensive first-
pass metabolism, which lowers its bioavailability to 50-60% when
delivered through the oral route [30, 31]. This problem can be
avoided by delivery through buccal route. Buccal route also provides
possible convenient systemic delivery with controlled release [30].
This delivery route is also proven especially beneficial for infection
in the mouth cavity (such as dental, gingival) where inflammation
might happen due to dental extraction or infection, thus enabling
delivery of the drug closer to the site of inflammation too.

The results of the drug release testing demonstrated that thiolated
pectin films were able to sustain the release of diclofenac compared
to non-thiolated pectin films. The burst-release of diclofenac from
LMP films might be attributed to the electrostatic repulsion between
negatively charged diclofenac and negatively charged carboxylic
acid groups of LMP, therefore facilitating the release of diclofenac
from the film. Nonetheless, HMP films were able to sustain the
release of diclofenac better compared to LMP due to its higher
hydrophobicity, although still less controlled compared to the more
hydrophobic LMTP and HMTP. These results proved that even
though DE did not affect the thiolation extent of the polymers, it did
affect the final properties, such as the release profile of drugs. It was
clearly observed that the thiolated pectin groups were able to
control drug release and decrease their affinity to water due to the
thiol modification that may have resulted in the disulfide bridge
crosslinking, thus lowering its hydrophilicity.

Finally, based on our finding of improved mucoadhesion on the
buccal membrane and controlled release behavior of the drug,
thiolated pectins were shown to possess potential as alternative
materials for mucoadhesive drug delivery purposes via buccal route,
regardless of their DE. However, HMTP films were preferred in
regard to their swelling capacity and adhesion to the mucous
membrane. Future studies can be conducted to characterize their
morphology and their mechanical properties.
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CONCLUSION

The synthesis of thiolated pectin was successful, as proven by the
FT-IR spectra characterization and thiolation efficiency of
8.476+0.313 pmol/g and 8.963+0.510 pmol/g for LMP and HMP,
respectively. The fabrication of the diclofenac-loaded films was also
successful, where the LMTP and HMTP films resulted in flexible,
opaque, and smooth films with higher water resistance, improved
mucoadhesion, and a more controlled release delivery of diclofenac
compared to the non-thiolated LMP and HMP films. The HMTP films
showed the highest residence time on the mucous membrane and
also managed to control the release of diclofenac to less than 50% of
the amount released in 4 h. This result indicated that the films
produced showed promising potential to be further developed as a
vehicle to assist the delivery of diclofenac sodium through the buccal
route.
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