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ABSTRACT

Aim: This study aimed to extract pectin from Citrus limon, synthesize thiolated pectin
(TFP), and assess its mucoadhesion capability utilizing /n-vitro and ex-vivo methodologies.
Materials and Methods: Wilhelmy s approach, the falling sphere method, the modified
physical balancing method, and others were used to measure the mucoadhesion force
of pectin and TFP and compared with chitosan (CS) and sodium carboxymethylcellulose
(SCMC). Results: FTIR spectra containing carboxyl and hydroxyl groups confirmed that
pectin formed a hydrogen connection with the mucosa. The outcome demonstrates that,
under the experimental setup utilized in this study, pectin’s mucoadhesive qualities were
equivalent to CS but less so than SCMC. The ability of the bulk of these polymers to adhere
to one another is dependent on non-covalent chemical connections such as hydrogen
bonds, ionic contacts, and van der Waals forces, amongst other types of interactions.
Since these interactions are not as strong as covalent connections, localization of dosage
forms cannot be guaranteed. To confirm the enhanced mucoadhesion potential of
pectin through the thiolation procedure, pectin was thiolated and TFP was assessed for
mucoadhesion potential using the same methodologies. Conclusion: In nutshell, pectin
has good mucoadhesion properties, but to use pectin in mucoadhesion drug delivery
systems, it is necessary to increase pectin’s mucoadhesion potential through appropriate
methods like thiolation, etc.
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INTRODUCTION

The process of attaching two surfaces is by disulfide bonds created when the thiol

called adhesion. Mucoadhesion is the word side chains of thiolated polymers contact
the cysteine-rich subdomains of the mucus
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to enhance the adhesive characteristics of ~ They also have a longer residence time on

polymers.*® Weak bioadhesion is exhibited ~mucosal tissue for delivery systems and high
by mucoadhesive polymers because they are  cohesive properties that prevent the failure

based on the development of non-covalent of adhesive bonding, Many polymers have

connections.”” These types of bonding
include hydrogen bonds, van der Waal
forces, and ionic interactions.

Thiolated polymers also referred to as
thiomers, are a novel class of polymeric
matrices that imitate the way released
mucus glycoproteins adhere to mucus
layers naturally by covalently joining them
via disulfide bonds."* The mucoadhesive
polymer and the mucus layer are connected

successfully undergone thiolation processes,
including chitosan (CS), poly(acrylic acid),
alginate, and polycarbophil.'"'®

One of the most populatly growing tree
fruits wotldwide is the lemon (Citrus limon
from the Rutaceae family). In terms of both
economic worth and overall production,
citrus fruits lead the pack. Peels (rind skin)
and pulp make up the two sections of
citrus fruits. The pulp, which is the fruit’s
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edible portion, may be easily distinguished from the
peels, which are a good soutrce of pectin.'” Natural
polysaccharides and their derivatives are extensively used
as biodegradable and biocompatible polymers in the
pharmaceutical and food industries. A low-cost, secure
polymer obtained from the citrus peel or apple pomace,
pectin is a heterogenous polysaccharide. It contains linear
chains of (1-4) connected B-d-galacturonic acid residues
that are infrequently interrupted by rhamnogalacturonic
acid residues, as well as a-l-rhamnopyranose via -1,2
linkage. Backbone galacturonic acid has some methyl
esterification.”” Due to its advantageous gelling qualities,
pectin is frequently utilized in food technology.

A variety of pharmacological and biological uses
benefit from pectin’s biocompatibility, biodegradability,
and lack of toxicity?' In pharmaceutical science, it is
also employed and researched as a carrier and coating
substance. It can be used as a medication delivery device
for the best drug distribution and target release due to
its bioadhesive characteristics toward gastrointestinal

tissues. '

The goal of the current work is to enhance
pectin’s mucoadhesive function by the creation of
pectin thioglycolic acid conjugate. Using freshly excised
intestinal mucosa, an ex vivo bioadhesion study was used
to compare the mucoadhesive characteristics of pectin

and TFP.

MATERIALS AND METHODS

Pectin was purchased from Sigma Aldrich, St. Louis, MO,
USA. CS and sodium carboxymethylcellulose (SCMC)
was bought from Yarrow Chemicals Ltd, Mumbai, India.
The gum was produced from fresh citrus fruits that were
acquired at the neighborhood market. The remaining
solvents and chemicals used were of analytical grade.

Method of Isolation and Extraction

The methodology described by Alfa Ezhil Rose ¢f a/. for
pectin extraction was used.” Distilled water (150 ml) was
mixed with 5 g of powdered lemon peel. To keep the pH
constant (1.5), around 0.8 ml of 70% HNO, was added.
The aforementioned solution was agitated for 60 min at
80°C to generate an acid extract, which was then filtered
three times before being collected separately. This was
allowed to coagulate for three hours at 4°C using an equal
volume of 99.1% ethanol. Centrifugation was used to
separate the insoluble fraction, which was subsequently
cleaned with 55% and 75% ethanol, respectively.

Characterization of Pectin?

The extracted pectin was characterized for the following
parameters.

Moisture Content

One gram of the material was weighed in desiccators,
dried in an oven set to 100°C for four hours, and
then chilled over silica gel. To achieve agreement with
the Fischer method, the observed percent moisture is
multiplied by one percent.

Equivalent Weight

The amount of esterification and anhydrouronic acid
concentration is determined using equivalent weight.
Samples equivalent to 0.5 g were taken in glass contained
and 5 ml of ethanol was added and mixed. Then, 100 ml
of distilled water and 1 g of salt chloride were also
added to improve the terminal point. The last step was
adding 6 drops of phenol red and titrating it against
0.1 N sodium hydroxide. Purple was used to signify the
titration point. This neutralized solution was kept to
measure the amount of methyl.

Weight of sample X 1000
ml of alkali X normality of alkali

Equivalent weight =

Methoxyl Content

By saponifying the pectin and titrating the released
groups, the methyl
ascertained. After determining the neutral solution’s
equivalent weight, sodium hydroxide (0.25 N) was added
to 25 ml. The mixture was briskly stirred, then left to
stand for 30 min at 25°C. After waiting for 30 min, 25 ml
of 0.25 N HCI was added, and it was titrated using the
equivalent weight titration method against 0.1 N sodium

carboxyl concentration was

hydroxide to the same endpoint as before.

ml of alkali X Normality of alkali X 3.1

Methoxyl content % = -
Weight of sample

Estimation of Anhydrouronic acid

By using equivalent weight and the methoxyl content
value, it is important to know the anhydrouronic
acid concentration to assess the purity and level of
esterification. The total AUA of pectin was calculated
using the following formula.

176 x 0.1z x 100w x 1000 + 176 x 0.1y X100
w X 1000 w X 1000

% of AUA =

Where AUA’s molecular weight unit is 176 g, z is the
corresponding weight in ml of sodium hydroxide, y is
the methoxyl content in ml of sodium hydroxide, and w
is the sample’s weight.
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Determination of degree of esterification (DE)

Based on methoxyl and AUA levels, the DE of pectin

was assessed and determined using the formula;®

176 — % Methoxyl content
31-% AUA

% DE = X100

Where AUA=Anhydrouronic acid content

Flow Properties

The flow characteristics of extracted pectin were
assessed for the angle of repose, bulk density, tapped
density, Hausner’s ratio, and compressibility index.

Synthesis of TFP%27

The isolated pectin was esterified using thioglycolic acid
in the presence of HCI to obtain TFP. Six grams of
pectin were mixed with 50 ml of hot distilled water.
Thioglycolic acid (3.6 ml) was combined with 2 ml of
HCI (7N), and the mixture was then left to react for
around two and a half hours at 80°C. In order to create
the final precipitate, the reaction mixture was transferred
into 0.5 liters of methanol and then discarded. After
two or three washing in methanol, this was allowed to
dry and then placed in a desiccator for storage. TFP was
produced in an environment where there was no oxygen
(carried out under argon).

Characterization of TFP

Thiol conjugation was confirmed by characterizing TFP
in the following methods.

FTIR

The interaction of electromagnetic radiation with
rotational or vibrational resonances inside a molecular
structure is investigated using infrared spectroscopy.
Using the KBr disc approach, the polymer’s FTIR
spectra were captured. The reference (sigma standard)

and the measured scan were then compared.””

XRD analysis

TFP’s crystallinity was investigated utilizing XRD
analysis using Inxitu Benchtop XRD. The subject
material is ground into a fine powder and homogenized
before the examination, and the bulk composition is
determined based on an average. The following settings
were used to scan polymers in their ambient state
between 5 and 80 diffraction angles: Voltage: 35 kV,

current: 30 mA, and 5 scans per minute.**

Assessment of mucoadhesion potential of pectin
and TFP

Through iz wvitro and ex wivo procedures, the

mucoadhesive properties of the extracted pectin and

TFP were compared with those of CS and SCMC. The
mucous was purchased from a local market, for ex vivo
methods after an animal was sacrificed, and kept there
until it was removed for the experiment using Tyrode’s
solution.

Mucoadhesion studies via rotating cylinder

At a compression force of 5 tonnes, 200 mg of
mucoadhesive polymers were pressed for thirty seconds
using a die with a diameter of 13 mm on an infrared
hydraulic press (Perkin Elmer, England). The discs that
were manufactured had a diameter of 13 mm and an
average thickness of 1.26 mm. By following the steps
outlined below, the adhesion time of the produced
discs to the stomach mucosa was determined using the
rotating cylinder method. Before the mucosa was
stretched onto a cylinder made of stainless steel,
discs were connected to newly excised areas of it
(approximately 12 cm? in total) (diameter 2.5 cm, height
3.7 cm; apparatus I-Basket, USP). After being completely
submerged in 100 ml of simulated stomach fluid at a
temperature of 37.2 degrees Celsius, the cylinder was
then moved into the dissolution device (USP Type-I).
The cylinder was spun at a rate of 125 revolutions per
minute (RPM). Every thirty minutes, the test system
was subjected to a visual inspection, and the resulting
changes were meticulously documented. This process
continued until all of the discs had either dissolved or
been detached from the mucosa. At a minimum of five
different times, this test was performed on each polymer

disc.’!
Shear stress measurement®?

Two 10 X10 X 0.5 centimeter-thick rectangular glass
plates were used to make up the device, similar to one
described in the literature.” A table now has one of the
glass plates permanently adhered to its surface. The
second glass plate, which is suspended from a pan by a
wire and pulley and is located above the first glass plate,
is in the uppermost position. It will take more force to
separate the upper plate if any mucoadhesive material
is sandwiched between the plates. Pectin and TFP are
manufactured in a range of concentrations, such as
0.5% and 1.5% w/v. A 100 g weight was placed on the
upper plate to disperse the pectin and TFP solution
between the two plates after it had been deposited in a
predetermined volume between the plates. The weight
that had been left on the upper plate was removed after
five minutes. The weights on the pan steadily increased
until the upper plate separated from the bottom plate.
The test was once more carried out by extending the
solution’s contact time with the plates (up to 30 min).
This weight placement has been recorded. Similar to
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how it was done the first time, the test is carried out
again with the following solutions using 0.5 and 1.5%
w/v of CS and SCMC.

Wilhelmy’s Method®

The mucous solution is contained in a beaker that serves
as the equipment, as described in the literature.'® A thread
and two pulleys were used to attach a rectangular glass
plate (2 X 5 cm) to a weight tray. On a suitable stand, the
assembly was fixed for the experimental configuration.
The counterweight tray and the glass plate weigh the
same amount, maintaining an equal opposing force.
Pectin (1% w/v) and TFP were applied to the glass
plate, which was then dried for three hours at 60°C. The
mucous solution kept in the beaker was then allowed
to contact the covered glass plate. The weight tray had
a glass plate attached to it, and the weight on the tray
was regulated to keep the glass plate still. The glass
plate is left submerged in the mucous solution for the
allotted amount of time. The weight on the weight tray
was gradually increased after the predetermined amount
of time until the glass plate was pulled free from the
solution. It was observed how many grams were needed
to separate the glass plate. Using a freshly coated plate
and changing the glass plate’s contact time with the
mucous solution, the same operation was carried out
once mote. For the remaining mucoadhesive materials,
CS and SCMC, this experiment was run.

Falling sphere method®

The falling sphere method was carried out using a
device described in the literature.”® A clean burette was
placed in a stainless steel stand with a 10% mucous
solution. The selection and grouping of several mustard
grains with comparable weights. The needed amount
of mucoadhesive substance was put onto each set of
mustards. When a grain of coated mustard was thrown
into the burette, the amount of time it took the mustard
to move from zero to the fifth mark was noted. The
same technique was carried out again using mustards
coated with various amounts of the same mucoadhesive
substance. All of the mucoadhesive compounds were
subjected to the entire set of experiments at various
doses.

Detaching Force Measurement Apparatus®°

The apparatus described in the earlier study was used
to measure the detaching force.”® The right arm of a
physical balance was placed underneath a sufficient
piece of stomach mucosa that had been cut off and
stretched on a glass plate. A different glass plate was
attached to the balance’s modified right arm. Both of the
glass plates were superimposed on one another by the

assembly on the right arm.”” The mucoadhesive tablets
prepared with test polymers were applied to the gut that
had been stretched. A drop of water is used to moisten
the glass plate, which is suspended from the right arm
and permitted to touch the tablet resting on the skin.***
Before the tablet is placed, a beaker that is attached to
the left arm is calibrated to counteract the equal weight
of the right arm assembly. Water was slowly added to
the conical flask, increasing the weight on the left arm.
It is calculated how much water is needed to lift the glass
plate and tablet out of the intestinal skin. Subtract the
tablet’s weight from the water poured into the left arm
to determine the separation weight. The same technique
was carried out again using fresh tablets made of the
same mucoadhesive substance at contact durations of
5, 10, 15, and 30 min. For all mucoadhesive compounds,
the entire experiment is conducted again.*

The following formula is used to get the force in
Newton’s;

0.00981
2

X W

Where W is the amount of watet.

RESULTS AND DISCUSSION

The results of various physicochemical characteristics
of extracted pectin were summarized in Table 1. A
78.9% yield for the pectin extraction was demonstrated
(Figure 1). The percentage of moisture content of the
pectin was confirmed to be satisfactory and within limits
(below 2%). Nitric acid was used to extract pectin from
powdered lemon peel, and the equivalent weight was
discovered to be 125. A higher equivalent weight would
result in more gel formation. Methoxyl concentration
was discovered to be 18.6% in pectin. Methoxyl content
plays a significant role in regulating pectins’ ability to
set quickly and form gels as well as their gel-forming
capability. Accordingly, the extracted pectin’s AUA level
was discovered to be 141.08%. The AUA measures
the extracted pectin’s purity and shouldn’t be less than
65%. As mentioned in Food Chemical Codex, 1996.*
The DE can be expressed as a percentage of the total
amount of esterified carboxyl groups or as a percentage
of the total amount of methoxylated pectin. DE can be
between 0 to 100%, and the observed value was 74%.
High methoxyl pectins are those that have a DE greater
than 50%, whereas low methoxyl pectins have a DE
that is less than 50%. At a low pH (4.0) high methoxyl
pectin gel and sucrose (55%), makes the polymer is less
soluble.
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Table 1: Extracted pectin characterization.

Parameter Result

Organoleptic
characteristics

Light brown amorphous powder with
no odor and slightly gummy taste.

78.9%

Percentage Yield

Moisture Content 0.165%

Angle of repose 9.09’ (excellent)

Equivalent Weight 125
Methoxy Content 18.6%
Anhydrouronic acid 141.08%

Content
Degree of 74%
Esterification
Compressibility index 26.8 (poor)

Figure 1: Process of extraction of pectin from lemon peel.

Extracted pectin was further used to synthesize TFP
using thioglycolic acid and the process was illustrated
in Figure 2.

Figures 3 and 4 display the FT-IR spectrum of pectin
and TFP in the spectral region of 4000 to 500 cm™. The
following was shown by the infrared measurements of
the pectin: 1236 (C-O stretch from the carboxylic group),
2852 (corresponding to SH stretch and a weak band of
mercaptans); 1726 (C=O stretch from the ester); 3305
(corresponding to OH stretch and a broad band of the
carboxylic group); and 1095 (C-O stretch from ester as
well as C—O stretch from primary alcohol). The infrared
data from the TFP validated the -SH stretch at 2584,
and the ester’s C=O stretch was enhanced while the
other groups remained unchanged.

Pectin’s X-ray diffractogram has characteristic peaks at
19.56 and 24.68, which indicate that the substance is

Figure 2: Preparation of TFP from pectin.
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Figure 3: FTIR spectrum of pectin.
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Figure 4: FTIR spectrum of TFP.

amorphous. TFP’ diffractogram exhibits a recognizable
peak at 15.21 and 22.52 nm. TFP has a slightly higher
peak intensity than pectin [Figures 5 and 6]. The FTIR
and XRD characterizations of pectin corroborated its
thiolation.

Mucoadhesion Studies via Rotating Cylinder

Mucoadhesion potential was assessed for pectin, CS,
and SCMC and compared with TFP. Table 2 shows
the average adhesion time for all examined polymers.
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Figure 5: XRD diffractogram of pectin.
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Figure 6: XRD diffractogram of TFP.

Table 2: Mucoadhesion of various polymers

determined via rotating cylinder.

Sl. No | Mucoadhesive polymer Nea Tit:nc:(a:)hesion
1. Pectin 2.3
2. CSs 3.5
3. SCMC 5.8
4. TFP 6.4

The mean period of adherence on the mucosa for
CS was 3.5 hr, placing it second after SCMC in terms
of mucoadhesive characteristics. The mean time of
adhesion for extracted pectin is mild. With a mean of
6.4 hr, TFP has the longest mean mucoadhesion time.
The rank order was found to be Pectin < CS < SCMC
< TFP.

Shear Stress Measurement

A polymer concentration of 1.5% was used in the
experiment, while the contact period was varied. It takes
roughly three to four times more weight to separate
glass plates when the contact time is increased (from

80+
Bl Pectin
CS
60- [
Bl sCMC
TFP

Weight (g)
8

N
i

) D RS S oD
Time (min)
Figure 7: Report of shear stress measurement for 1.5% of

the polymer at different contact times. CS, chitosan; SCMC,
sodium carboxymethylcellulose; TFP, thiolated pectin.
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0 -

Pectin CS SCMC TFP

Figure 8: Mucoadhesion strength is characterized
by Wilhelmy‘s method. CS, chitosan; SCMC, sodium
carboxymethylcellulose; TFP, thiolated pectin.

five to thirty minutes). When measuring shear stress,
a material’s mucoadhesiveness is shown by how much
weight is needed to separate the upper glass plate from
the bottom plate. Figure 7 shows the various weights
needed for each material at its particular period.
Pectin has demonstrated mucoadhesive strength that
is comparable to CS but weaker than SCMC neatly at
all contact times. TFP showed the highest shear stress
measurement compared to the other polymers, as was
to be expected.

During the period when the mucoadhesive substance
is in contact with the glass plate that contains the
mucous solution, a binding force is formed between
the mucous and the mucoadhesive substance. Keeping
the glass plate in touch with the mucus solution for
longer periods results in the formation of a stronger
connection, which requires a greater amount of force to
be severed (Figure 8).

Different mucoadhesive polymer combinations were
used to cover the mustard. Due to the mucus solution’s
high stickiness, traveling more than 50 marks required
greater time as concentration increased. In Table 3, the
reports were displayed.
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Table 3: Report of falling sphere method at different

concentrations.

Time required (minutes) to travel at different
concentration
Conc (%) 0.5% 1% 3%
Pectin 8.8+1.5 9.2+0.8 9.3+1.2
CS 7.5£0.5 7.6+0.8 7.9+0.9
Polymer
SCMC 9.3+1.8 9.6+2.0 10.542.2
TFP 10.5£2.0 | 10.8+2.5 11.2+3.2
0.8+ .
@8 5min
@ 10 min
0.6- .
- B 15 min
Z 30 min
§ 0.4
=}
=
0.2+
0.0-
& 9 @] g
& S N &
<® <

Figure 9: Detaching force measurement at different contact
times. CS, chitosan; SCMC, sodium carboxymethylcellulose;
TFP, thiolated pectin.

Figure 9 shows the calculated mucoadhesive strength
in Newton’s. For all polymers, the detachment force
increased as the contact time increased. Comparing
SCMC to the other polymers, the detachment force was
highest in SCMC.

CONCLUSION

Citrus limon pectin was successfully extracted, and its
various physicochemical characteristics were assessed.
Pectin was tested for mucoadhesion, and the results
indicated that, under the experimental setup utilized in
this work, its mucoadhesive strength was comparable to
CS butlower than SCMC. Pectin has good mucoadhesion
properties, however, to use pectin in mucoadhesion
drug delivery systems, it is necessary to increase pectin’s
mucoadhesion potential by appropriate methods like
thiolation, etc. TFP was consequently created utilizing
thioglycolic acid. FTIR and XRD were used to further
confirm thiolation. TFP’s mucoadhesion capability was
better than that of other polymers. To remark further in
this regard, additional 7z vivo research is required.

ACKNOWLEDGEMENT

The authors thank the Deanship of Scientific Research,
Vice Presidency for Graduate Studies and Scientific

Research, King Faisal University, Saudi Arabia for the
support.

Funding

This work was supported through the Ambitious
Researcher track by the Deanship of Scientific Research,
Vice Presidency for Graduate Studies and Scientific
Research, King Faisal University, Saudi Arabia [Project
No. GRANT44].

CONFLICT OF INTEREST

The author declares no conflict of interest.

ABBREVIATIONS

AUA: Anhydrouronic acid; CS: Chitosan; DE: Degree
of esterification; FTIR: Fourier transform infrared
spectroscopy; SCMC: Sodium carboxymethylcellulose;
TFP: Thiolated pectin; XRD: X-ray diffraction.

REFERENCES

1. Andrews GP, Laverty TP, Jones DS. Mucoadhesive polymeric platforms for
controlled drug delivery. Eur J Pharm Biopharm. 2009;71(3):505-18. doi:
10.1016/j.ejpb.2008.09.028, PMID 18984051.

2. Hombach J, Bernkop-Schniirch A. Mucoadhesive drug delivery systems.
Handb Exp Pharmacol. 2010;197(197):251-66. doi: 10.1007/978-3-642-
00477-3_9, PMID 20217533.

3. Nair AB, Sreeharsha N, Al-Dhubiab BE, Hiremath JG, Shinu P, Attimarad M,
et al. HPMC- and plga-based nanoparticles for the mucoadhesive delivery
of sitagliptin: Optimization and in vivo evaluation in rats. Materials (Basel).
2019;12(24). doi: 10.3390/ma12244239, PMID 31861192.

4. Nair AB, Al-Dhubiab BE, Shah J, Vimal P, Attimarad M, Harsha S. Development
and evaluation of palonosetron loaded mucoadhesive buccal films. J Drug
Deliv Sci Technol. 2018;47:351-8. doi: 10.1016/j.jddst.2018.08.014.

5. Harsha S, Attimard M, Khan TA, Nair AB, Aldhubiab BE, Sangi S, et al.
Design and formulation of mucoadhesive microspheres of sitagliptin. J
Microencapsul. 2013;30(3):257-64. doi: 10.3109/02652048.2012.720722
[internet]. PMID 23190167.

6. Singh G, Shilpa S S, Ali W, Sarwal A. In-situ gelling system for
mucoadhesive site- specific drug delivery for treatment of recurrent vaginal
candidiasis. Indian J Pharm Educ Res. 2020;54(4):921-34. doi: 10.5530/
ijper.54.4.186.

7. Bernkop-Schnirch A, Kast CE, Richter MF. Improvement in the
mucoadhesive properties of alginate by the covalent attachment of cysteine.
J Control Release. 2001;71(3):277-85. doi: 10.1016/s0168-3659(01)00227-9,
PMID 11295220.

8.  Bernkop-Schnirch A. Thiomers: A new generation of mucoadhesive
polymers. Adv Drug Deliv Rev. 2005;57(11):1569-82. doi: 10.1016/).
addr.2005.07.002, PMID 16176846.

9. Harsha SN, Aldhubiab BE, Nair AB, Alhaider IA, Attimarad M, Venugopala
KN, et al. Nanoparticle formulation by Biichi B-90 nano spray Dryer for oral
mucoadhesion. Drug Des Dev Ther. 2015;9:273-82. doi: 10.2147/DDDT.
S66654, PMID 25670882. Available from: /pmc/articles/PMC4315564.

10. Sreeharsha N, Rajpoot K, Tekade M, Kalyane D, Nair AB, Venugopala KN,
etal. Development of metronidazole loaded chitosan nanoparticles using QbD
approach—A novel and potential antibacterial formulation. Pharmaceutics.
2020;12(10):920 [internet]. doi: 10.3390/pharmaceutics12100920, PMID
32992903.

11.  Nair AB, Shah J, Jacob S, Al-Dhubiab BE, Patel V, Sreeharsha N, et
al. Development of mucoadhesive buccal film for rizatriptan: In vitro

Indian Journal of Pharmaceutical Education and Research | Vol 57 | Issue 1 | Jan-Mar, 2023 51



20.

21.

22.

23.

24,

25.

Almugbil.: Mucoadhesion of Thiolated Pectin from Citrus limon

and in vivo evaluation. Pharmaceutics. 2021;13(5):728. doi: 10.3390/
pharmaceutics 13050728, PMID 34063402.

Mallappa DP, Chelsea FR, Ratnakar RP, Panchakshari GA, Shivamurthi MV,
Uppinangady BS. Development and characterization of mucoadhesive
buccal gel containing lipid nanoparticles of triamcinolone acetonide. Indian J
Pharm Educ Res. 2020;54(3s):s505-11. doi: 10.5530/ijper.54.3s.149.

Mahor S, Chandra P, Prasad N. Design and in-vitro Evaluation of
Float-adhesive famotidine Microspheres by using Natural Polymers for
Gastroretentive Properties. Indian J Pharm Educ Res. 2021;55(2):407-17.
doi: 10.5530/ijper.55.2.78.

Duggan S, Cummins W, O’ Donovan O, Hughes H, Owens E. Thiolated
polymers as mucoadhesive drug delivery systems. Eur J Pharm Sci.
2017;100:64-78. doi: 10.1016/j.ejps.2017.01.008, PMID 28087353.
Bernkop-Schniirch A, Hornof M, Zoidl T. Thiolated polymers - thiomers:
Synthesis and in vitro evaluation of chitosan-2-iminothiolane conjugates. Int
J Pharm. 2003;260(2):229-37. doi: 10.1016/s0378-5173(03)00271-0, PMID
12842342.

Perera G, Hombach J, Bernkop-Schniirch A. Hydrophobic thiolation of
pectin with 4-aminothiophenol: Synthesis and in vitro characterization. AAPS
Pharm Sci Tech. 2010;11(1):174-80. doi: 10.1208/s12249-009-9370-7, PMID
20101485.

Begum A, Sindhu K, Giri K, Umera F, Gauthami G, Kumar JV, et al.
Pharmacognostical and physio-chemical evaluation of Indian Asparagus
officinalis Linn family Lamiaceae. Int J Pharmacogn Phytochem Res.
2017;9:327-36.

Naveen NR, Gopinath C, Rao DS. Isolation and assessment of natural
mucoadhesive agent isolated from Abelmoschus esculents. J Pharm Res.
2017;11(5):438-43.

Sriamornsak P, Nunthanid J, Cheewatanakornkool K, Manchun S. Effect
of drug loading method on drug content and drug release from calcium
pectinate gel beads. AAPS PharmSciTech. 2010;11(3):1315-9. doi: 10.1208/
$12249-010-9513-x, PMID 20730576.

Sriamornsak P, Sungthongjeen S, Puttipipatkhachorn S. Use of pectin as a
carrier for intragastric floating drug delivery: Carbonate salt contained beads.
Carbohydr Polym. 2007;67(3):436-45. doi: 10.1016/j.carbpol.2006.06.013.
Sriamornsak P, Thirawong N, Nunthanid J, Puttipipatkhachorn S,
Thongborisute J, Takeuchi H. Atomic force microscopy imaging of novel
self-assembling  pectin-liposome nanocomplexes. Carbohydr Polym.
2008;71(2):324-9. doi: 10.1016/j.carbpol.2007.05.027.

Naveen NR, Gopinath C, Rao DS. A spotlight on thiolated natural polymers
and their relevance in mucoadhesive drug delivery system. Futur J PharmSci.
2018;4(1):47-52. doi: 10.1016/.fjps.2017.08.002.

Alfa E, Abilasha D. Extraction and characterization of pectin from lemon peel.
Int J Adv Sci Res. 2016;1(12).

Sharma R, Ahuja M. Thiolated pectin: Synthesis, characterization and
evaluation as a mucoadhesive polymer. Carbohydr Polym. 2011;85(3):658-63.
doi: 10.1016/j.carbpol.2011.03.034.

Castillo-Israel K, Baguio SF, Diasanta MDB, Lizardo R, Dizon E, Mejico MIF.
Extraction and characterization of pectin from Saba banana [Musa ’'saba’
(Musa acuminata x Musa balbisiana)] peel wastes: A Preliminary Study.
Undefined. 2015.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kurakula M, Naveen NR, Yadav KS. Formulations for polymer coatings.
Polym Coatings Technol Appl. 2020:415-43.

Naveen NR, Nagaraja TS, Bharathi DR, Reddy JNS. Formulation design and
in vitro evaluation for stomach specific drug delivery system of anti retroviral
drug—acyclovir. Int J Pharm Life Sci. 2013;4(3):2506-10.

Nair AB, Chaudhary S, Shah H, Jacob S, Mewada V, Shinu P, et al. Intranasal
delivery of Darunavir-loaded mucoadhesive in situ gel: Experimental design,
in vitro evaluation, and pharmacokinetic studies. Gels. 2022;8(6):342. doi:
10.3390/gels8060342, PMID 35735686.

Naveen NR. Design and characterization of sustained release matrix tablets
of glimepiride by using synthetic and natural polymers. Int J Drug Discov
Herb Res. 2013;3(1):573-8.

Sreeharsha N, Hiremath JG, Prashanth Kumar R, Meravanige G, Khan
S, Karnati RK, et al. Doxorubicin hydrochloride loaded polyanhydride
nanoformulations and cytotoxicity. Indian J Pharm Educ Res. 2021;55(1):1-9.
Rizg WY, Naveen NR, Kurakula M, Bukhary HA, Safhi AY, Alfayez E, et al. QbD
supported optimization of the alginate-chitosan nanoparticles of simvastatin
in enhancing the anti-proliferative activity against tongue carcinoma. Gels.
2022;8(2). doi: 10.3390/gels8020103, PMID 35200484.

Perioli L, Ambrogi V, Rubini D, Giovagnoli S, Ricci M, Blasi P, et al. Novel
mucoadhesive buccal formulation containing metronidazole for the treatment
of periodontal di . J Control Rell . 2004;95(3):521-33. doi: 10.1016/j.
jeonrel.2003.12.018, PMID 15023463.

Woertz C, Preis M, Breitkreutz J, Kleinebudde P. Assessment of test methods
evaluating mucoadhesive polymers and dosage forms: an overview. Eur J
Pharm Biopharm. 2013;85;3(B):843-53. doi: 10.1016/j.ejpb.2013.06.023,
PMID 23851076.

Kaur H, Yadav S, Ahuja M, Dilbaghi N. Synthesis, characterization and
evaluation of thiolated tamarind seed polysaccharide as a mucoadhesive
polymer.  Carbohydr Polym. 2012;90(4):1543-9. doi: 10.1016/.
carbpol.2012.07.028, PMID 22944414.

Madhusudan Rao Y, Vani G, Bala Ramesha Chary R. Design and evaluation

of mucoadhesive drug delivery systems. Indian Drugs. 1998;35(9).

Ben-Zion O, Nussinovitch A. Physical properties of hydrocolloid wet glues.
Food Hydrocoll. 1997;11(4):429-42. doi: 10.1016/S0268-005X(97)80041-0.
Smart JD, Kellaway IW, Worthington HEC. An in-vitro investigation of mucosa-
adhesive materials for use in controlled drug delivery. J Pharm Pharmacol.
1984;36(5):295-9. doi: 10.1111/j.2042-7158.1984.tb04377.x, PMID 6145763.
Shinde G, Sudharshini S, Stephenrathinaraj B, Rajveer CH, Kumaraswamy D,
Bangale GS. Formulation and evaluation of mucoadhesive tablets of niacin
using different bioadhesive polymers. Int J Pharm Biol Sci. 2010;1(2).
Vermani K, Garg S, Zaneveld LJD. Assemblies for in vitro measurement
of bioadhesive strength and retention characteristics in simulated vaginal
environment. Drug Dev Ind Pharm. 2002;28(9):1133-46. doi: 10.1081/ddc-
120014580, PMID 12455472.

Peh KK, Wong CF. Polymeric films as vehicle for buccal delivery: Swelling,
mechanical, and bioadhesive properties. J Pharm Pharm Sci. 1999;2(2):53-61.
PMID 10952770.

Full text of "NAS: Food Chemicals Codex (1996)” [internet] [cited Sep 12
2022]. Available from: https://archive.org/stream/gov.law.nas.food.1996/nas.
food.1996_djvu.txt.

Cite this article: Almugbil RM. Assessment of Mucoadhesion Potential of Thiolated Pectin Extracted from Citrus
limon. Indian J of Pharmaceutical Education and Research. 2023;57(1):45-52.

52

Indian Journal of Pharmaceutical Education and Research | Vol 57 | Issue 1 | Jan-Mar, 2023



