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Abstract

SARS-CoV-2 is a new strain of coronavirus that ravaged humanity in the last three years, requiring new and effective drug
delivery systems to deliver the novel antivirals. Water-soluble polysaccharides are considered to be important in different
pharmaceutical activities especially in drug delivery. The isolation, purification and structural properties directly affect
their usage. With recent advantages in drug delivery, excipients and adjuvants fulfill specific functions where they directly
or indirectly influence the rate or extent of drug delivery. Recent trends towards use of natural water-soluble
polysaccharides as excipients demand the replacement of synthetic additive due to the advantages of being chemically
inert, nontoxic in nature, low cost, biodegradable, and wide availability. This review not only provides ideas for
optimization of the isolation, purification and structural analysis of natural water-soluble polysaccharides but also
provides a theoretical basis for their uses as an adjuvant in different antiviral drug delivery.
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The global pandemic of COVID 19 produced by the
virus SARS-CoV-2 has triggered a catastrophic public health
disaster around the world. As a result, new antiviral active
pharmaceutical components as well as safe excipients are
needed for targeted drug delivery formulations to battle this
global pandemic [1]. Polysaccharides are biopolymers
comprised of long-chain monosaccharides linked by glycosidic
bonds, can be good option for its usage as excipients.
Structurally these biopolymers are generally comprised of
branched or linear side chains with molecular weights ranging
between thousands to millions Dalton. Polysaccharides could
be sourced from diverse sources including most plants, animals,
microorganisms and marine organisms as well as can be
manufactured synthetically. Some of the functions of
polysaccharides include nutrient carrier, soil conditioners,
tissue engineering, drug delivery, wound dressing, antibacterial
material, food packaging. So, more attention needed to be paid
to the research of polysaccharides [2].

Recently, various research has contributed to the
progress in exploitation of the pharmacological properties and
drug delivery potentials for natural biopolymers, as well as
polysaccharides-based biomaterials for various applications
such as regenerative medicine and tissue engineering.
Nonetheless, polysaccharides are still an enigmatic material
where more explorations are required. Firstly, the structure—
activity relationship is still unexplored and nextly, detection and
quantification of polysaccharides are yet to be standardized.
Although in last two decades, there has been a significant
development in synthesis of polysaccharides but further

researches have been limited by their complexity in structure
and also the synthetic process challenging and time consuming
due to the lack of commercial instruments like automated
synthesizers and difficulties in controlling the stereochemical
properties of the glycosidic linkages in the long chain of
polysaccharides [3]. Compared to synthetic polymers, the
extraction and purification methods of natural polysaccharides
are still preferred to obtaining polysaccharides. Over the years,
certain successful polysaccharide separation and purification
methods have been outlined. Moreover, these methods act as
pre-conditions for structural characterization and study of the
structure—activity relationship [4]. This study outlines the
comprehensive methods of isolation, purification and structural
analysis of various natural polysaccharides and their potential
usage in antiviral drug delivery.

Isolation of polysaccharide

Various methods for extracting and isolating water-
soluble polysaccharides from various sources have been
published in recent decades. Table 1 summarizes the extraction
methods of various selected sources that can preserve
polysaccharide's intrinsic features [5]. In general, water is the
most common solvent used extraction and isolation of
polysaccharides, due to their higher solubility in hot water and
receive minimum damage in it. The usual practice is to heat the
plant parts for 2-6 h and if it is found that the extract has low
viscosity it can be easily isolated by filtration while the viscous
extract was isolated by centrifugation usually in the range of
3500-8000 RPM [6]. Carlotto et al, found the optimum
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condition for extraction of polysaccharide from Handroanthus
heptaphyllus bark. The polysaccharide was extracted in 500 ml
hot water for 6h and centrifuged at 8000 rpm. The yield was
found to be at 1.43% w/w [7]. However, this method of
extraction had some disadvantages like higher time
consumption, inconsistent yield and possibilities of
polysaccharide degradation. So, in order to combat these
problems, other methods such as ultrasonic, microwave assisted
and infrared methods are also used, which work by promoting
breakdown of cells. For example, Wang et al, demonstrated a
polysaccharide extracted from Artemisia selengensis using
ultrasound extraction. The optimum power used was 150-200
W with time of 15-20 min. Under this condition the yield
increased to 8.9% w/w [8]. Microwave assisted extraction has
also been explored to maximize the yield of polysaccharide
from Yupingfeng. The most favorable conditions were found to
be the following: microwave power 560 W; extraction time 5
min. A considerable improvement of the extraction yield has

been realized. An extraction yield of 21.33% w/w was achieved
using an extraction temperature of 75°C, and an extraction time
of 2h [9]. Farhadi et al., reported a low moisture polysaccharide
from balangu shirazu found Iran with a short aqueous extraction
process of 40 min. The polysaccharide finds its usage in
transdermal antiviral drug delivery saving from stratum
corneum [11]. Various other examples of traditional aqueous
isolation performed between 2-6h showed yield of 2.6-6%
which was much lower as compared some modern methods like
infrared extraction of Bletilla striata which had an yield of
43.95% which can find its usage in microneedle drug delivery
specific to virus [11-14, 17]. In summary, we could find that
each of these assisted extraction methods could contribute to
shorten the processing time, reduce solvent consumption, and
further decrease the economic cost while improving the
extraction efficiency of polysaccharides as well as they can be
used novel controlled release drug delivery of antiviral drugs
[10].

Table 1 A summary of the extraction of polysaccharides from different sources

Source of polysaccharide Time Temp. (°C) Yield (%) References
Agueous extraction
Handroanthus heptaphyllus 6h 100 1.43 [7]
Lallematia royelana 40 min 60 8.2 [11]
Dioscorea alata 2h 80 5.62 [12]
Dioscorea opposita 3h 60 6.0 [13]
Calocybe indica 6h 50 2.7 [14]
Ultra sound extraction
Artemisia selengensis 15min Room temperature 8.9 [8]
Agaricus bisporus 15min Room temperature 14.7 [15]
Microwave extraction
Yupinpeng 5 min 75 21.33 [9]
Mullberry leaf 10 min 50 9.44 [16]
Infrared extraction
Bletilla striata 150 min 75 43.95 [17]
—a_
5 L —— ;
R Heated in Distilled water Added to ethanol Crude
to precipitate polysaccharide
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DEAE- Cellulose
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Fig 1 Schematic representation of the extraction, and purification of natural polysaccharides
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Purification of polysaccharides

Purification of crude polysaccharides is required in order
to verify the content and molecular weight of the isolated
polysaccharides. The polysaccharides were lyophilized and the
separation procedure was carried out utilizing chromatography.
For the purification process, two types of chromatography are
used: gel permeation chromatography (Sephadex G and Bio-gel
columns) can be used to separate polysaccharides based on
molecular  weight  differences, and ion exchange
chromatography (DEAE-cellulose and DEAE-Sepharose Fast
Flow) can be used to separate neutral polysaccharides from
acidic polysaccharides [5]. Zhang et al., for example, isolated
and purified a new polysaccharide from Anredera cordifolia.
DEAE-cellulose A52 and Sephadex G-100 gel-filtration
columns were used to purify the polysaccharide. The samples
from both columns were collected, lyophilized, for further
structural characterization. From gel filtration analysis four
fractions of molecular weight between 52.8 kDa to 355.6 kDa
were observed [18]. In similar way Tang et al., performed
purification of sweet potato polysaccharide  with
DEAEcellulose A52 column while molecular weight was
detected using Sepharose G 100 column. The standard curve
prepared using T5, T40 and T70 standard dextrans and the
resulting molecular weights were found to be 109 kDa and 127
kDa [19]. The neutral polysaccharide separated from these
polysaccharides using DEAE columns finds immense potential
for its usage in targeted drug delivery of antiviral drugs [20].

Physicochemical iroperties

Swelling and solubility

Excipient swelling properties refer to the volumetric
expansion of excipient particles due to water adsorption, while
excipient shape recovery refers to excipient deformation upon
contact with water. Excipient solubility refers to the amount of
excipient that passes into solution when equilibrium is
established between the solute in solution and any excess, un-
dissolved excipients to produce a saturated solution at a
specified temperature [21-22]. Some findings suggest that
swelling properties of polysaccharides obtained from the
polysaccharide of Dandelion observed against different
solvents where the highest swelling capacity was seen in
distilled water followed by phosphate buffer and lowest against
0.1mol/L HCI [23]. Swelling property of the polysaccharide
increases the floating ability of the formulation thereby
potentially increasing the drug release of antibacterial like
ciprofloxacin and antivirals in the site of stomach [22]. Swelling
and solubility of hibiscus leaf mucilage were determined in
different solvents under neutral acidic and alkaline conditions.
The mucilage was found to be hot water-soluble with gel
formation in cold water. The swelling ratio was also found be
highest (5.13) in distilled water compared to HCI and NaOH
[24]. Due to these properties, the mucilage can find its usage in
sustained release of antivirals like Acyclovir [25].

Morphological properties

Morphological research reveals the physical correlations
between the size, crystallinity, and juxtaposition of the phases.
Morphological properties of the polysaccharides are determined
by SEM. For instance, the process of SEM determination the
dried polysaccharide sample was mounted on a metal stub. It
was then sputtered with gold to make the sample conductive,
and at 230 magnifications, the images were taken voltage of 15
kV. The particle was seen mostly in aggregates of irregular
shapes [26]. In another instance, the shape and surface
characteristics of the polysaccharides extracted from Actinidia

chinensis roots were determined by fixed on the silicon wafer
ata 10 KV acceleration voltage under a high vacuum condition,
as well as image magnification of 100%,500x and 800x. The
micrograph of all sample showed cloud like rough surfaces with
large wrinkles [27]. Thus, this rough irregular surface can help
in entrapment of drug thereby inducing sustained and targeted
release in encapsulated delivery of antiviral drugs [28,29].
Sardaf et al., reported a polysaccharide from flaxseed gum
which under SEM (JSM-5800LV) at 2000X magnification
showed smooth surface with multiple flaky morphologies. This
flaky morphological nature induces drug entrapment which
promote delayed release of drug. Morphology of almond gum
exudate was analyzed by SEM with acceleration potential of 15
kV. The shapes of the particles were irregular and diverse in
their forms [30]. The drug entrapment increases due to irregular
shape which sustains the release of antiviral drugs as excipient
[25].

Thermal properties

For thermal analysis of the water-soluble
polysaccharide, differential scanning calorimetry was
performed, in a temperature range of 50-220 °C, the

polysaccharide was scanned. The rate of heating was 30 °C/min
and the cooling back cycle was 30 °C at the same rate. The glass
transition of temperature was found to be 40.8 °C without any
melting peak [31]. Hence targeted delivery of antivirals could
be achieved as glass transition temperature is near to body
temperature thereby promoting burst of drugs at the target [32].
Differential scanning calorimetry of okra gum was performed
in temperature range of 25-600 °C at 20 °C/min under a
nitrogenous atmosphere. In the first stage, temperature between
25-208 °C there was mass reduction of 15.45% which increases
to 49.99% in 208-600 [33]. This mass reducing temperature
properties can be used for potential colon targeted drug delivery
of natural antiviral drugs like quercetin [34]. Thermal analysis
carried out on the polysaccharide derived from Chinese quince
showed two stages of weight loss over a wide temperature range
(30-700 °C). The polysaccharide lost 12.3% of its weight in the
first stage over a broad temperature range (30-203° C), which
was mostly caused by the bond water in the purified
polysaccharide evaporating and losing its weight. The main
reduction in weight happened between 260 and 600 degrees
Celsius. The weight of the polysaccharide decreased by about
60.3%, which could be related to chemical reactions and
modifications in the function groups. The polysaccharide broke
down into its constituent parts quite quickly, as evidenced by
the comparatively narrow breakdown peak [35]. This narrow
breakdown point can lead to formulation of temperature
dependent drug delivery targeting viruses. Hence from this
information, it can be observed that thermal properties with low
glass temperature, narrow breakdown point can lead to
temperature dependent drug delivery targeting multiple viruses.

Crystalline properties

Polysaccharide displays wide range of crystalline
properties. The way tiny crystalline molecules dissolve differs
from the dissolution of polysaccharides. The dissolution of
most crystalline small molecules involved the process crystal
structure disintegration and followed by the release of the
separate atoms, ions while polysaccharides dissolution is a
continuous hydration process with the conversion of inter-
polysaccharide binding to polysaccharide-water binding, and
most of the non-starch polysaccharides are in amorphous or
semi crystalline state. X- ray diffraction is a usual method to
obtain the crystallinity of any compound [36]. In case of
polysaccharide, it can be used to estimate the symmetry and
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spiral structure along with crystallinity®. As reported by
Suvakanta et al, in a rectangular aluminum stud the powder
sample of Musa sapientum polysaccharide was packed and
illumination was done using CuKa radiation (k = 1.54056 A) at
45 kV and 40 mA. Between the diffraction angles of 5 °C to 40
°C the sample was scanned. The sample had four small peaks at
25° 32° 40° 43° indicating semi-crystallinity of the
polysaccharides [26]. The X-ray powder diffraction of the
polysaccharide obtained from Glycyrrhiza glabra was observed

from 5 to 80 °C. From the analysis it was observed that there
was a single prominent peak at 18° indicating semi-crystallinity
of polysaccharide [37]. The XRD pattern of Ganoderma
leucocontextum was scanned at 40 kV and 40 mA. The 26 angle
was recorded between 5-90° at a rate of 10°/min. Analysis of
the polysaccharide showed one wide peak at 21° which indicate
the semi-crystalline of drugs [38]. The common semi crystalline
nature of these polysaccharides can be useful in antiviral
therapeutics and vaccines [39-41].

Usage in Drug delivery

AVa

19 responses

@ Sustained release of Antiviral drugs

@ Colon targeted release of Antivirals
Topical antiviral drugs

) Microencapsulation of antivirals

@ Matrix type drug delivery

@ Reagents to improve salivary load of v...

® Release retardant drug delivery of anti...

@ intestinal intraepithelial activating drug...
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Fig 2 Potential antiviral drug deliveries for water soluble polysaccharides

Structural analysis of water-soluble polysaccharides

Methylation analysis

Monosaccharide analysis is a critical way to profile the
composition of complex carbohydrates while methylation
analysis which is also known as linkage analysis, has been in
use for decades to determine the linkage of polysaccharides. It
involves the preparation of partially methylated alditol acetates
(PMAASs) from a glycan sample, followed by GC/MS analysis
[42]. Zhang et al. investigated monosaccharide analysis of okra
flower mucilage using modified 1-phenyl-3methyl-5-
pyrazolone (PMP)-HPLC-UV method, where 10 mg of the
sample was hydrolyzed using 2M TFA and then labeled with
PMP and 0.3M NaOH. The sample was neutralized with 0.3M
HCIl and HPLC was performed Shimadzu VVP-ODS column (4.6
x 250 mm) with phosphate buffer and acetonitrile as mobile
phase. There was identification of three prominent peaks
indicating presence of three monosaccharide units (Rha, GalA
and Gal) when compared with standard chromatogram. For the
glycosidic linkage analysis, sample was acetylated by acetic
anhydride and was analyzed by GCMS. The data of GC-MS
indicated that the sample showed four separate glycosidic
linkages in the form of (1—2)-D-Rha, (1—)-D-Gal, (1-2,4)-
DRha and (1—4)-linked-D-GalA in the approximate ratio of 1:
6.71:6.52: 7.65. The ratio of these residues showed consistency
with the monosaccharide content present in the sample [43].
The okra gum have been traditionally used in colon targeted
drug delivery, thereby finding potential as adjuvant in colorectal
targeted antiviral drugs against overexpressing retroviral
elements [44]. Further, another method was used for
monosaccharide linkage composition analysis of Moringa gum.
The gum sample is hydrolyzed with 1M H>SO4, then reduced
with NaBH4 and acetylated with Ac,O and analyzed as their
alditol acetate using GC-MS. The polysaccharide was also
degraded using Smith degradation with 200 mL of NalO4, The
results indicated presence of highly branched chain composed

of 2,3,5-Mes-Ara, 2,3,4-Mes-Ara, 2,3,4,6-Mes-Gal, 2,3,4-
MesXyl and 2,3,4-Mes-Rha units. The moringa gum have been
reported to be used in colon specific drug delivery and can be
useful in delivery of natural antivirals like curcumin [45-47].
Jeong et al., explored the monosaccharide composition of
Terminalia chebula mucilage using HPLC methods. The
purified mucilage sample was subjected to tagging using 1-
phenyl-3-methyl-5pyrazolone. The glycosidic linkage of the
sample was determined by GC-MS of partially methylated
alditol acetates of the sample from procedure including
carboxyl reduction, permethylation, acidhydrolysis, and
acetylation [48]. From the result, it could be observed that ratio
between 1—4-0-Glc and 1—4,6-a-Glc was 18.2, indicating the
sample might be amylopectin. This gum finds its potential as
adjuvant in formulation of in situ gel system with prolonged
time for ophthalmic drug delivery of antivirals like ganciclovir
[49,50]. Varshney et al., suggested a process of acetylation and
hydrolysis for structural analysis of Cassia tora gum. The
acetylation was performed by sodium acetate and acetic
anhydride and then the polysaccharide was hydrolyzed using
2M sulfuric acid. The result of methanolysis, followed by acid
hydrolysis of the methylated product, yielded 2,3,4,6-Mes-Glc,
2,3,4-Mes- Xyl, 2,3,4,6-Mes-Gal, 2,3,4-MesGlc, 2,3,6-Mes-
Man, 2,3-Me, - Man, and 2,3-Me; -Glc in the approximate
molar ratio of 1:4:8:1:1:20:8:5 [51]. This chemical nature of
gum can find its potential usage in formulation of
interpenetrating polymer network microspheres for controlled
release of antivirals like acyclovir [52-53]. A process of
complete methylation analysis was studies for Cashew gum.
The methylation was performed with sodium hydroxide and
dimethyl sulfate in presence of dimethyl sulfoxide and finally
treated with Purdee’s reagent. The methylated product was
hydrolyzed using 12.5% sulfuric acid. The hydrolyzed product
was quantitatively measured by partition chromatography
yielded four monosaccharide unit namely 2,3,4,6- tetramethyl
Gal, 2,3,4- trimethyl Gal, 2,4,6trimethyl Gal, 2,4-dimethyl Gal
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[54]. This property of cashew gum can find its potential usage
in formulation of matrix type sustained delivery for several
antiviral drugs [55, 56]. Analysis of these polysaccharides (Fig
2) from different literature sources revealed that, there is a high
monosaccharide concentration of Glc, Gal and Xyl in cases of
polysaccharides used in colon specific drug delivery while for
sustained release of drugs, concentration of Glc, Gal and Man
were found to be higher. Monosaccharides, Glc and Ara were
mostly seen on the biopolymers used in microencapsulation. In
case of linkage analysis, colon specific drug deliveries have
highest presence of t-Glc, t-Xyl and (1—4,6)-Glc linkages of
polysaccharides, while for microencapsulation process (1—6)-
Glc and (1—4)-Glc are observed much more than other
linkages.

NMR analysis

Nagel et al. [57] studied the structure of arabinogalactan
obtained from Mango gum using NMR analysis. The NMR
spectra was recorded in DO and detected in 500MHz.
NMRanalyses of the purified mango fruit polymers polymer
revealed 11 components, including the (1—3)- linked and the
(1—6)-linked  p-galactopyranose  residues of  hairy-
arabinogalactans. a-Arabinofuranose moieties, along with
terminal moieties of, a-L-rhamnopyranosef-glucopyranuronic
acid, and 40-methyl-B-glucopyranuronic  acid. The
arabinogalactan-based mango gum can find its potential as an
adjuvant to the reagents which would likely improve salivary
viral load status of viruses like SARS CoV-2 [58]. In the same
way galactomannan were detected in Fenugreek mucilage using
1D and 2D NMR operating at 600 MHz. Assignment of NMR
using DQF-COSY, TOCSY, HSQC and HMBC experiments
showed (1—4) linked mannan back bone with (1—6)
attachment of galactopyranosyl [59]. This galactomannan type
gum can be very useful for antiretroviral release retardant drug
delivery systems [44]. Gidley et al., studied the structure of
tamarind seed mucilage using NMR for its potential uses. The
1H- (200.13 MHz) and *C-N.M.R. (50.32 MHz) spectra were
recorded for solutions in D,0O at 85-90° with a Bruker AM 200
spectrometer. The result showed two residues from the
mucilage, a minor polysaccharide (2-3%) contains unbranched
(1—>5)-a-L-arabinofuranosyl and branched (1—4)-B-D-
galactopyranosyl with branched chains of terminal xylose and
glucose [60]. The use of tamarind gum as gastroprotective
intestine targeted excipient can be very useful in formulation of
intestinal intraepithelial activating drug delivery for innate
antiviral resistance [61]. Singh and Bothara described structural
properties of Diospyros melonoxylon gum using 1D NMR
spectra recorded in an NMR (400 MHz) spectrometer. The
sample was dissolved in D,O with internal standard being TSP.
From the study, it can be observed that the gum was chemically
consisted of arabinofuranosyl, fructopyranosyl,
glucopyranosyl, mannopyranosyl, rhamnopyranosyl, and
xylofuranosyl [62]. The gum can find its potential as adjuvant
in encapsulation of antiviral analogues for polymeric
nanocapsules for poorly soluble drugs. Another mucilage
derived from Anredera cordifolia using NMR showed two
major polysaccharide residues. The main backbone chain of the
first polysaccharide was determined to be composed of (1—3,6)
galacturonopyranosyl residues distributed with (1—4)-residues
and (1—3)-mannopyranosyl residues while for second
polysaccharide was composed of (1—3)-galacturonopyranosyl
residues distributesd with (1—4)-glucopyranosy! residues [18].
Thus, these two polysaccharides enables its potential usage as
excipient for sustained release delivery for anti-HIV drugs [63].
Arab et al., reported a polysaccharide from Ocimum album with
a backbone consisting of —3)-B-D-Manp-(1—, —3,4)-p-D-

Manp-(1—, —3,6)-p-D-Manp-(1—, —3)-a-D-Glcp-(1—,
—6)-p-D-Galp-(1—, —4)-a-L-Rhap-(1— and a-D-Glcp-(1—
detected by H and *C NMR, having gelling property which
can be useful for targeted drug delivery of antivirals [64].
Various reports on the polysaccharide of zedo gum to be an
arabinogalactan possessing a backbone of —3,6)-B-D-Galp-
(1—, —3)-B-D-Galp-(1—, and —3)-a-L-Araf-(1— residues
with side chains attached to O-3 and O-6 positions of 1,3,6-
linked B-D-Galp. The side chains are consisted of B-D-Xylp-
(1-3)-0-L-Araf-(1—3)-a-L-Araf-(1-), a-L-Rhap-(1—6)-p-
D-Galp-(1—), and B-D-GlcAp-(1—6)-pB-D-Galp-(1—) with
high viscosity indicating its usage in matrix forming release
retardant gel formulation which can find its use in antiviral drug
delivery [65]. Wang et al., reported a polysaccharide from
Chinese quince (Chaenomeles sinensis), using both 1D (*H and
13C) and 2D NMR (COSY, NOESY, HSQC, HMBC) yielded a
polysaccharide consisting of Ara, Glu, Xyl, Galacturonic acid
and Glucoronic acid. It was found to be highly branched
heteropolysaccharide with backbone (a0 — 4)-  -D-Xylp-(1—
2, 4)- B D-Xylp with side chains of 1, 2- o -D-GIcpA, 1, 2, 3, 5-
L-Araf or 1, 4- B -D-Glcp attached to O-2, which can be useful
in designing pH sensitive drug delivery for antiviral drug [66].
A polysaccharide from African Grewia gum detected by *H and
13C NMR studies indicated that the backbone is composed of
six membered B Galacturonic acid. The gum polysaccharide can
find its usage as aqueous film coating agent for delayed release
drug delivery [67]. Thus, from the analysis of NMR studies
from different literature, it is revealed that mannose and
galactose of different linkages were useful in release retardant
delivery of antiviral drugs while, nanocapsular drug delivery of
different antiviral drugs were performed in presence of
heteropolysaccharides like arabinofuranosyl, fructopyranosyl,
glucopyranosyl, galactopyranosyl, mannopyranosyl,
rhamnopyranosyl, and xylofuranosyl.

FT-IR analysis

Liang et al. [68] reported a FTIR spectra of Lycium
barbarum polysaccharide collected on a Nicolet Magna 750
FT-IR spectrometer with a DTGS detector. The samples
pressed into KBr pellets (2mg of sample per 200mg of KBr)
showed bands at 3400.38, 2930.49, 1629.66, 1411.40 cm™
might correspond to the bending vibration of C-H, C-C bonds
with 920 cm? indicating B glycosidic linkages. In drug-
carbohydrate coupled nanoparticles for targeted delivery of
cancer drugs, the polysaccharide was utilized. Because of their
nanometric size and variable hydrophobicity and lipophilicity,
nanoparticles can be employed to deliver tailored antiviral
drugs to certain biological locations. Therefore, the
administration of specifically designed antiviral medications in
a systematic manner leads to a decrease in side effects in
healthy, uninfected cells [69]. Samajdar et al., reported a
polysaccharide from Buchanania lanzan comprised of glucose,
galactose, rhamnose and arabinose in equal proportion, had
FTIR bands of O—H stretching, C—H stretching, as well as both
a and B glycosidic bonds, was useful in designing of delayed
drug releasing nanoemulsion for antiviral drug delivery by
diffusion of the hydrophilic co-solvent or co-surfactant from the
organic phase into the formulation's aqueous phase, which
results in the creation of negative free energy at extremely low
interfacial tension and makes it easier for the virus to pass
through its nanocapsule [70]. Three fractions (crude, water
soluble, water insoluble) of a polysaccharide sourced from
gums of Prunus domestica were subjected to FTIR studies
showed O-H stretching peaks at around 3400 cm™ with
glycosidic bond peaks especially B glycosidic peaks at 720 cm"
L which finds its usage in formulation of nanoparticles, which
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has potent usage against cancer and multiple microbes. ™
Another report by Malviya et al., about a polysaccharide from
tamarind gum, shows multiple peaks, including 3209.93
cm™' (O-H stretching), 2873.42 cm™' (C-H stretching),
1491.67 cm™'(C=C stretching), 1349.93 cm!'(C-N
stretching), and 1141.67 cm™' (C-O stretching) as well as
visible small peaks around 930 indicate peaks for both a and
glycosidic bonds [72-73]. A polysaccharide from flaxseed gum
was subjected to IR  spectroscopy using FTIR
spectrophotometer (Thermo-Fisher, USA) showed a broad and
strong peak observed at 3,400 cm™! demonstrated the presence
of stretching vibration of OH group, existence of a weak
stretching vibration at 2,934 cm™' was ascribed to the presence
of saturated bonds of C-H. Further peaks at 1,145 cm™!
recommended the existence of the glycosidic linkages p C-O—
C and C-OH, with peaks at 826 cm™' specified the existence of
mannose and the bands in the range of 839-810 cm™' were
assigned to a-d-Galactose. It finds its usage in metal binding
nano materials for targeted drug delivery due to its favourable
properties such as being a biopolymer, low solubility, high
metal binding ability, and the ability to spontaneously form
nanoparticles [74-75]. Thus, from all these instances it can be
observed that a typical polysaccharide, with B glycosidic bonds
can find their usage in novel drug delivery.

CONCLUSION

To combat life threatening viral diseases like COVID 19
(SARS CoV 2), several studies are ongoing for the delivery of
the active molecules. The use of natural polysaccharides for
pharmaceutical applications especially in drug delivery, is
highly sought after due to their economical, easily availability,
non-toxic, capable of chemical modification, biocompatible and
biodegradable. In recent years, many water-soluble
polysaccharides have become important majorly due to their
investigation for usage in drug delivery of antiviral drugs. In
this study, the extraction, separation, physicochemical studies
and structural characterization of polysaccharides were
reviewed, and their antiviral activity as well potential usage in
delivery of antiviral drugs were discussed. In the future
research, we can further expand the source of polysaccharides
to find new potential adjuvant for delivery of SARS CoV 2
targeted drugs.

Acknowledgement
We would like to acknowledge for providing us with all
the lab facilities which helped us on every stage of this research.

Declaration of interest: None.

LITERATURE CITED

1. Alrasheid AA, Babiker MY, Awad TA. 2021. Evaluation of certain medicinal plants compounds as new potential inhibitors of
novel corona virus (COVID-19) wusing molecular docking analysis. In Silico Pharmacology 9: 1-7.
https://doi.org/10.1007/s40203-020-00073-8

2. Huang H, Extraction HG. 2019. Separation, modification, structural characterization, and antioxidant activity of plant
polysaccharides. Chem. Biol. Drug Discovery 96: 209-222. https://doi.org/10.1111/cbdd.13794.

3.RenY, Bai Y, Zhang Z, Cai W, Del Rio Flores A. 2019.The preparation and structure analysis methods of natural polysaccharides
of plants and fungi: A review of recent development. Molecules 24(17): 3122. https://doi.org/10.3390/molecules2417312

4. Cui SW. 2005. Structural analysis of polysaccharides, Food Carb. 3. https://doi.org/10.1201/9780203485286.ch3.

5. Ji X, Yin M, Nie H, Liu Y. 2020. A review of isolation, chemical properties, and bioactivities of polysaccharides from Bletilla
striata. Biomed Res. International 19: 2020 https://doi.org/10.1155/2020/5391379.

6. Kakar MU, Naveed M, Saeed M, Zhao S, Rasheed M, Firdoos S, Manzoor R, Deng Y, Dai R. 2020. A review on structure,
extraction, and biological activities of polysaccharides isolated from Cyclocarya paliurus (Batalin) Iljinskaja, Int. Jr. Biol.
Macromolecules 156: 420-429. https://doi.org/10.1016/j.ijbiomac.2020.04.022.

7. Carlotto J, de Almeida Veiga A, de Souza LM, Cipriani TR. 2020. Polysaccharide fractions from Handroanthus heptaphyllus
and Handroanthus albus barks: Structural characterization and cytotoxic activity. Int. Jr. Biol. Macromolecules 165: 849-
856. https://doi.org/10.1016/j.ijbiomac.2020.09.218.

8. Wang J, Lu HD, Muhammad U, Han JZ, Wei ZH, Lu ZX, Bie XM, Lu FX. 2016. Ultrasound-assisted extraction of
polysaccharides from Artemisia selengensis Turcz and its antioxidant and anticancer activities. Jr. Food Science and
Technology 53: 1025-1034. https://doi.org/10.1007/s13197-015-2156-X.

9. Rahmati S, Abdullah A, Kang OL. 2019. Effects of different microwave intensity on the extraction yield and physicochemical
properties of pectin from dragon fruit (Hylocereus polyrhizus) peels. Bioact. Carbohydrates Diet. Fibre. 18: 100186.
https://doi.org/10.1016/j.bcdf.2019.100186.

10. Miao T, Wang J, Zeng Y, Liu G, Chen X. 2018. Polysaccharide-based controlled release systems for therapeutics delivery and
tissue engineering: From bench to bedside. Adv. Sci. 5(4): 1700513. https://doi.org/10.1002/advs.201700513.

11. Farhadi N. 2017. Structural elucidation of a water-soluble polysaccharide isolated from Balangu shirazi (Lallemantia royleana)
seeds. Food Hydrocoll. 72: 263-270. https://doi.org/10.1016/j.foodhyd.2017.05.028.

12. Wang TS, Lii CK, Huang YC, Chang JY, Yang FY. 2011. Anticlastogenic effect of aqueous extract from water yam (Dioscorea
alata L.) Jr. Med. Plant Research 5(26): 6192-6202. https://doi.org/10.5897/JMPR11.1126.

13. Ma F, Zhang Y, Liu N, Zhang J, Tan G, Kannan B, Liu X, Bell AE. 2017. Rheological properties of polysaccharides from
Dioscorea opposita Thunb. Food Chemistry 227: 64-72. https://doi.org/10.1016/j.foodchem.2017.01.072.

14. Maity K, Kar E, Maity S, Gantait SK, Das D, Maiti S, Maiti TK, Sikdar SR, Islam SS. 2011. Structural characterization and
study of immunoenhancing and antioxidant property of a novel polysaccharide isolated from the aqueous extract of a somatic
hybrid mushroom of Pleurotus florida and Calocybe indica variety APK2. Int. Jr. Biol. Macromolecules 48: 304-310.
https://doi.org/10.1016/j.ijbiomac.2010.12.003.

15. Aguilé-Aguayo I, Walton J, Vifas |, Tiwari BK. 2017. Ultrasound assisted extraction of polysaccharides from mushroom by-
products. Lwt. 77: 92-99. https://doi.org/10.1016/j.lwt.2016.11.043.

16. Thirugnanasambandham K, Sivakumar V, Maran JP. 2015. Microwave-assisted extraction of polysaccharides from mulberry
leaves. Int. Jr. Biol. Macromolecules 72: 1-5. https://doi.org/10.1016/j.ijbiomac.2014.07.031.

627


https://doi.org/10.1007/s40203-020-00073-8

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

.QuY, LiC, Zhang C, Zeng R, Fu C. 2016. Optimization of infrared-assisted extraction of Bletilla striata polysaccharides based
on response surface methodology and their antioxidant activities. Carbohydrate Polymers 148: 345-353.
https://doi.org/10.1016/j.carbpol.2016.04.081.

Zhang ZP, Shen CC, Gao FL, Wei H, Ren DF, Lu J. 2017. Isolation, purification and structural characterization of two novel
water-soluble polysaccharides from Anredera cordifolia. Molecules 22(8): 1276.
https://doi.org/10.3390/molecules22081276.

Tang H, Guo M, Yao H, Guo J. 2013. Study on the purification of polysaccharide from purple sweet potato by Sephadex G-
100, ICAMechS. 642-647.

Prabaharan M. 2011. Prospective of guar gum and its derivatives as controlled drug delivery systems. Int. Jr. Biol.
Macromolecules 49: 117-124. https://doi.org/10.1016/j.ijbiomac.2011.04.022.

Zarmpi P, Flanagan T, Meehan E, Mann J, Fotaki N. 2020. Biopharmaceutical understanding of excipient variability on drug
apparent solubility based on drug physicochemical properties. Case study: Super disintegrants. AAPS Journal 22: 1-17.
https://doi.org/10.1208/512248-019-0406-y.

Chen YC, Ho HO, Liu Dz, Siow WS, Sheu MT. 2015. Swelling/floating capability and drug release characterizations of
gastroprotective drug delivery system based on a combination of hydroxyethyl cellulose and sodium carboxymethyl
cellulose. PLoS One 10: 1-17. https://doi.org/10.1371/journal.pone.0116914.

Guo H, Zhang W, Jiang Y, Wang H, Chen G, Guo M. 2019. Physicochemical, structural, and biological properties of
polysaccharides from dandelion. Molecules 24(8): 1485. https://doi.org/10.3390/molecules24081485

Vignesh RM, Nair BR. 2018. Extraction and characterization of mucilage from the leaves of Hibiscus rosa-sinensis Linn.
(Malvaceae). Int. Jr. Pharm. Sci. Research 9: 2883-2890. https://doi.org/10.13040/1JPSR.0975-8232.9(7).2883-90.

Durai RD. 2015. Drug delivery approaches of an antiviral drug: A comprehensive review. Asian Journal of Pharmacy 9: 1-12.
https://doi.org/10.4103/0973-8398.150030.

Suvakanta D, Narsimha MP, Pulak D, Joshabir C, Biswajit D. 2014. Optimization and characterization of purified
polysaccharide from Musa sapientum L. as a pharmaceutical excipient. Food Chemistry 149: 76-83.
https://doi.org/10.1016/j.foodchem.2013.10.068.

Zhang L, Zhang W, Wang Q, Wang D, Dong D, Mu H, Ye XS, Duan J. 2015. Purification, antioxidant and immunological
activities of polysaccharides from Actinidia chinensis roots. International Journal of Biol. Macromolecules 72: 975-983.
https://doi.org/10.1016/j.ijbiomac.2014.09.056.

Goélo V, Chaumun M, Gongalves A, Estevinho BN, Rocha F. 2020. Polysaccharide based delivery systems for curcumin and
turmeric  powder encapsulation using a spray drying process. Powder Technology 370: 137-146.
https://doi.org/10.1016/j.powtec.2020.05.016.

Krishnaraj K, Chandrasekar MJ, Nanjan MJ, Muralidharan S, Manikandan D. 2012. Development of sustained release
antipsychotic tablets using novel polysaccharide isolated from Delonix regia seeds and its pharmacokinetic studies. Saudi
Pharm. Journal 20: 239-248. https://doi.org/10.1016/j.jsps.2011.12.003.

Bashir M, Haripriya S. 2016. Assessment of physical and structural characteristics of almond gum. Int. Jr. Biol. Macromolecules
93: 476-482. https://doi.org/10.1016/j.ijbiomac.2016.09.009.

Suvakanta D, Narsimha MP, Pulak D, Joshabir C, Biswajit D. 2014. Optimization and characterization of purified
polysaccharide from Musa sapientum L. as a pharmaceutical excipient. Food Chemistry 149: 76-83.
https://doi.org/10.1016/j.foodchem.2013.10.068.

Yang Y. 2019. Glass transition temperature of particles for drug delivery, Theses. https://digitalcommons.njit.edu/theses/1662.

Zhang W, Xiang Q, Zhao J, Mao G, Feng W, Chen Y, Li Q, Wu X, Yang L, Zhao T. 2020. Purification, structural elucidation
and physicochemical properties of a polysaccharide from Abelmoschus esculentus L (okra) flowers. Int. Jr. Biol.
Macromolecules 155: 740-750. https://doi.org/10.1016/j.ijbiomac.2020.03.235.

Kamisetti RR, Katta RR, Chengespur MK. 2021. Solubility enhancement and D Kamisetti development of gum-based colon
targeted drug delivery systems of Quercetin. International Journal of Pharm. Sc. Research 12(11): 1123-1130.
https://doi.org/10.13040/1JPSR.0975-8232.12(2).1123-30.

Wang L, Liu HM, Xie AJ, Wang XD, Zhu CY, Qin GY. 2018. Chinese quince (Chaenomeles sinensis) seed gum: Structural
characterization. Food Hydrocoll. 75: 237-245. https://doi.org/10.1016/j.foodhyd.2017.08.001

Guo MQ, Hu X, Wang C, Ai L. 2017. Polysaccharides: Structure and solubility. Intech. Open 2017: 7-21.
http://dx.doi.org/10.5772/intechopen.71570

Mutaillifu P, Bobakulov K, Abuduwaili A, Huojiaaihemaiti H, Nuerxiati R, Aisa HA, Yili A. 2020. Structural characterization
and antioxidant activities of a water-soluble polysaccharide isolated from Glycyrrhiza glabra. Int. Jr. Biol. Macromolecules
144: 751-759. https://doi.org/10.1016/j.ijbiomac.2019.11.245.

Gao X, Qi J, Ho CT, Li B, Mu J, Zhang Y, Hu H, Mo W, Chen Z, Xie Y. 2020. Structural characterization and
immunomodulatory activity of a water-soluble polysaccharide from Ganoderma leucocontextum fruiting bodies, Carbohydr.
Polym. 249: 116874. https://doi.org/10.1016/j.carbpol.2020.116874.

Opoku-Temeng C, Kobayashi SD, DeLeo FR. 2019. Klebsiella pneumoniae capsule polysaccharide as a target for therapeutics
and vaccines, Comput. Struct. Biotechnol. Journal 17: 1360-1366. https://doi.org/10.1016/j.csbj.2019.09.011.

Isaac DH, Gardner KH, Atkin ED, Elsasser-Beile U, Stirm S. 1978. Molecular structures for microbial polysaccharides: X-Ray
Diffraction Results from Klebsiella Serotype K57 Capsular Polysaccharide. Carbohydrate Research 66: 43-52.

Nokhodchi A, Nazemiyeh H, Ghafourian T, Hassan-Zadeh D, Valizadeh H, Bahary LA. 2002. The effect of glycyrrhizin on the
release rate and skin penetration of diclofenac sodium from topical formulations. Farmaco. 57: 883-888.
https://doi.org/10.1016/S0014-827X(02)01298-3.

Sims IM, Carnachan SM, Bell TJ, Hinkley SF. 2018. Methylation analysis of polysaccharides: Technical advice, Carbohydr.
Polym. 188: 1-7. https://doi.org/10.1016/j.carbpol.2017.12.075.

628


https://doi.org/10.13040/IJPSR.0975-8232.12(2).1123-30
https://doi.org/10.1016/j.foodhyd.2017.08.001

43.

44,

45,

46.

47,

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Archana G, Sabina K, Babuskin S, Radhakrishnan K, Fayidh MA, Babu PA, Sivarajan M, Sukumar M. 2013. Preparation and
characterization of mucilage polysaccharide for biomedical applications, Carbohydr. Polym. 98: 89-94.
https://doi.org/10.1016/j.carbpol.2013.04.062.

Diaz-Carballo D, Acikelli AH, Klein J, Jastrow H, Dammann P, Wyganowski T, Guemues C, Gustmann S, Bardenheuer W,
Malak S, Tefett NS. 2015. Therapeutic potential of antiviral drugs targeting chemorefractory colorectal adenocarcinoma cells
overexpressing endogenous retroviral elements. Jr. Exp. Clin. Cancer Research 34: 1-13. https://doi.org/10.1186/s13046-
015-0199-5.

Singhal AK, Jarald EE, Showkat A, Daud A. 2012. Invitro evaluation of Moringa oleifera gum for colon- specific drug delivery,
Int. Jr. Pharm. Investig. 2: 48. https://doi.org/10.4103/2230-973x.96926.

Raja W, Bera K, Ray B. 2016. Polysaccharides from: Moringa oleifera gum: Structural elements, interaction with B-
lactoglobulin and antioxidative activity. RSC Adv. 6: 75699-75706. https://doi.org/10.1039/c6ral3279k.

Pandian P, Kannan K, Manikandan M, Manavalan R. 2012. Formulation and evaluation of oseltamivir phosphate capsules. Int.
Jr. Pharm. Pharm. Science 4: 342-347.

Jeong HK, Lee D, Kim HP, Baek SH. 2019. Structure analysis and antioxidant activities of an amylopectin-type polysaccharide
isolated from dried fruits of Terminalia chebula, Carbohydr. Polym. 211: 100-108.
https://doi.org/10.1016/j.carbpol.2019.01.097.

Noreen S, Ghumman SA, Batool F, ljaz B, Basharat M, Noureen S, Kausar T, Igbal S. 2020. Terminalia arjuna gum/alginate
in situ gel system with prolonged retention time for ophthalmic drug delivery. Int. Jr. Biol. Macromolecules 152; 1056-1067.
https://doi.org/10.1016/j.ijbiomac.2019.10.193.

Legrand J, Brujes L, Garnelle G, Phalip P. 1995. Study of a microencapsulation process of a virucide agent by a solvent
evaporation technique. Jr. Microencapsul. 12: 639-649. https://doi.org/10.3109/02652049509006794.

Varshney SC, Rizvi SA, Gupta PC. 1973. Structure of a Polysaccharide from Cassia tora Seeds. Int. Jr. Agric. Food Chemistry
21(2): 222-226. https://doi.org/10.1021/jf60186a008.

Sharma BR, Kumar V, Soni PL. 2003. Carbamoylethylation of Cassia tora gum. Carbohydrate Polymers 54: 143-147.
https://doi.org/10.1016/S0144-8617(03)00132-2.

Harika K, Debnath S. 2015. Formulation and evaluation of nanoemulsion of amphotericin B. Int. Jr. Nov. Trends Pharm. Science
5:114-122. www.ijntps.org.

Bose S, Biswas M. 1985. The structure of the gum of Anacardium occidentale. Acta Hortic. 108: 207-217.
https://doi.org/10.17660/actahortic.1985.108.37.

Rohit RB, Riyaz Ali MO, Padmaja C, Afrasim MO. 2015. Formulation and evaluation of sustained release dosage form using
modified cashew gum. Int. Jr. Pharm. Pharm. Science 7: 141-150.

Soni P, Solanki D. 2018. Formulation and evaluation of sustained release matrix tablet of antiviral drug by natural
polysaccharide. Int. Jr. Chem. Tech. Research 11: 323-328. https://doi.org/10.20902/ijctr.2018.111136.

Nagel A, Conrad J, Leitenberger M, Carle R, Neidhart S. 2016. Structural studies of the arabinogalactans in Mangifera indica
L. fruit exudate. Food Hydrocoll. 61: 555-566. https://doi.org/10.1016/j.foodhyd.2016.05.038.

Carrouel F, Gongalves LS, Conte MP, Campus G, Fisher J, Fraticelli L, Gadea-Deschamps E, Ottolenghi L, Bourgeois D. 2021.
Antiviral activity of reagents in mouth rinses against SARS-CoV-2. Jr. Dent. Research 100: 124-132.
https://doi.org/10.1177/0022034520967933.

Ramesh HP, Yamaki K, Ono H, Tsushida T. 2001. Two-dimensional NMR spectroscopic studies of fenugreek (Trigonella
foenum-graecum L.) galactomannan without chemical fragmentation. Carbohydrate Polymers 45: 69-77.
https://doi.org/10.1016/S0144-8617(00)00231-9.

Gidley MJ, Lillford PJ, Rowlands DW, Lang P, Dentini M, Crescenzi V, Edwards M, Fanutti C, Reid JG. 1991. Structure and
solution  properties of tamarind seed  polysaccharide,  Carbohydrate = Research  214:  299-314.
https://doi.org/10.1016/00086215(91)80037-N.

Swamy M, Abeler-Dérner L, Chettle J, Mahlakoiv T, Goubau D, Chakravarty P, Ramsay G, Reis e Sousa C, Staeheli P,
Blacklaws BA, Heeney JL. 2015. Intestinal intraepithelial lymphocyte activation promotes innate antiviral resistance. Nat.
Commun. 6(1): 7090. https://doi.org/10.1038/ncomms8090.

Singh S, Bothara S. 2014. Morphological, physico-chemical and structural characterization of mucilage isolated from the seeds
of Buchanania lanzan Spreng. Int. Jr. Heal. Allied Science 3: 33. https://doi.org/10.4103/2278-344x.130609.

Devendharan K, Narayanan N. 2013. Approaches of novel drug delivery systems for Anti-HIV agents. Int. Jr. Drug Dev.
Research 5: 16-24.

Arab K, Ghanbarzadeh B, Ayaseh A, Jahanbin K. 2021. Extraction, purification, physicochemical properties and antioxidant
activity of a new polysaccharide from Ocimum album L. seed. International Journal of Biol. Macromolecules 180: 643-653.
https://doi.org/10.1016/j.ijbiomac.2021.03.088

Molaei H, Jahanbin K. 2018. Structural features of a new water-soluble polysaccharide from the gum exudates of Amygdalus
scoparia Spach (Zedo gum). Carbohydr. Polym. 182: 98-105. https://doi.org/10.1016/j.carbpol.2017.10.099

Fadavi G, Mohammadifar MA, Zargarran A, Mortazavian AM, Komeili R. 2014. Composition and physicochemical properties
of Zedo gum exudates from  Amygdalus  scoparia. Carbohydrate =~ Polymers  101:  1074-1080.
https://doi.org/10.1016/j.carbpol.2013.09.095

Kpodo FM, Agbenorhevi JK, Alba K, Smith AM, Morris GA, Kontogiorgos V. 2019. Structure and physicochemical properties
of Ghanaian grewia gum. Int. Jr. Biol. Macromolecules 122: 866-872. https://doi.org/10.1016/j.ijbiomac.2018.10.220

Liang B, Jin M, Liu H. 2011. Water-soluble polysaccharide from dried Lycium barbarum fruits: Isolation, structural features
and antioxidant activity. Carbohydr. Polym. 83(4): 1947-1951. https://doi.org/10.1016/j.carbpol.2010.10.066

Wang VY, Bai F, Luo Q, Wu M, Song G, Zhang H, Cao J, Wang Y. 2019. Lycium barbarum polysaccharides grafted with
doxorubicin: An efficient pH-responsive anticancer drug delivery system. Int. Journal of Biol. Macromolecules 121: 964-
970. https://doi.org/10.1016/j.ijbiomac.2018.10.103

629


https://doi.org/10.1016/j.ijbiomac.2021.03.088
https://doi.org/10.1016/j.carbpol.2017.10.099
https://doi.org/10.1016/j.carbpol.2013.09.095
https://doi.org/10.1016/j.ijbiomac.2018.10.220
https://doi.org/10.1016/j.carbpol.2010.10.066

70. Samajdar S, Kumar KJ. 2022. Structural characterization and emulsifying properties of a water-soluble Buchanania lanzan gum
polysaccharide. Pharmacogn. Mag. 18(78): 418-426. https://doi.org/10.4103/pm.pm_96_22

71. Sharma A, Bhushette PR, Annapure US. 2020. Purification and physicochemical characterization of Prunus domestica exudate
gum polysaccharide. Carbohydr. Polym. Technol. Appl. 1: 100003. https://doi.org/10.1016/j.carpta.2020.100003

72. Malviya R, Sundram S, Fuloria S, Subramaniyan V, Sathasivam KV, Azad AK, Sekar M, Kumar DH, Chakravarthi S, Porwal
0, Meenakshi DU. 2021, Evaluation and characterization of tamarind gum polysaccharide: the biopolymer. Polymers 13(18):
3023. https://doi.org/10.3390/polym13183023

73. Nayak AK, Pal D. 2018. Functionalization of tamarind gum for drug delivery. Functional Biopolymers 25-56.
https://doi.org/10.1007/978-3-319-66417-0_2

74. Safdar B, Pang Z, Liu X, Jatoi MA, Mehmood A, Rashid MT, Ali N, Naveed M. 2019. Flaxseed gum: Extraction, bioactive
composition, structural characterization, and its potential antioxidant activity. Jr. Food Biochemistry 43(11): e13014.
https://doi.org/10.1111/jfbc.13014

75. Kumar D, Pal RR, Das N, Roy P, Saraf SA, Bayram S, Kundu PP. 2024. Synthesis of flaxseed gum/melanin-based scaffold: A
novel approach for nano-encapsulation of doxorubicin with enhanced anticancer activity. International Journal of Biol.
Macromolecules 256: 127964. https://doi.org/10.1016/j.ijbiomac.2023.127964

630


https://doi.org/10.4103/pm.pm_96_22
https://doi.org/10.1016/j.carpta.2020.100003
https://doi.org/10.3390/polym13183023
https://doi.org/10.1016/j.ijbiomac.2023.127964

