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ABSTRACT

Alginate is a naturally occurring polysaccharide from marine-sourced brown algae. Its
physicochemical properties like solubility, biodegradation, and biocompatibility make it
useful in drug delivery. The mucoadhesive property of alginate indicates its use as a potential
drug carrier in mucosal delivery systems. In the recent past, delivery of drugs on the mucosal
side has been dramatically increased due to prolonged residential time, localised drug action,
lower systemic drug concentration, and bypassing of the first pass metabolism. This review
article provides an overview of alginate and its use as different drug carriers in mucosal
delivery systems.
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INTRODUCTION

Mucus is a semi-permeable membrane that
allows for the exchange of water,
hormones, nutrients, and gasses while also
preventing the entry of various pathogens

due to its adhesive property and acting as a

steric barrier [1]. Different organs contain
mucus of different compositions and
different thicknesses, but the function
remains the same. The mucus present in the

stomach is the thickest one, and in the case

IJBPAS, May, 2023, 12(5)

2150



KarmaRar S et al

Review Article

of the intestine, the mucus gradually thins
out [2-4]. Mucoadhesion is the process of
bioadhesive interaction between
formulations and the mucosal epithelium
layer [5]. The main advantage of a
mucoadhesive system is the prolongation of
residence time at the site of absorption. The
mucociliary clearance system acts as the
body’s own natural defense mechanism
against the deposition of various impurities
on the mucosal membrane [6]. The water
solubility, molecular weight, and chemical
stability of drugs also play a major role in
the process of mucoadhesion and
penetration. The drug molecules, which
possess lower  hydrophilicity, small
molecular size, and neutral surface charge,
are able to pass through the mucosal layer
easily [7]. In recent advancements, drug
penetration through the mucosal membrane
is influenced by the disruption of the
mucosal membrane and achieves greater
bioavailability [8].

The mucous membrane is mainly
composed of electrolytes, glycoproteins,
water, fats, cell components, proteins,
immune factors, and enzymes. The pH of
the mucus differs from the regional basis of
the body. The ocular mucous membrane
exhibits a slightly basic, whereas, in the
airways section it shows a neutral pH. The
luminal surface of the gastric mucus
exhibits a highly acidic and the epithelial

surface shows a neutral pH [9-11]. The

mucous layer is composed of mucin fibers
which are secreted from the submucosal
glands and the goblet cells. Mucins are high
molecular weight glycoproteins that consist
of threonine, proline, and serine units in a
very high amount. These residues are
glycosylated with fructose, N- acetyl
galactosamine, sialic acids, N-
acetylglucosamine and galactose. Because
of the presence of the sulfate and carboxyl
groups, mucin has a negative charge [12].
Mucins are of two types, membrane-bound
mucins, or secreted mucins. The properties
like signal transduction, pathogen binding,
and cellular adhesion are exhibited by the
membrane-bound mucins, whereas the
viscoelastic property of the mucus is
exhibited by the secreted mucins [9, 13].
There are 21 genes which encode the whole
mucin, and among them, 15 genes are
expressed in the gastrointestinal system.
The gastrointestinal tract contains MUC2,
MUCSAC, MUCS5B, MUC6, and MUC7
mucins, among which the MUC2 mucin is
the most predominant one. The salivary
gland has MUC5B and MUC7 mucins. The
mucin in the cervix region is MUC4 and
MUCS5B. At the ocular site, MUCS5AC is
found to be the primary mucin. If any
mucin gets expressed or localized altered,
then it will lead to various pathological
conditions, mainly including cancers and
ulcerative colitis. Aging also leads to the

gradual decrease of the thickness of the
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colonic mucus layer as a result of gene
expression, which is involved in the
biosynthesis of the mucus [2, 9, 12, 14, 15].
There are mainly two barriers for drug
diffusion across the mucus layer. The first
one is the clearance of the mucus, which
creates a limited time window for the
diffusion of the drug across the membrane.
This turnover time is directly proportional
to the thickness of the mucus layer. The
thinnest mucus layer is present in the eye,
so that the turnover time is very much
shorter here [4]. The second one is the
mucin network itself, which acts as a steric
barrier by forming a size exclusion filter for
compounds with high molecular weights.
The average mesh spacing present in the
intestinal mucus is close to about 200 nm.
It was found that the rate of diffusion of the
drug particles across the membrane was
inversely proportional to their particle size.
Rather than this, the mucous membrane
also shows weak Van der Waals interaction
with the drug compounds and the
functional groups which are produced by
the glycans like the sulfate, carboxylic and
hydroxyl moieties [1, 16].

Various polymers are being explored for
use in these mucoadhesive drug delivery
systems. Among all the polymers, alginate
is the most capable one. Alginates are the
types of natural polymers that are generally
derived from the brown marine algae cell

walls and also from brown seaweed for

commercial purposes [17]. Chemically, the
alginates are the salts of various alginic
acids and their derivatives. It contains a
linear polysaccharide made up of divalent
alginic acid salts [18-21]. The alginate
possesses an egg-box-like structure, which
helps with the ionotropic gelation. The
cost-effective production and absence of
toxic materials in alginate, which
eventually leads to easy drug incorporation
in the system and easy control of the rate of
swellability and release of the drug from
the system [22-24]. So, in this review we
are going to explain how the alginates have
the potential to become one of the most
promising candidates for the preparation of
mucosal drug delivery systems.

SOURCES AND EXTRACTION
PROCEDURE OF ALGINATES

Alginic acid salts and their derivatives are
known as alginates. The alginates are

produced commercially by extraction and

purification from the brown seaweeds of

the Rhodophyceae, Ascophyllum,
Sargassum, Durvillaea, Ecklonia,
Laminaria, and Macrocystis classes.

Among all the varieties, the Sargassum
variety is used for commercial production
of alginates due to its higher yield and high
quality [19-21]. Other than the seaweeds,
various algae like Macrocystis pyrifera,
Laminaria hyperborea, Laminaria digitata,
Laminaria japonica, and Ascophyllum

nodosum are also used for the production
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of alginates [25]. The alginates are found to
be produced by bacteria like Pseudomonas
putida, Azotobacter vinelandii,
Pseudomonas aeruginosa, Pseudomonas
mendocina, Pseudomonas syringae, and
Pseudomonas fluorescens. Among the
bacteria, Azotobacter vinelandii is used for
the industrial production of alginates [26].
Extraction of alginate is a series of
processes. Washed and dried algae are de-
pigmented by 2% formaldehyde and then
washed with deionized water. After that, it
is treated with a 0.2M HCI solution for 24
hrs. Again, it is washed with deionized
water and followed by treatment with 2%
sodium carbonate for 5 h with continuous
stirring. The supernatant liquid is collected
through a centrifugation process, followed
by washing with ethanol, methanol, and
acetone in an orderly manner. The pure
sodium alginate gets precipitated out and
that precipitate is collected, dried and
stored for the required period of time [25,
27].

CHEMISTRY OF ALGINATES
Chemically, alginates are high molecular
weight linear unbranched polysaccharides
composed of C-5 epimer, a-L Guluronic
acid (G) and B-D mannuronic acid (M) by
(1,4) glycosidic bonds. The molecular
weight and degree of polymerization of
alginates are 20,000-6,00,000 g/M and 100-
3,000, respectively [28]. The M and G
different

segments are arranged in

sequences and form homopolymer M
(MMMMM), G (GGGGG) blocks and
heteropolymer M and G  blocks
(MGMGMG) as shown in Figure 1. This
type of arrangement was first discovered by
Haug in the year 1959; later, with the help
of 1H and 13C NMR spectroscopy results,
the structures were justified [22]. If the G-
G blocks are linked together with the help
of a-(1,4) glycosidic bonds, it leads to the
formation of the 1C4 chair form. The
formation of a 4C1 chair occurs when M-M
are linked together via a -(1,4) glycosidic
bond. Due to the presence of the bulky
carboxylic groups in the polymeric chain, it
leads to the formation of
equatorial/equatorial, equatorial/axial and
axial/axial glycosidic bonds in M-M, M-G
and G-G, respectively, which results in the
formation of buckled stiff polymers in the
regions of G-block, flexible ribbon
polymers in the regions of M-block and
intermediate stiffed regions of MG-block
[22]. In nature, the alginates are found
abundantly in seawater in the form of Sr2+,
Mg2+and Nat+ metal cations. The
degradation of the alginates is higher when
the pH ranges are greater than 10.0 and
lower than 5.0. Among all the alginate
varieties, the sodium salt of alginic acid

shows better aqueous solubility and is

widely used [29].
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Figure 1: Structure of alginate

MUCOADHESIVE PROPERTY OF
ALGINATES

There are two steps in the mucoadhesion
process. The first one is the contact stage,
where the formulation comes in contact
with the mucus membrane, swells and
spreads over it and produces a deep contact
with the layer [30]. The next one is the
consolidation step, where the
mucoadhesive systems get activated due to
the presence of moisture. The plasticization
of the system occurs when it comes in
contact with moisture, which eventually
helps to break the mucoadhesive molecules.
It is able to create links through hydrogen
bonds and the weak Van der Waals force
[S]. The consolidation step is properly
described by two theories, which are the
diffusion theory and the dehydration theory
[31]. The polymers have to show certain
characteristics to be a candidate for the
mucoadhesive polymer, like they have to
be non-irritant, non-toxic, non-absorbable,
have the ability to form strong non-covalent
bonds, be able to adhere quickly to the
tissues, and have to show better storage
usage stability [32]. They undergo an

aqueous transformation from sol to gel

followed by water insoluble salts in the
addition of divalent ions like strontium,
calcium, and barium. Among all of them,
the calcium alginates are generally used for
this system, which includes gels, beads,
films, sponges, and microparticles [30]. In
particular, the  negatively  charged
polysaccharides of alginates are widely
used in the preparation of mucoadhesive
microparticles as  the  polyanionic
mucoadhesive polymers [33].

DIFFERENT MUCOADHESIVE DRUG
DELIVERY STRATEGIES

Several alginates-based mucosal drug

delivery strategies are shown in Figure 2.
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Figure 2: Alginate based mucosal drug delivery
strategies

Nanoparticles

Due to their small size, nanoparticles are
one of the most preferable candidates for
mucoadhesive delivery systems. They offer
a much greater surface area, and they can
be made to adhere to the mucus membrane
more efficiently, which results in better
absorption. It is also able to protect the
peptides from various enzymatic activities
and extreme pH values [34, 35]. Insulin-
loaded mucoadhesive nanoparticles have
been successfully prepared using alginate

and chitosan by ionotropic gelation of the
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alginate followed by a complexation of
chitosan polyelectrolyte [36]. Poly (lactic-
co-glycolic acid) (PLGA) nanoparticles of
pilocarpine have been developed by the
method, and

solvent  evaporation

mucoadhesive  properties have  been
imparted by coating with sodium alginate
[37].

Microspheres
In general, microspheres have great
potential to be a targeted and controlled-
release

mucoadhesive  drug  delivery

system. They also possess higher
bioavailability, better biocompatibility, and
a wider variety of drug encapsulations,
including nucleic acids and proteins. Due to
their high surface-to-volume ratio, they are
able to produce better intimate contact with
the mucous membrane, providing better
absorption and bioavailability of the drug
[38]. Alginate based mucoadhesive
microspheres of metformin HCI have been
prepared by ionotropic gelation along with
Linum usitatissimum mucilage (LSM) for
sustained release [39]. In another study,
mucoadhesive microspheres containing
gliclazide were formulated by the same
process but tamarind seed polysaccharide
(TSP) was employed instead of LSM [40].
Mucoadhesive beads

The mucoadhesive beads are very similar to
the microspheres. They possess a high
surface area and are able to encapsulate a

wide variety of drugs, and show better

biocompatibility and higher bioavailability
[41, 42]. In a research study, the ionotropic
gelation process was initiated for the
formation of alginate-based mucoadhesive
gastro-retentive beads of rebamipide where
Carbopol 934 was added as a viscosity
modifying polymer [43]. Mucoadhesive
beads have been formulated following
ionotropic gelation using okra (Hibiscus
esculentus) gum and sodium alginate for
sustained release of glibenclamide [44].
Tablets

Of all the pharmaceutical dosage forms,
tablets are the most famous and most
widely used because of their higher patient
compliance. Due to their greater surface-to-
volume ratio, they can also adhere to the
mucosal tissue lining of the stomach and
can produce localized drug action in a
controlled manner [45]. Another research
finding revealed that the mucoadhesive
sustained release tablet of lafutidine was
formulated by direct compression where
sodium alginate, karaya gum, and xanthan
gum were used as matrix formers [46].
In-situ gels

For use in the delivery system, alginate-
based gel forming systems or in-situ gel
forming systems are extremely
advantageous. The cross-linking of the
alginate chains occurs via the calcium ions
either by the internal setting method or by
the diffusion method [47-49]. An oral

sustained release in situ gelling system of
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famotidine based on sodium alginate was

studied [50]. A mucoadhesive and

thermosensitive in situ gel containing
nimesulide was studied based on sodium
alginate, hydroxypropyl methylcellulose,
and poloxamer 407 [51].

Hydrogels
Hydrogels have the ability to hold
biological fluids or aqueous solutions in
very high amounts due to the presence of
2D or 3D network structures. The presence
of hydrophilic groups in the molecular
chains means they possess a high affinity
and show better

for water porosity,

elasticity, and swelling capacity [52, 53].

An ion-activated mucoadhesive hydrogel
system based on sodium alginate and
sodium carboxymethyl cellulose has been
studied for ophthalmic delivery of
gatifloxacin sesquihydrate [S4]. In another
study, administration of oral insulin has
been made by hydration of prepared
microspheres using alginate and whey
protein, where insulin entrapment was
achieved by a diffusion mechanism across
the hydrogel layer of the microsphere [55].
A few alginate based mucosal delivery of

commonly used therapeutic agents are

summarized in Table 1.

Table 1: Application of alginate in mucosal delivery of drugs

Applications Polymeric composition Type of drug carrier Drug References
Antibiotic Drug Alginate and chitosan Membrane Metronidazole [56]
Delivery Alginate-chitosan Polyelectrolyte complex film Clindamycin [57]
Sodium alginate, gellan and sodium Ion-activated hydrogel Gatifloxacin [54]
carboxymethyl cellulose
NSAID drug Alginate- sericin Mucoadhesive particles Ibuprofen [58]
delivery Alginate Hybrid aerogel microparticles Ketoprofen [59]
Alginate Hydrogels Ketorolac [60]
Anti-diabetic drug | Alginate and ispaghula husk mucilage Beads Glibenclamide [61]
delivery Alginate and ispaghula Beads Gliclazide [41]
Alginate and whey protein Hydrogel microsphere Insulin [55]
Alginate and jackfruit seed starch Beads Metformin HCI1 [62]
Anti-ulcer drug Alginate Beads Rebamipide [43]
delivery Sodium alginate In situ gel Famotidine [50]
Miscellaneous Sodium alginate and the Films Cetirizine [63]
hydroxypropyl methylcellulose dihydrochloride
Alginate, cholesterol and 1,2- Liposomal paste doxorubicin [64]
dimyristoyl-sn-glycero-3-
phosphocholine
Alginate Solid lipid nanoparticles Almotriptan [65]
containing in-situ gel
Sodium alginate Microspheres Metoclopramide [66]
Sodium alginate Microspheres Carvedilol [67]
CONCLUSION mucoadhesive property of alginate in
The utility of alginate in different forms of formulations like nanoparticles,

drug delivery systems as a drug carrier is

summarized in this review. The

microspheres, beads, tablets, in-situ gels,

and hydrogels causes prolongation of the
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residence time of the formulation at the
mucosal side and provides slow drug
release for a longer period of time. Mucosal
drug delivery systems have the potential to

reduce systemic drug concentrations,
improve local drug action, and avoid pre-
systemic drug metabolism. The source,
extraction process, and chemistry of

alginate are outlined. The favorable

compatibility,  biodegradation, = muco-

adhesion, and non-toxic characteristics

have aided its versatile application in

pharmaceutical and biomedical fields.
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