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On this note, biodegradable polymeric nanocarrier is deemed to control the release of the drug, stabilize labile molecules
from degradation and site-specific drug targeting, with the main aim of reducing the dosing frequency and prolonging the
therapeutic outcomes. Thus, it is essential to select the appropriate biopolymer material, e.g., sodium alginate to formulate
nanoparticles for controlled drug delivery. Alginate has attracted considerable interest in pharmaceutical and biomedical
applications as a matrix material of nanocarriers due to its inherent biological properties, including good biocompatibility
and biodegradability. Various techniques have been adopted to synthesize alginate nanoparticles in order to introduce
more rational, coherent, efficient and cost-effective properties.
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| 1. Introduction

Nanomaterials have recently received much attention as drug carriers. In particular, nanoparticle-based nanoparticles LI
[ lipids B4, magnetic nanoparticles Bl and liposomes @ have been widely studied in drug delivery systems. Among alll,
polymeric nanoparticles have been widely investigated due to their unique physicochemical properties 8. The natural and

synthetic polymers are versatile materials and are preferred for many applications, including the pharmaceutical industry
]

Naturally-derived polymers are superior to synthetic ones due to their biodegradability, biocompatibility and biological
activity. Hydrogel-based natural polymers such as alginate, collagen and gelatin can be used to deliver hydrophilic drugs
due to their ability to absorb large amounts of water while maintaining their structures. The water absorption ability is
related to the hydrophilic groups such as —OH, -COOH, —-CONH —-SO3H and —CONHj5, that are contained in the hydrogel
matrices 9. Besides, the chelating, biocompatible, immunogenic and mucoadhesive properties of alginate make it as an
attractive polymer in drug and cell delivery systems 112 Alginates are considered among the most hiosynthesized
polymers, where 70% of annual alginate production is allocated to pharmaceutical and biomedical applications and the
remaining is used in the food industry 131241,

After alginate evolution in the 1980s and their spread as microparticles for encapsulation purposes, several studies were
carried out to synthesize nano-sized alginate particles 18ll18]. Gelling properties of alginate and its remarkable processing
ease have grown its importance in drug delivery, cell immobilization, food industry and research perspectives LMLl
Furthermore, it is considered as an environmentally friendly polymer that can undergo recycling and degradation. Alginate
nanomaterials represent a fast-developing field, particularly for the pharmaceutical and food industry as well as academia.
The gelling property makes alginate polymer as one of the most frequently used in drug delivery 12,

The physicochemical properties of alginate, such as viscosity, thermo-stability, sol-gel transformation, pH-responsivity, as
well as drug release can gain better insight into their potential applications. Many factors could impact the properties of

alginate nanoparticles, such as alginate, surfactant and crosslinker concentrations, stirring time and speed as well as pH
value 29,

| 2. Alginate Polymer

Over the last decades, researchers were extensively utilizing natural polymers, especially in the pharmaceutical 21 and
food industry 22123l due to their advantages such as biocompatibility, biodegradability and low cost L. Alginate is an
anionic polymer that typically obtained from brown marine algae. It is an unbranched polysaccharide copolymer consisting
of alternating of d-mannuronate (M) and I-guluronic (G) blocks linked together by 1,4-glycosidic linkages (Eigure 1A).
Divalent cations, such as Ba®* and Ca?*, can quickly form so-called egg-box complexes with G block to create alginate
hydrogel through gelation phenomenon (Eigure 1B) 24, Hydrogelling ability of alginate has broadened its applications in

biomedical and pharmaceutical research to encapsulate proteins and drugs for controlled release and targeted delivery.



Hydrogel alginate matrix is a pH responsive where it shrinks at low pH, thus, the payload is preserved for extended period
of time. Conversely, it swells and releases the encapsulated drug at higher pH values, offering a great carrier for oral
delivery.

Figure 1. Chemical structure of alginate displaying the d-mannuronate (M) and I-guluronic (G) blocks (A), schematic
representation of calcium binding to alginate to form an egg-box shape (B).

| 3. Sources of Alginates, Extraction, and Purification Methods

Alginates are unbranched polysaccharide, present in the c + ell walls of brown algae as well as some bacteria such as
Azotobacter and Pseudomonas spp. 22281 Typically, the main sources of commercial alginates are from Laminaria
hyperborea, Laminaria digitata, Macrocystis pyrifera, Ascophyllum nodosum, Eclonia maxima, Laminaria japonica,
Lessonia nigrescens, Durvillea antarctica and Sargassum spp. 24. Alginate chains are composed of units of B-d-
mannuronic acid and a-I-guluronic acid of different arrangement depending on their natural source with pKa range from
3.38 to 3.65. Alginate is precipitated as an insoluble alginic acid in the low pH medium at room temperature 28!, Under
alkaline extraction, alginates are purified with sodium hydroxide, sodium carbonate, or gelatinous aluminum hydroxide
from the powdered brown algae. After purification, alginates are filtered and subsequently precipitated with Ca®*
ions/ethanol or by means of acidification 2729,

Essentially, in order to avoid a brown discoloration of the final product, depigmentation of algae powder should take place
prior to the extraction step. In addition, polyphenols are considered as another impurity that alter the rheological properties
of alginate by forming strong dipolar forces with polysaccharides 4. In order to render polyphenols insoluble during the
extraction process, algae powder is soaked in formaldehyde or in a mixture of formaldehyde and ethanol 2. Finally,
polyphenolic levels in the final product are determined using fluorescence spectroscopy at 450 nm wavelength B2,

| 4. Alginate Nanoparticles

The remarkable properties of alginate enable the flexibility to synthesize various designs of particles such as
nanoparticles and nanofibers. Nanosystem is a potential tool for controlling drug stability, delivery and release, which may
improve drug bioavailability as well as expand the choices of drug administration routes 2. Nanoparticles or ultrafine
particles are defined as solid spheres of size range from 10 to 1000 nm £3l. Pharmaceutically, nanoparticles are made of
biocompatible and biodegradable polymers of natural or synthetic origin, in which the pharmaceutical agent can be



entrapped in or diffused into the particle matrix during the synthesis process 24!, Nanofibers, on the other hand, possess
high surface area, controllable pore structure, diameter less than 1000 nm, and light weight compared to the conventional
fibers 3536l The noticeable properties of nanofibers render them highly useful in biomedical B2 and drug delivery
applications B8 as well as skin tissue engineering B2, Figure 2 shows images of alginate nanoparticles/nanofibers
produced by different fabrication approaches using scanning electron microscope (SEM).

Figure 2. Scanning electron microscopy images of alginate nanoparticles prepared by: (a) emulsification/internal gelation,
1% wiw alginate, CaCOg:alginate mass ratios 0.1:1, pH 6 medium chain triglyceride (MCT) oil ¥: (b) nanospray dryer,
spray cap 7 um, flow rate 7 mL/min, drying gas flow of 110 L/min with relative flow rate 100%, inlet drying gas temperature
120 °C and outlet temperature 35 °C [41l: (¢) polyelectrolyte complexation, nisin-loaded nanoparticles alginate 250 mg/mL
and chitosan 250 mg/mL ¥2: (d) evaporation method, zein-to-propylene glycol, alginate mass ratio 20:1 43l (e) layer-by-
layer, paclitaxel, poly (lactic-co-glycolic acid) (PLGA) 10 mg/mL, alginate 5 mg/mL and chitosan 5 mg/mL 4 (f)
emulsification/external gelation, alginate 0.03% wiv and CaCl, 18 mM 42! (g) electrospray DNA plasmid loaded alginate
nanoparticles, flow rate 0.1 mL/h, voltage 12.5 kV, alginate 1% w/v, Tween 20 1% v/v, CaCl, 1.5% wlv, collector distance
4 c¢m and nozzle size 30 G 48] (h) nanofiber produced by electrospinning, alginate 1.74% wiw, voltage 12 kV, needle 27
G, flow rate 0.6 mL/h and distance 12 cm &2,

The small size and large surface area of nanoparticles increase the dissolution rate and solubility of poorly soluble drugs.
Nanoparticles can enhance the targetability of the encapsulant to specific sites of the body/tissue/cells, whether
paracellularly or transcellularly 48], The relationship between the rate of dissolution and particles size as well as surface
area is explained by Noyes—Whitney Equation (1) as follows ©2:

where dc/dt = dissolution rate, D is the diffusion coefficient of the substance, A is the surface area of exposed solid, Cs
and C represent the concentration of the dissolved substance at a given time t and the solubility concentration of the
substance, respectively, and h is the thickness of the diffusion layer.

Also, nanoparticles enhance the solubility, dissolution rate and bioavailability of poorly soluble drugs by promoting the
interaction propensity with the medium, owing to their large surface area 59, Several researchers had developed and
characterized nanoparticles-based natural polymers BY, Jipids B2, polysaccharides B3 and synthetic biodegradable
polymers over the last ten years 4. Due to the unique physicochemical properties of alginate polymer among various
natural polysaccharides, the ability to encapsulate foods, drugs and proteins into alginate nanoparticles has attracted the
interest of many researchers 14, Alginate-based nanocarrier seems to have all optimal requirements to be a successful
drug delivery system due to its biodegradability, biocompatibility, protection effect of oral drugs against harsh
gastrointestinal environment, controllable release, water solubility (avoiding the effect of noxious solvents during
processing), availability and low cost B2, Various studies have focused on enhancing the low intestinal penetration,
gastrointestinal degradation and low bioavailability of orally administered insulin utilizing alginate nanoparticles as an oral
drug delivery system B8I571 On top of that, the application of alginate nanoparticles in cancer treatment has gained wide
attention due to the ability to deliver anti-cancer therapeutics in sufficient manner at target site, promoting the
bioavailability as well as reducing drug dosage and its side effects to the normal tissues B8l59] Alginate nanoparticles
have been also used for targeted antibiotic delivery applications without inducing resistant strains of bacteria BUE4, The
applications and fields that utilized alginate nanoparticles grew proportionally due to their useful properties and simple
synthesis methods.
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