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Abstract: Untreated topical infections can become chronic, posing serious health issues. Optimal skin adherence is crucial in
addressing such infections. In this context, chitosan and alginate emerge as promising candidates for use as a foundation in the
development of topical hydrogels. The aim of this review is to examine the literature on topical hydrogel formulations that use
chitosan and alginate as foundations, specifically in the context of topical antibacterial agents. The research methodology involves
a literature review by examining articles published in databases such as PubMed, Scopus, ScienceDirect, and Google Scholar. The
keywords employed during the research were “Alginate”, “Chitosan”, “Hydrogel”, and “Antibacterial”. Chitosan and alginate serve as
bases in topical hydrogels to deliver various active ingredients, particularly antibacterial agents, as indicated by the search results. Both
have demonstrated significant antibacterial effectiveness, as evidenced by a reduction in bacterial colony counts and an increase in
inhibition zones. This strongly supports the idea that chitosan and alginate could be used together to make topical hydrogels that kill
bacteria that work well. In conclusion, chitosan and alginate-based hydrogels show great potential in treating bacterial infections on the
skin surface. The incorporation of chitosan and alginate into hydrogel formulations aids in retaining antibacterial agents, allowing for
their gradual release over an optimal period. Therefore, hydrogels specifically formulated with chitosan and alginate have the potential
to serve as a solution to address challenges in the treatment of topical bacterial infections.
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Introduction

Normal and healthy skin naturally provides a robust barrier against pathogen invasion. Compromising this barrier makes
individuals vulnerable to infections. Skin injuries such as physical trauma, insect bites, burns, and surgical incisions allow the
entry of pathogenic bacteria, leading to skin and soft tissue infections." Wound healing is a complex project, and promoting
effective skin repair presents a significant clinical challenge.” Staphylococcus aureus and Streptococcus group A commonly
cause primary, secondary, and minor skin wounds® Healthcare professionals commonly use topical antibiotics to treat and
prevent skin infections. This method is well-suited for delivering drugs directly to the site of action, ensuring antibacterial
bioavailability in infected tissues. Additionally, the advantages of topical antibiotics include minimal drug usage, low cost, and
no disruption of intestinal microbial flora.* However, topically applied antibiotics may be associated with some local side
effects and the development of contact dermatitis.” The shallow penetration depth of topical antibiotics limits their use to
superficial infections, and their widespread, unrestricted use can lead to bacterial resistance.’

The use of topical antimicrobials faces challenges such as an increase in bacterial resistance, local hypersensitivity
reactions, and concerns regarding the potential development of antibiotic resistance with antiseptic use.” Therefore, an
optimal drug delivery system for antibacterial medications is crucial to maximize the efficacy of the administered drugs.
Currently, the use of hydrogels for topical treatment offers various advantages to address issues associated with topical
medications. Through formulation into hydrogels, drug release can be modified to occur gradually over an extended
period.®* ' Additionally, the water-based nature of hydrogels is generally more compatible with damaged skin tissues. As
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evidence, the application of hydrogels has proven to have great potential in the field of wound dressings due to their
physical properties closely resembling living tissues and excellent characteristics such as high-water content, oxygen
permeability, and softness.!' As known, wounds are areas of damaged tissue vulnerable to pathogen infection. In this
regard, several types of polymer-based hydrogels not only function as drug carriers but also possess attractive capabilities
to prevent infections.

Among various polymer options available, natural polymers are often preferred due to their biodegradable and relatively
non-toxic nature.'>'? Certain types of natural polysaccharide polymers have intrinsic properties that can prevent the growth
of pathogenic bacteria."*"'” For example, chitosan possesses antibacterial properties by interacting ionically with negatively
charged components on the bacterial cell walls.'”® This intrinsic efficacy can be achieved with a minimal chitosan
concentration (0.2 mg/dL)."® Although the use of chitosan alone can be utilized to create hydrogels, the formed hydrogel
may not have optimal gelling capacity to effectively carry the intended drug.”’** The solution lies in combining it with
another polysaccharide polymer, alginate, which enhances the drug loading capacity in the hydrogel formulation.*® Utilizing
a multivalent cross-linker such as Ca®"*, the gelation process in alginate forms a cross-linked framework that encapsulates
the drug. Hence, the combination of these two polymers holds promise for addressing issues related to topical bacterial
infection treatment.”* Consequently, knowledge regarding the prospective use of chitosan and alginate, which may still be
further developed with variations in polymer combinations, is crucial as a foundation for the development of hydrogel
formulations in topical bacterial infection treatment. To address these issues, this review presents a summary of various
types of hydrogels based on alginate, chitosan, and others that exhibit antibacterial activity.

Method

This review was conducted through the systematic search of relevant articles discussing the use of chitosan and alginate-
based hydrogels for the delivery of antibacterial agents. Article searches were performed on databases, including
PubMed, Scopus, ScienceDirect, and Google Scholar, utilizing the keywords “Alginate”, “Chitosan”, “Hydrogel”, And
“Antibacterial”, without restricting the publication year. Inclusion criteria were applied to filter articles to be discussed in
this review, including: articles published in English; studies employing hydrogels as a dosage form; the use of chitosan
and/or alginate as the hydrogel base; and the inclusion of pharmacologically active substances subsequently tested for
their antibacterial efficacy. Exclusion criteria in this article review encompassed: articles with study designs such as case
reports, case series, and review articles; studies within articles lacking antibacterial testing of the prepared formulations;
and articles with incomplete data, such as those lacking information on the active substances used and bacterial species
employed in the antibacterial efficacy testing.

Topical Infection

Propionibacterium Acnes
Propionibacterium acnes is a gram-positive bacterium with a thick peptidoglycan layer in its cell wall. The bacterium is anaerobic
and produces lipase enzymes that break down free fatty acids from skin lipids. Fatty acids can trigger tissue inflammation.
Therefore, Propionibacterium acnes contributes to the occurrence of acne and is involved in the pathogenesis of acne. Acne is
a form of chronic inflammation that affects the pilosebaceous unit, consisting of hair follicles and sebaceous glands.*
Currently, topical preparations of Erythromycin and Clindamycin are used as antibiotics to treat acne with inflammation
caused by Propionibacterium acnes. On the market, erythromycin is known as Corsatrocin, Dothrocyn, Duramycin, Erymed,
Erysanbe, and Trovilon. Meanwhile, Clindamycin is recognized as Mediklin, Clinbercin, Nufaclind, and Opiclam.*

Corynebacterium

Corynebacterium is a gram-positive bacterium that does not form spores, has a bacillus shape, and is aerobic. Some
species of Corynebacterium bacteria can produce toxins, such as endotoxins, which can cause diseases. This bacterium
causes erythrasma, a superficial skin infection that affects body folds, such as the armpits and groin. Symptoms of this
disease include pink and scaly patches accompanied by itching and a burning sensation. This bacterium causes
erythrasma by invading the stratum corneum, followed by proliferating in conditions such as heat and humidity. The
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bacteria then dissolve keratin fibrils in intercellular spaces and within cells, producing porphyrins. The first-line therapy
is topical erythromycin, clindamycin, or miconazole cream. Some common brand names for topical clindamycin include
Anerocid, Acne Clin, and Benzasil. Meanwhile, some common brand names for miconazole cream include Monistat-

Derm and Micatin.?’

Staphylococcus Epidermidis
Staphylococcus epidermidis is a gram-positive bacterium that forms part of the normal human microbiota, including the skin
microbiota. Staphylococcus epidermidis survives without oxygen and forms cohesive, large, white colonies with a diameter of
about 1-2 mm after overnight growth. It does not break down red blood cells on blood agar. This bacterium is an opportunistic
pathogen that can exhibit virulence when attacking the human body. Staphylococcus epidermidis can cause infections
resulting from the implantation of medical devices, such as cardiac and orthopedic devices. The formation of biofilm,
exopolymers, and other mechanisms can protect this bacterium from antibiotics. The bacteria can enter the skin through
scratches, wounds, or other skin damage. Staphylococcus epidermidis can produce enzymes that break down skin oils,
triggering the formation of acne, and produce toxins that cause inflammation in the skin.

The treatment of Staphylococcus epidermidis infections involves antibiotics, depending on the severity of the infection
and the bacteria’s susceptibility to antibiotics. Medical doctors often use vancomycin to treat methicillin-resistant

Staphylococcus epidermidis infections. Vancomycin is known on the market as Klosvan, Vancolon, and Ladervan.?®

Staphylococcus Aureus

Staphylococcus aureus belongs to the genus Staphylococcus within the Firmicutes, with a diameter of ~0.8 pm and arranged in
“grape-like clusters” under the microscope. It can thrive both aerobically and anaerobically and has an optimal growth
temperature of 37°C at a pH of 7.4. Colonies on blood agar plates are thick, shiny, and round with a diameter of 1-2 mm.*
S. aureus does not form spores or flagella, but it possesses a capsule, can produce a golden-yellow pigment, and ferments
mannitol.**

Staphylococcus aureus is a gram-positive bacterium that causes various clinical diseases. On healthy skin, S. aureus
typically does not cause infections. However, if the bacteria enter the bloodstream, they can lead to various infections,
such as skin and soft tissue infections (SSTIs), which are among the most common bacterial infections worldwide.
Common topical antibiotics used for the prevention and treatment of skin infections caused by this pathogen include
fusidic acid (FA) and mupirocin. These drugs have been employed as the first-line topical treatment for superficial SSTIs

(eg, impetigo) in many countries.>'

Streptococcus Pyogenes

Streptococcus pyogenes is a bacterium classified in the phylum Firmicutes and is categorized as a Gram-positive bacterium.
Also known as “group A streptococcus” (GAS), Streptococcus pyogenes is a pathogen that has infected 18.1 million people
worldwide, resulting in 500,000 deaths annually.®* S. pyogenes is a facultative anaerobe, thrives best in 5 to 10% carbon
dioxide, and forms colonies precisely on blood agar plates. The antigenic characteristics of protein M further divide GAS
strains into different serotypes, making it the primary surface protein found in the cell wall of S. pyogenes. More than 80
different serotypes have been identified based on protein.**

Streptococcus pyogenes is one of the bacteria causing skin and soft tissue infections (SSTIs). Furthermore, no other
pathogen causes such diverse clinical entities as S. pyogenes. Specifically, this organism induces infections in the
superficial keratin layer (impetigo), superficial epidermis (erysipelas), subcutaneous tissue (cellulitis), fascia (necrotizing
fasciitis), or muscles (myositis and myonecrosis). Topical therapy for infections caused by Streptococcus pyogenes can
be accomplished with mupirocin, where mupirocin is equivalent to oral systemic antimicrobial agents and can be used
when the number of lesions is limited.*”
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Hydrogel as Promising Topical Drug Delivery
Definition of Hydrogel

Hydrogel formulations in medicine are a pharmaceutical dosage form used to deliver drugs into the human or animal
body. Hydrogels are water-based materials with the capacity to retain a significant amount of water within their structure.
Medicinal hydrogel formulations typically consist of a three-dimensional network that absorbs and retains a substantial
amount of water or other fluids, such as drug solutions. The water-absorbing properties of hydrogels make them ideal for
various medical applications, including pharmaceutical product manufacturing.*®

Hydrogel formulations in medicine can take various forms, including transdermal gels applied to the skin, eyes, or ears, as
well as gels used for wound care or drug delivery through medical devices such as catheters or stents. Hydrogels can be
designed to release drugs slowly over a specific period of time, allowing for precise and consistent drug dosages. This can
enhance treatment efficiency and reduce side effects associated with fluctuations in drug levels in the bloodstream.>”

Hydrogel formulations have various applications, such as topical drug delivery (on the skin or eyes), wound healing,
or drug delivery through deeper body channels. Hydrogel formulations offer the ability to control drug release, enhance
drug penetration into target tissues, and improve patient comfort.®

Commonly Used Excipients

Excipients (also referred to as additives or auxiliary substances) commonly used in pharmaceutical hydrogel formulations
are substances that aid in forming, maintaining, and enhancing the quality of the hydrogel preparation. Common
excipients utilized in pharmaceutical hydrogel formulations are summarized in Table 1.

Preparation method

The production of hydrogel pharmaceutical formulations involves a series of steps designed to produce a stable hydrogel
suitable for specific medical or pharmaceutical applications. The process may vary depending on the materials used and
the desired hydrogel formulation. Figure 1 illustrates the common scheme in producing hydrogel formulations.**

Preparing and Weighing of Raw Materials
The first step involves measuring and preparing raw materials, including gelling agents, water, preservatives, pH
adjusters, consistency enhancers, and other excipients used in the hydrogel formulation.**

Mixing
Raw materials are mixed in specified quantities and order. Mixing is performed carefully to achieve homogeneity and
even distribution. This can be done manually or using equipment such as mixers or stirrers.**

Table | Excipients Commonly Used in Formulating Topical Hydrogel

Excipient Usage
Vehicle Hydrogels are essentially water-based matrices, and water is a primary component that forms the hydrogel structure.®”
Gelling Agents Gelling agents such as carbomers, gellan gum, agarose, or sodium carboxymethyl cellulose (NaCMC) are used to

provide the hydrogel with appropriate density and viscosity.*’

pH Adjusters Substances like sodium hydroxide or citric acid are employed to adjust the pH of the hydrogel to suit the

requirements of its medicinal application.*

Preservatives Certain hydrogel formulations require preservatives such as benzalkonium chloride or phenol to prevent the growth

of microorganismsA4I

Texture Modifiers Some excipients like propylene glycol or ethanol are used to regulate the texture and viscosity of the hydrogel.**

Consistency Enhancers Excipients like polyacrylic acid glycol are employed to enhance the cohesiveness of the hydrogel.*!

Colorants and Fragrances | In some cases, colorants or fragrances may be added for aesthetic purposes or patient compliance.43
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Figure | Scheme in manufacturing topical chitosan and alginate-based hydrogel dosage form. Created with Biorender.com.

Heating
The heating process may be required, depending on the formulation. Some hydrogels require gentle heating to assist in
the dissolution of gelling agents and form the gel as the hydrogel cools.**

pH Adjustment
If necessary, the solution’s pH is adjusted according to the drug application requirements. This can be done by adding
acid or base.**

Preservatives and Other Excipients Addition
Preservatives and other excipients, such as texture modifiers, drugs, or colorants and fragrances, are added to the mixture
according to the desired formulation.**

Gelation
The gelation process begins as the hydrogel starts to cool after mixing and may require gradual cooling or temperature
changes to achieve the desired consistency.**
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Filtration and Sterilization
The hydrogel can then be filtered to remove coarse particles and subsequently sterilized if intended for medical
applications.**

Filling and Packaging
Once the hydrogel is ready, it can be filled into appropriate containers or packaging, such as tubes, bottles, or sachets,
depending on the desired end product.**

It is important to note that the hydrogel manufacturing process can vary significantly depending on the type of drug to
be applied, such as transdermal hydrogel, eye hydrogel, or wound care hydrogel. Additionally, strict regulations and
standards must be followed in the production of hydrogel formulations to ensure drug quality, safety, and efficacy.

Characterization of Hydrogel Dosage Form

Important characteristics for the characterization of hydrogels include pH; scanning electron microscopy (SEM) to provide
information about sample composition, surface topography, and other properties; Fourier transform infrared spectroscopy,
or FTIR, to identify the chemical structure of a substance; swelling measurements; X-ray diffraction to understand whether
the polymer retains its crystalline structure; in-vitro drug release studies to comprehend the release mechanism during the
application period; rheology; spreading studies; in vivo skin irritation tests conducted on rabbits to examine for signs of
edema and erythema; and tissue pore size measured with tools such as electron microscopes, mercury porosimeters, and
others.*> Among the several hydrogel characteristics that were investigated, pH testing and in vitro release are two criteria
that might directly influence the antibacterial effectiveness of the administered antibiotic.***® The formulation’s pH
conditions are crucial to be adjusted to mimic the pH of the infected tissue or mucosa. Formulation pH conditions aligned
with the treatment site’s pH can support the drug release process towards bacterial colonies as the target of its action.*®
Subsequently, in vitro testing becomes a factor in confirming drug release into the release medium, in this case, the topical
infection site, beyond assuming pH values. From these tests, the precise values of the amount of drug that can be released

towards infectious bacteria and the duration of drug release can be accurately determined.*®”

Potency of Chitosan and Alginate as Natural Biodegradable
Polymers-Based Hydrogel
Alginate

Alginates are anionic polysaccharides, salts of alginic acid predominantly present in brown algae, constituting about 40% of their
dry matter.*’ The intercellular matrix contains alginate in the form of a gel, which includes ions like sodium, calcium, magnesium,
1.%° The ability of alginate to
form a gel or gelation varies based on molecular weight, molecular structure, and gelation agent concentration. Alginate gel can be

strontium, and barium. Therefore, the presence of multivalent cations makes alginate easily form a ge

formed through hydrogen bonding at low pH or through ionic interaction with mono- or polyvalent cations.”"

Alginate is widely used in the industry because it retains water, forms gel, acts as a thickener, and provides stability.
Moreover, alginate is known for its biocompatibility and immunogenicity, as well as its low toxicity.”* Alginate functions
as a thickening agent in food, a balance regulator, an emulsifier, and a thin oil-resistant film former.>* Alginate can form
films used in cosmetic and pharmaceutical applications, such as drug capsules and wound dressings. Alginate is also
developed in tissue engineering technology for the production of hydrogels, beads, and micro/nanoparticles (NPs), for
various applications such as wound healing, protein delivery, and cell encapsulation.”'* Alginate readily forms
hydrogels in the presence of cross-linking agents such as divalent cations. Therefore, alginate is essential not only for
the textile industry but also for pharmaceuticals, food, and cosmetic ingredients. Although not classified as an antibiotic,
alginate has high absorbency, antibacterial properties, and can accelerate wound healing. Therefore, alginate can be used
as a primary wound dressing and as a medium for topical drug delivery to infected wounds. Furthermore, alginate’s
origin from brown algae and its inclusion of active compounds like iodine with antibacterial properties make it suitable
for creating composite hydrogels with antibacterial properties.’

Alginate is one of the natural polymers frequently used in drug and protein delivery systemsAlginate exhibits
excellent biocompatibility and non-toxicity, and researchers can produce it using simple methods. Alginate hydrogels
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can function as delivery vectors for molecules precisely targeting tissues. The use of alginate can alter the physico-
chemical characteristics of drugs, enhancing their effectiveness and safety in drug delivery systems.”

Alginate is a linear polymer composed of d-mannuronic acid blocks linked by B(1—4) (M) and I-guluronic acid blocks
linked by a(1—4) (G). These blocks consist of consecutive G residues (GGGGGQG), consecutive M residues (MMMMMM),
and alternating G and M residues (GMGMGM). It is known that only G blocks of alginate participate in the formation of
cross-links between molecules with divalent cations (such as Ca®") during the hydrogel formation process.™

Chitosan

Chitosan is a product resulting from the partial deacetylation of chitin, possessing excellent antibacterial properties,
adhesive power, oxygen permeability, non-toxicity, and easy biodegradation, holding great potential for medical
applications, such as antibacterial medical dressings.’® The crucial aspect of chitosan-based hydrogels for use in medical
dressings is their host acceptance. Researchers have employed oxidized polysaccharides, like glucomannan, as envir-
onmentally friendly bio-crosslinkers. The researchers utilized the Schiff base reaction (reversible imine bond) to design
injectable self-healing hydrogels. The Schiff base reaction principle is the basis for designing the CS/OKGM hydrogel
dressing. The reaction oxidizes glucomannan to form oxidized konjac glucomannan (OKGM), which is then cross-linked
with CS to create a hydrogel through the Schiff base reaction. Due to the dynamic nature of the Schiff base bond, the
hydrogel demonstrates excellent self-healing and injectability capabilities.’”

Hydrogel films consist of several polymers used to entrap a-M and enhance the consistency and elasticity of the hydrogel
film. Chitosan and alginate are commonly used polymers, along with plasticizers like glycerin and propylene glycol. It has
been found that alginate mixed with chitosan can effectively form hydrogel films using o-M, but the physicochemical quality
still needs improvement. The safety and efficacy of RAS treatment also need evaluation. The self-healing and injectable
properties enable hydrogels to fill various wound shapes or cover skin surfaces that require monitoring. Ions generate electrical
conductivity, enabling the hydrogel to function as a sensor and paving the way for research on new multifunctional hydrogel
dressings that combine biomedical functions and sensing. The presence of reactive oxygen species (ROS) generated massively
around damaged tissues can cause damage to DNA and proteins, inhibiting tissue regeneration.>®

Among biopolymers, polysaccharides are the most prominent in health-related applications due to their broad
biological activities. They exist in various configurations: fibers, membranes, hydrogels, capsules, nanostructures,
micelles, etc. Common biopolymers in recent years include chitosan (CHT) and alginate (ALG), widely used for
wound healing and other skin issues.”® Combining biomacromolecules such as chitosan with sodium alginate for film
development also demonstrates attractive advantages as the characteristics of each film can be enhanced. Moreover, the
combination of CHT and ALG has proven to act as a membrane applied to cell regeneration and wound healing.>
Additionally, several studies suggest that combining various types of essential oils can enhance the properties of
hydrogels and membranes, particularly by improving their antimicrobial potential, making them appealing for skin
pathology treatment or food packaging.®

Alginate and Chitosan-Based Hydrogel Application for Topical Bacterial

Treatment

Table 2 summarizes the use of chitosan and alginate as the foundation for topical hydrogel formulations for antibacterial
purposes. The search results indicate that chitosan and alginate have extensive applications, encompassing diverse active
substances and various bacterial types. In addition, chitosan and alginate can be combined with other base mixtures, such
as gelatin, sodium carboxymethylcellulose (NaCMC), pectin, polyvinyl alcohol (PVA), sodium glycerophosphate, and
g-pluronic copolymer. The following is a more detailed discussion of the potential of alginate-chitosan as a hydrogel base
for topical antibacterial applications.

Alginate-Chitosan-Based Hydrogel
Alginate-chitosan hydrogel can apply to various active substances, including inorganic metals, chemical entities, and
extracts. Alginate-chitosan-based hydrogel successfully carries zinc oxide (ZnO) for inorganic metal-based active
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Table 2 Applicability of Chitosan and Alginate as a Base for Topical Hydrogel in Topical Bacterial Treatment

coli (E. coli), bacillus subtilis (B. subtilis)

Hydrogel Base Active Pharmacological Drug Bacteria Antibacterial Effectivity Reference
Ingredient Concentration

Alginate-Chitosan Berberine 125 pg/mL S. aureus | Colony forming unit of S. aureus (synergistic effect | [61]

through inhibiting Staphylococcus aureus (MRSA)
Carvacrol 4 /120 mL S. aureus and E. coli | Colony forming unit of E. coli [62]
Ciprofloxacin, amoxicillin and 5 mg/mL for S. aureus 1 Diameter of inhibitory zone [63]
vancomycin each drug
Curcumin-B-cyclodextrin complex 10% (wiw) E. coli and S. aureus | Colony forming unit of E. coli and S. aureus [64]
Hesperidin 10% (wiv) Staphylococcus aureus dan Pseudomonas | Colony forming unit of S. aureus and P. aeruginosa | [65]
aeruginosa
Hesperidin 10% (wiw) S. aureus and P. aeruginosa | Colony forming unit of S. aureus and P. aeruginosa [66]
Metronidazole 1% (wlv) S. aureus dan E. coli | Colony forming unit of S. aureus and E. coli [67]
Metronidazole 200 mg/100 mL | S. aureus and E. coli 1 Diameter of inhibitory zone [68]
Metronidazole 4% (Wlv) Staphylococcus aureus and Gardnerella vaginalis | | Colony forming unit of S. aureus dan G. vaginalis [69]
Nitric oxide 2% (wiw) S. aureus and E. coli | Colony forming unit of S. aureus dan E. coli [70]
Solanum nigrum L. leave extract 16.6 mg/mL Staphylococcus aureus, Pseudomonas | Colony forming unit and 1 wound closure rate [71]
aeruginosa and Bacillus subtilis
Tannic acid 10% (wiv) Escherichia coli and Staphylococcus aureus | Colony forming unit of S. aureus dan E. coli [72]
Tetracycline hydrochloride 0.1 g/10 mL Escherichia coli and Staphylococcus aureus 1 Diameter of inhibitory zone [73]
Tilmicosin | g/25 mL S. aureus 1 Diameter of inhibitory zone [74]
Tobramycin N/A Escherichia coli and Staphylococcus aureus | Colony forming unit of S. aureus dan E. coli [75]
Tobramycin 50 mg/4 mL S. aureus and E. coli Kill almost 95% S. aureus at concentration of 128 ng/ | [76]
mL and E. coli at concentration of 512 ng/mL

Vancomycin 0.1% (wlv) S. aureus | Colony forming unit of S. aureus [77]
Zinc oxide 0.1 mol/L Staphylococcus aureus (S. aureus), Escherichia 1 Diameter of inhibitory zone [78]
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wound closure rate

Alginate-Chitosan- Dopamine 0.2% (wiv) S. aureus and E. coli 1 Diameter of inhibitory zone [79]
Gelatin
Levofloxacin 2 mg/10 mL E. coli and S. aureus 1 Diameter of inhibitory zone [80]
Alginate-Chitosan- Human placenta extract 10% (v/v) S. aureus and E. coli | Colony forming unit of S. aureus dan E. coli, 1 [81]
Gelatin-NaCMC granulation thickness, T TGF-B1 expression and 1
wound closure rate
Alginate-Chitosan- Doxycycline 2% (wiw) Staphylococcus aureus | Colony forming unit of S. aureus. [82]
Pectin
Alginate-Chitosan- 5-fluorouracil 2% (wiv) E. coli and S. aureus 1 Diameter of inhibitory zone [83]
PVA
Calendula officinalis flower extract 20% (w/v) Acinetobacter baumannii, Staphylococcus 1 Diameter of inhibitory zone [84]
epidermidis, Proteus mirabilis, and
Staphylococcus aureus.
Alginate-Chitosan- Vancomycin hydrochloride 600 mg/mL S. aureus and E. coli | Colony forming unit of S. aureus and E. coli [85]
Sodium
Glycerophosphate
Chitosan-pluronic Nano-curcumin 15% (wiv) E.coli, S. typhimurium, P. aeruginosa, and 1 Diameter of inhibitory zone [86]
copolymer S. aureus
Chitosan-NaCMC Allantoin 0.5% (wlv) S. aureus and E. coli | Colony forming unit of S. aureus and E. coli and 1 [87]

Notes: findicates an increase in value of the parameter; | indicates a decrease in value of the parameter.
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substances. It can be applied to both secondary metabolites and synthetic chemical compounds.®® Researchers have also
found this base to be a relevant choice for developing the delivery of marketed active pharmaceutical ingredients, including
tetracycline, tobramycin, and vancomycin. One study demonstrates the applicability of alginate-chitosan-based hydrogel in
delivering the active ingredient extract, namely Solanum nigrum L. leaf extract. Interestingly, this dosage form is also
compatible for the delivery of modified compounds on a nanoscale, such as curcumin loaded in -cyclodextrin (curcumin-f3-
cyclodextrin complex).®**%%° The significant benefit of using alginate-chitosan-based hydrogel is evident from its testing as
an antibacterial agent. Researchers have tested this hydrogel’s effectiveness against various types of bacteria, including
S. aureus and P. aeruginosa. In addition, they have conducted tests on non-topical bacteria, such as E. coli and B. subtilis, as
well as topical fungi, such as G. vaginalis. Search results indicate that studies utilizing alginate-chitosan-based hydrogels
can provide a good antibacterial effect. The larger inhibition zone parameters and decreased bacterial colony counts reflect
the good antibacterial effect of studies utilizing alginate-chitosan-based hydrogel.

Multiple studies have demonstrated that there are slight differences in the preparation techniques of hydrogels with
a combination of chitosan and alginate. In the case of modified chitosan (carboxymethyl cellulose chitosan), polymer
preparation is carried out simply using distilled water.®'**> On the other hand, for the base form of chitosan, dissolution is
assisted using a dilute solution of acetic acid.®>** Nevertheless, there is no significant difference between the use of these
two polymer types, both in terms of physical characteristics and the performance of antibacterial agent delivery activities.
The overall study indicates that loading antibacterial agents into this hydrogel results in a sustained drug release
effect.”*”® For instance, the release of hesperidin as the active substance in the hydrogel experiences a gradual release
over 14 days, reaching a release of 77.03 + 8.71%.°® This indicates conformity with various findings suggesting that
hydrogels can serve as long-term drug mediators suitable for treating chronic pathological conditions, such as infections,
as illustrated in Figure 2.
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Figure 2 Mechanism of action of chitosan and alginate-based hydrogel in delivering antibacterial agents for ameliorating topical bacterial infection. Created with Biorender.
com.
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Alginate-Chitosan Combined with Other Polymers

Generally, the addition of other polymers to the hydrogel base aims to enhance or improve the characteristics of the
formulated hydrogel. Gelatin, a derivative of natural proteins, has been used for medical hydrogel synthesis due to its
non-immunogenicity. Moreover, gelatin is widely used both as a single base and in combination because of its capacity to
enhance cell adhesion and its excellent biocompatibility.”' The addition of PVA to the base mixture can form a stronger
and relatively rigid hydrogel through physical crosslinking processes.”? Hydrogels containing NaCMC have significant
potential to meet the requirements of effective wound care dressings, especially when mixed with natural
antimicrobials.”” The addition of pectin-cellulose can provide a more stable hydrogel with good biocompatibility and
haemostatic ability.”® Additionally, the use of other decorative polymers such as sodium glycerophosphate and Pluronic
acid is generally employed to obtain pH or temperature-sensitive release characteristics.”*°> Significant differences in the
impact of incorporating additional polymer materials are evident in the drug release profile.”® The use of pluronic
copolymer induces a burst effect in the initial release period, reaching 30—40% on the first day.*® Nevertheless, sustained
release continues post the burst effect, extending up to day 21. This presents a distinct advantage, especially in conditions
of high infection levels, where maintaining a high drug concentration in the initial stages is crucial.

Challenges and Limitations

Although chitosan and alginate exhibit excellent potential as the foundation for hydrogel fabrication, they still present
certain limitations. Based on the results discussed in this review, despite chitosan and alginate having relatively low
toxicity profiles, there is a lack of direct clinical trials conducted on humans. Consequently, the assurance of safety
regarding the use of chitosan and alginate needs further exploration so that advanced-stage testing can prevent
undesirable side effects. Additionally, the use of natural polymers like chitosan generally allows dissolution at low
pH, while becoming insoluble at high pH values.”” This poses a challenge as the impact of these materials on the pH
changes in hydrogel manufacturing processes must be considered. Inappropriate pH conditions can lead to incompat-
ibility with the polymer base, resulting in suboptimal formation of the hydrogel formulation.

Future Perspective

Hydrogels have become a recent favorite in the field of topical drug delivery, particularly for the delivery of antibacterial
drugs that are generally chronic in nature. Hydrogels offer relevant benefits, primarily due to their excellent adhesive
properties, allowing them to adhere for a considerable duration. Chitosan and alginate, as hydrogel bases, exhibit
characteristics suitable for topical applications. As natural polymers, they also have the advantage of relatively low
toxicity. Although their potential for delivering antibacterial drugs is evident, researchers have only tested their topical
use against bacteria such as S. aureus and P. aeruginosa. Considering their positive impact on specific bacteria, it is
plausible that this drug delivery system may show similar efficacy against other bacterial strains. Therefore, researchers
need to conduct further studies to determine the potential of the alginate-chitosan-based hydrogel in combating other
bacteria that cause skin infections, such as P. acnes, Corynebacterium, S. epidermidis, and S. pyogenes. Furthermore, the
positive impact extends beyond the combination of alginate and chitosan alone; exploring the potential of combining
other polymers is also crucial. In addition to NaCMC, gelatin, pectin, and PVA, more polymers that support the
properties of alginate-chitosan-based hydrogels need to be studied in order to find the best hydrogel formulation. As
a recommendation, it is strongly advised to carry out clinical validation to assess the antibacterial effectiveness and safety
of hydrogels constructed from chitosan and alginate. This ensures that the products derived from these hydrogels not only
possess evidential support but can also be widely utilized by the general public in the market.

Conclusion

As natural polymers, chitosan and alginate exhibit considerable potential as bases for hydrogel formulations. Hydrogel
formulations based on chitosan and alginate can be obtained through a simple technique, namely the gelation process. As
bases for topical hydrogels, chitosan and alginate are compatible with a wide range of active substances, including
isolated compounds, synthetic compounds, and natural extracts. Furthermore, the use of chitosan and alginate can be
further combined with other polymers to form hydrogels with specific criteria, such as PVA, NaCMC, gelatin, pectin,
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pluronic copolymer, and sodium glycerophosphate. The utilization of chitosan-alginate hydrogels can extend the release

duration of antibacterial agents and has demonstrated effectiveness in reducing bacterial colony counts and inhibiting

growth zones in plate disc tests.
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