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Abstract: It is acknowledged that the presence of antioxidants boosts the wound-healing process.
Many biopolymers have been explored over the years for their antioxidant potential in wound healing,
but limited research has been performed on gum structures and their derivatives. This review aims
to evaluate whether the antioxidant properties of gellan and guar gums and wound healing co-
exist. PubMed was the primary platform used to explore published reports on the antioxidant
wound-healing interconnection, wound dressings based on gellan and guar gum, as well as the latest
review papers on guar gum. The literature search disclosed that some wound-healing supports
based on gellan gum hold considerable antioxidant properties, as evident from the results obtained
using different antioxidant assays. It has emerged that the antioxidant properties of guar gum are
overlooked in the wound-healing field, in most cases, even if this feature improves the healing
outcome. This review paper is the first that examines guar gum vehicles throughout the wound-
healing process. Further research is needed to design and evaluate customized wound dressings that
can scavenge excess reactive oxygen species, especially in clinical practice.

Keywords: antioxidant activity; gellan gum; guar gum; DPPH assay; wound healing

1. Introduction

The wound-healing dynamic process, measurement of antioxidant properties in plant-
derived complexes, and customized wound dressing design have historically been the
focus of interest for many scientists, mainly in separate stages, but limited as a flow. It is
well known that any error in the epithelization process results in abnormal wound healing
that generates cascading side effects, such as physical and mental health degeneration of the
patient, financial burdens for health systems, etc. [1]. Therefore, when thinking about the
complexities of ideal treatment in all types of wounds, researchers have focused lately on
exploring the potential of nature’s intelligence to create biomimetic ingredients [2]. For this
reason, in the last decades, the desired properties of a good wound-healing agent follow the
biomaterial intrinsic features that induce keratinocyte proliferation and differentiation [3];
stimulate fibroblast proliferation and collagen formation; and exhibit antimicrobial, antiox-
idant and anti-inflammatory benefits [4]. In most cases, the biomimetic dressing should
exhibit at least two or more of the above assets.

Antioxidant activity, the most commonly used term for the capacity to inhibit all
molecules with high redox potential, has been intensively studied in the last decade since it
tackles the role of oxidative stress in numerous diseases [5]. In 2010, Hajhashemi et al. [6]
evaluated the position of antioxidants in disease prevention based on controversial basic
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research and clinical studies that suggest their potential to prevent oxidative damage. The
collected data recognises the free radicals and radical-derived reactive oxygen species (ROS)
in moderate concentration as regulatory mediators in signalling processes, but vitamins
E, C, and beta-carotene do not have the expected effect. Only selenium is suggested to
reduce cancer incidence, but further research is needed for a valid outcome [7]. In 2020,
Sharifi-Rad et al. [8] introduced a balanced lifestyle and nutrition as controlling factors of
oxidative stress in various diseases. The authors highlight the need for large randomised
trials on the benefits or risks of antioxidant plant-derived bioactive molecules during
treatment for cardiovascular disease, cancer, diabetes, and neurodegenerative disorders.
More recently, Rudrapal et al. [9] focused on phenolic acids, flavonoids, tannins, catechins,
lignans, anthocyanidins, and stilbenes and their role in oxidative stress-induced human
diseases. The antioxidant capacity of the polyphenols reported in plants and foods fights
against oxidative stress-induced disorders, mostly on the in vitro level for the prevention
of cardiovascular and neurodegenerative diseases, diabetes, cancer, inflammation-related
diseases, and infections. However, further pre-clinical and clinical investigations are still
needed after years of search. Overall, it is essential that antioxidant activity is studied in
the future to better understand and manage various diseases.

Bearing in mind these experiences, this work proposes the evaluation of antioxidant
activity in natural compounds, namely gellan and guar gum related to their wound-healing
potential. It is important to mention that this is the first review paper that evaluates guar
gum as a wound dressing.

2. Methods

A literature search was conducted in several databases (PubMed.gov, Science Direct,
Web of Science, ResearchGate, Scopus) using the following keywords: [gellan/guar gum
and wound healing], [gellan/guar and wound healing]; [gellan/guar gum and antioxidant
activity and wound healing], [gellan/guar and antioxidant activity], [galactomannan,
gellan/guar gum, wound healing]. The selection criteria for the included studies are the
following: issued in English, relevant studies and data regarding wound healing activity of
the guar and gellan gums (see Figure 1). For gellan gum, the authors included the relevant
papers based on the above-mentioned keywords from the period 2014–2023, and guar gum
for all times.
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After the manual examination of the articles, those suitable for the subject of the
review were selected. Additionally, the reference lists of the included papers were carefully
searched for any additional noteworthy material.

3. Antioxidant Activity Future in Wound Healing

Wound healing is a dynamic phenomenon involving a synchronized sequence of well-
orchestrated biochemical and cellular activities to achieve tissue regeneration [10]. This pro-
cess of growth and regeneration of damaged tissue can be divided into four differentiated,
though overlapping stages: hemostasis, inflammation, proliferation (neo-angiogenesis,
granulation, re-epithelialization), and extracellular matrix remodelling [11]. In brief, the
blood coagulation phase points to the formation of platelets and fibrin, shadowed by the
inflammatory response due to the recruitment of neutrophils and monocytes, the release
of growth factors and cytokines, and lymphocyte infiltration that provides protection
against bacteria. Overlapped with the inflammatory phase, the proliferation boosts the
re-epithelialization, the deposition of the extracellular matrix, new blood vessels, collagen,
and fibroblasts. The establishment of tissue granulation and the tissue-remodelling phase
restores the epidermal barrier by keratinocytes migration, proliferation, and differentia-
tion [2]. However, in all these chronologically overlapping phases, an essential component
of wound nutrition is oxygen (O2), vital for tissue renewal and wound infection reduction,
as described by Thomas Hunt, a pioneer in the field of oxygen and wound healing [12]. A
new paradigm was described in his search for the mechanisms by which O2 and wound
healing are linked. Namely, the wound area cells are tailored with a specialized enzyme
that converts O2 to ROS [13].

Radical derivatives of O2, acknowledged as ROS with their family, both free radical
and non-free radical molecules, such as superoxide anion-O2

−, peroxide-O2
−2, hydrogen

peroxide H2O2, hydroxyl radicals -OH, and hydroxyl OH− ions, perform as messengers in
the wound-healing response, since a number of cells utilize these radicals, starting from
hemostasis and continuing up to tissue repair [14].

As described by Dunnil et al. [15], the functional role of ROS is briefly mentioned here:
early ROS mediates hemostasis tailing platelet exposure to the extracellular matrix (ECM),
signals rapid migration of neutrophils towards wound site, stunts bacterial growth through
H2O2 release, further signals the monocytes infiltration, and finally promotes endothelial
cell division, angiogenesis, and the formation of fibroblasts and collagen.

The level of ROS involved in the repair process mediates the response from normal
cell functioning at the basal level, continuing up to cell death and cellular necrosis in
excessive ROS induction, leading to impaired healing [16]. The increased ROS level is
mainly attributed to the reactive nitrogen, iron, copper, and sulfur species that induce
oxidative stress and impair the redox balance [17]. In the context of an imbalance between
the production and destruction of ROS (excessive level), defined as oxidative stress, the
antioxidant-specific proteins kick in and donate their own electrons, consequently avoiding
capturing electrons from DNA, proteins, and lipids. In 2008, Rodriguez et al. [18] validated
the hypothesis that the final outcome in wound healing depends on the balance between
low stimulating effects and high levels of ROS, which are translated into cellular damage
and impaired wound repair. Therefore, an effective wound-healing strategy also involves
antioxidant activity management.

However, how is the antioxidant activity determined? Many attempts were evaluated
over the years to generate a universal measure of antioxidant activity, and currently, the
best choice of antioxidant assay is a controversial challenge.

The review of Munteanu and Apetrei [19] from 2021 and the review paper of
Christodoulou et al. in 2022 [20] present the most important tests used to determine
the antioxidant activity, along with the detection mechanism, applicability, advantages,
and disadvantages. The most used procedures to quantify the antioxidant activity were
classified into distinct categories, namely, spectrometry (UV-VIS, fluorescence, chemilumi-
nescence), electrochemical assays (voltammetry, amperometry, and biamperometry), liquid
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and gas chromatography, antibody, and electrophoretic techniques [21,22]. Spectrophoto-
metric methods characterized by sensitivity, reproducibility, rapidity, reliability, simplicity,
and low cost [20], determine the total antioxidant activity (TAC) and total phenolic content
(TPC) as follows:

- A [2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl] (DPPH) test measures the antioxidant
reaction with free organic radicals, founded on the neutralisation of the DPPH radical
due to donated electrons from the antioxidants, with colour change at 517 nm from
purple to yellow; the DPPH radical scavenging activity is often expressed using the
following equation [23]:

DPPH radical scavenging activity(%) =
Acontrol −Asample

Acontrol
× 100 (1)

where Acontrol and Asample are absorbance values of a control mixture without an-
tioxidant and a mixture containing antioxidant, respectively. The EC50 (the efficient
concentration of the antioxidant necessary to reduce the initial DPPH concentration by
50%) and TEC50 (the necessary time to reach the equilibrium state with EC50) values
are also used to measure the antioxidant activity of the DPPH scavenging method.

- A Folin–Ciocalteu assay is based on the reductive capacity of antioxidants to deter-
mine the TPC in an alkaline state; the Folin–Ciocalteu reagent contains a mixture of
phosphomolybdate and phosphotungstate that are reduced to generate a blue colour
chromophore when it reacts with phenols with the maximum absorption at 765 nm.
This single electron transfer reaction-based method uses gallic acid, catechin, caffeic
acid, chlorogenic acid, or ferulic acid as reference standards, and the TPC values are
usually given, for example, as gallic acid equivalents (GAE) [24].

- A cupric reducing antioxidant power (CUPRAC) test measures the TAC of the re-
duction of Cu (II) light blue to Cu (I) yellow-orange by antioxidants at 450 nm; the
CUPRAC activity is expressed either as % inhibition or the equivalent of Trolox, gallic
acid, ascorbic acid, quercetin, or α-tocopherol, used as standard compounds [25].

- A ferric reducing antioxidant power (FRAP) test measures the antioxidant potential
through the reduction of the colourless complex of ferric ions (Fe (III)) to the intensely
blue ferrous complex (Fe (II)) with tripyridyltriazine or potassium ferricyanide by
antioxidants at 593 nm in acid environments; the activity is expressed as micromolar
equivalents of ferrous ions or in relation to a standard antioxidant [26].

- A 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) test measures the
relative ability of antioxidants to neutralise the blue-green ABTS stable radical cation
generated in the aqueous phase, and quantified at 734 nm; the antioxidant activity is
dependent on the degree of discolouration of the blue-green colour [22].

- Thiobarbituric acid reactive substance (TBARS) procedures are centered on the reac-
tivity of malondialdehyde (MDA) with TBA to produce a red colour quantified at
535 nm; the technique first complexes ethylenediaminetetraacetic acid (EDTA) with
Fe (II), then interacts with hydrogen peroxide to produce HO• radical, which reacts
in the presence of ascorbic acid with the deoxyribose sugar to produce by-products.
At low pH values, the mixture forms MDA in combination with TBA, followed by
MDA-TBA chromogen. The scavenging activity is measured based on the inhibition
of deoxyribose degradation [27].

- A ferrous oxidation xylenol (FOX) test measures the levels of hydrogen peroxide in
biological systems by the oxidation of Fe (II) to Fe (III), which is then reacted with
xylenol orange (XO) to generate a ferric-XO complex, quantified at 560 nm with a
blue-purple colour [28].

- A ferric thiocyanate (FTC) assay also measures the levels of hydrogen peroxide as the
ferric ion is converted by an oxidant from a ferrous ion, similar to FOX, but in this
case, the ferrous ions are monitored by the thiocyanate complex, quantified at 500 nm
with a blood-red colour; the test identifies and quantifies the total phenolic content,
lipid oxidation, and flavonoids using mainly gallic acid as a standard [29].
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- A β-carotene bleaching assay quantifies pro-oxidants and antioxidant species by
measuring the levels of peroxyl radicals that combine with β-carotene to form a stable
carotene radical, thus reducing the concentration of β-carotene in a testing solution; if
an antioxidant is present in the solution, β-carotene competes for the formation of the
carotene radical, followed by the decolourization of the orange-yellow or dark-yellow
carotene solution verified at 440 nm [30].

- Superoxide radical scavenging and nitric oxide radical scavenging assays determine
both the total oxidant scavenging capacity of antioxidants. First, one measures the
bright blue colour of formazan at 560–562 nm produced by nitroblue tetrazolium (NBT)
light-yellow salt after it is reduced by oxygen as the tetrazole ring is broken, triggering
dismutation. In the second test, nitric oxide radicals are determined by aqueous
sodium nitroprusside (SNP) solution, react with oxygen to form nitrite ions, and with
sulfanilic acid for diazonium ion, then are linked with N-(1-naphthyl) ethylenediamine
(NED) to produce a red azo dye [31].

- The oxygen radical absorption capacity (ORAC) and the hydroxyl radical antioxidant
capacity (HORAC) assays rely on the antioxidant reaction with peroxyl radicals
induced by 2,2′-azobis-2-amidino-propane (AAPH) and quench OH radicals generated
by a Co (II)-based Fenton-like system [32].

- Hydrogen peroxide scavenging and peroxynitrite scavenging activity assays establish
the total oxidant scavenging capacity of antioxidants in fluorescence, using horseradish
peroxidase (HRP) enzyme and scopoletin or dihydrorhodamine to measure the fluo-
rescence intensity or inhibition [33].

- The total peroxyl radical trapping antioxidant parameter (TRAP) calculates the antiox-
idant capacity to scavenge luminol-derived radicals, generated from AAPH decompo-
sition in chemiluminescence [34].

- A catalase assay (CAT) demonstrates the presence of catalase, an enzyme that disso-
ciates hydrogen peroxide into molecular oxygen and water; the catalase activity is
calculated based on the rate of decomposition of hydrogen peroxide, proportional to
the reduction in the absorbance at 240 nm [35].

- Glutathione peroxidase (GSH-Px) catalyses the reduction of hydrogen peroxides with
the aid of GSH to produce alcohol, oxidized glutathione, and water; the absorbance
level measured by UV-VIS at 340 nm is directly proportional to the GPx activity in the
sample [36].

- Superoxide dismutase (SOD) converts the superoxide anion to H2O2, which is a
substrate for CAT and GSH-Px; the SOD activity is determined as the inhibition or
reduction of water-soluble formazan dye at 450 nm, for the detection of superoxide
radicals generated by xanthine oxidase and hypoxanthine [37].

- A GSH content assay involves oxidation of GSH by the sulfhydryl reagent 5,5′-dithio-
bis (2-nitrobenzoic acid) to form the yellow derivative 5′-thio-2-nitrobenzoic acid,
measurable at 412 nm [38].

As observed, these chemical and enzymatic tests used to determine the antioxidant
capacity are indeed handy, relatively rapid, reproducible, and partially automated, devel-
oped primarily to screen and assess new antioxidant compounds, materials, or the extracts’
products and by-products, but the selection of appropriate assays depends on the type
of tested antioxidants, either hydrophilic or hydrophobic, solvent solubility, working pH,
temperature, absorbance interferences triggers, specificity of the substrate, and instability
of the compound. In this context, there is an imperative need to select the applicable assay
or a combination of assays in each case for each type of antioxidant potential support.

In the following section, this paper focuses on the wound-healing potential of two
types of gums, one intensively used in the field, namely, gellan gum, and guar gum, which
is a novice in it, along with the antioxidant activity located in the preliminary phase.
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4. Gums

Biopolymers such as cellulose, chitosan, collagen, gelatin, and gums (gellan gum,
xanthan gum, dextran, etc.) were considered to be a matter of interest in regenerative
medicine in the past years, being the essential component materials used in the treatment
of wounds [2]. Currently, these natural polymers are still being explored worldwide due
to their interesting properties which include non-toxicity, biocompatibility, simulation of
the original extracellular matrix (ECM), non-immunogenicity, natural abundance, low cost
processing, and the presence of desirable functionalities [39].

Natural gums, the most abundant industrial raw materials, are polysaccharides com-
prising glucose, galactose, mannose, arabinose, rhamnose, xylose, and uronic acid sugar
units produced by plants. Similar to biopolymer features, gums are preferred over compa-
rable synthetic materials, mainly due to their multi-functionality, non-toxicity, biocompati-
bility, biodegradability, hydrophilicity, surface flexibility, low cost, and availability [40].

Gums are obtained from various sources, such as microorganisms by fermentation,
marine algae by in vitro enzymatic process, and plants and animals by extraction in large
amounts [41]. The major gums synthesized from microbes are glycan, pullulan, dex-
tran, xanthan, and gellan. Those with marine origin are alginate, agar, and carrageenan.
Those from animals (chitin, chitosan, hyaluronic acid, and chondroitin sulphate) and from
plants are seed gums (locust bean, guar, cellulose and amylase), tree exudates (gum ara-
bica, tragacanth, gum ghatti, karaya), tubers (starch), and extracts (pectin, larch gum,
roots) [42,43].

Figure 2 presents the key properties of gellan and guar gums surveyed in the
following sections.
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4.1. Gellan Gum and Its Derivatives

Gellan gum is a linear, negatively charged, high molecular weight exopolysaccharide,
consisting of four saccharide-repeating units of two β-D-glucose, one β-D-glucuronate,
and one α-L-rhamnose, meaning 60% of glucose, 20% of rhamnose, and 20% of glucoro-
nate [44]. It is obtained by bacterial exopolysaccharide fermentation from Pseudomonas elodea,
Sphingomonas elodea or Sphingomonas paucimobilis, followed by neutratisation using KOH or
NaOH, filtration to obtain deacetylated gellan, followed by precipitation with isopropanol,
washing with acetone and ether, dissolution in water, dialysis, and finally, drying at 55◦

or lyophilization.
The main property of gellan gum is the ability to produce steady and translucent

gels, stability in acidic pH, property dependent on the pH, temperature, type of cations in
solution, and polymer concentration. At low temperatures, gellan molecules arrange in
well-organized double helices, and when heated the polymer resembles a roughly coiled
shape, a property known as thermally reversible gelation. Other characteristics include
malleability and versatile texture that allow adjustable gel elasticity, biocompatibility,
biodegradability, non-toxicity, high efficiency, mucoadhesive features, and outstanding
thermal and acid stability [45]. Subsequently, this polysaccharide has attracted great
attention in a variety of fields, including biotechnology, cosmetics, food, and of course
from a biomedical standpoint. In wound dressing design, gellan gum uses most of the
above parameters suitable to promote the proliferation of cell growth, biocompatibility
with human skin fibroblast cells, and resistance to enzymatic action [46].

As already mentioned, gellan gum has been intensively employed in the wound
dressing scaffold design in different forms [47]; therefore, numerous publications are
available in specialised databases. For example, in the electronic platform PubMed, the
search for gellan gum that has been scientifically demonstrated to have wound healing
activity returned 45 publications, from which 6 reviews were published from 2018 and
2023, with only 1 specific to wounds, to the best of our knowledge. The review paper of
Feketshane et al. [46] focuses on the unique physicochemical and biological features of
wound dressing scaffolds prepared from gellan gum. The authors point out the advantages
of gellan gum-based wound dressings and the encountered limitations in the available
studies. Among these restraints, it is important to mention the need for more preclinical
research studies, the design of various formulas of wound dressings based on gellan gum,
such as bandages, patches, foams, loaded or not with therapeutic agents in order to reach
clinical application for wound treatment [46].

Table 1 describes gellan gum-based wound dressings developed in the period
2014–2023 that have shown promising results, based on the formulation type and ob-
taining method, encapsulated ingredients, performed assays, and the antioxidant capacity
related to the rate of wound closure.
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Table 1. Gellan gum-based vehicles with potential use as wound dressings.

Formulation Type Co-Products Active Ingredient/Drug Obtaining Method Studies In Vitro/In Vivo Properties References

Spongy-like hydrogel

Hyaluronic acid/Ca2+ Human dermal/epidermal
cell fractions Ionic cross-linking In vivo mice wound healing

Accelerated rate of wound closure,
re-epithelization, and

tissue neovascularization
[48]

Calcium chloride (CaCl2) Eumelanin Ionic cross-linking
Oxi-Select in vitro ROS and reactive
nitrogen species (RNS) assay, MTS
assay, in vivo host reaction in mice

Sustained release of eumelanin and
antioxidant property [49]

Hydrogel

Chitosan/PEG Apigenin Covalent cross-linking

In vivo rat diabetic wound healing,
collagen content, protein level and
granuloma weight measurement,

biochemical parameters, SOD, GSH,
and catalase for antioxidant levels

Biocompatibility, biodegradability,
entrapment and sustained release of

apigenin, moist nature, enhanced
rate of wound contraction and

reduced healing time,
antioxidant effectiveness

[50]

Carboxymethyl chitosan

Bovine serum albumin
(BSA)/tetracycline

hydrochloride/
silver sulfadiazine

Schiff-base cross-linking In vitro antibacterial activity Sustained release of drugs and
strong antibacterial activity [51]

Fucoidan/alginate
gum/carboxymethyl cellulose Chlorin-e6 Chemical cross-linking

In vitro cytotoxicity (MTT and LDH)
and cell proliferation assay (BrdU),
determination of ROS production

(DPPH assay), evaluation of singlet
oxygen (DPBF assay), in vitro
wound healing (scratch assay),

in vivo mice wound healing

Excellent biocompatibility,
antioxidant property, and

accelerated rate of wound closure
[52]

4 arm-PEG-
Vinylsulfone/polydopamine Ciprofloxacin Michael addition

In vitro cytotoxicity (MTS) and
live/dead assay, in vitro

antimicrobial activity
Antimicrobial activity [53]

Sodium alginate/CaCl2 Nisin Ionic cross-linking
In vitro cytotoxicity (alamarBlue)

and live/dead staining assay,
in vitro antimicrobial activity

Cytocompatibility and
antimicrobial activity [54]

Methacrylate anhydride - Thiol-ene photoclick chemistry

In vitro live/dead assay,
immunocytochemistry analysis

(α-SMA and focal
adhesion staining)

Suitable for controlling scar
tissue formation [55]

Propylene glycol/CaCl2
Ofloxacin/lavender oil/tea

tree oil
Solvent casting

ionotropic gelation

In vitro antibacterial activity, DPPH
radical scavenging assay, in vivo rat

wound healing

Potent antibacterial activity,
accelerated rate of wound closure,

and re-epithelization
[56]

Polyacrylamide/Mg2+ - Free radical polymerization
In vitro cytotoxicity assay (MTT),

Western blot assays, in vivo rat burn
wound model

Good biocompatibility and
accelerated rate of wound healing [57]
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Table 1. Cont.

Formulation Type Co-Products Active Ingredient/Drug Obtaining Method Studies In Vitro/In Vivo Properties References

Hydrogel

Sodium
alginate/Ca2+/polydopamine Doxorubicin 3D printing

In vitro cytotoxicity (MTT) and
live/dead staining assay, in vivo

mice wound healing

Good cytocompatibility and
promoted wound healing

following surgery
[58]

Ca2+ Human-derived bone
mesenchymal stem cell

Ionic crosslinking and
guest-host interaction

In vitro cytotoxicity (MTT) and
live/dead staining assay, in vitro
wound healing (scratch assay),

ELISA assay (IGF-1, HGF, TGF-β1,
and VEGF)

Enhanced cell growth and
promising candidate for
regenerative medicine

[59]

PEG/polydopamine Colistin Electrostatic
interaction

In vitro antioxidant activity (DPPH
and ABTS•+ radical scavenging

assay), in vitro cytotoxicity (MTS),
and live/dead staining assay,
in vitro antibacterial activity

Excellent cytocompatibility and
antioxidant activity [60]

Sericin/halloysite/polydopamine - Co-blending

In vitro antibacterial activity,
cytotoxicity (CCK-8), and live/dead

staining assay, in vivo
bacteria-infected wound healing

in rat

Rapid hemostasis and promoted
infected wound repair [61]

Nanohydrogel Cholesterol Baicalin Self-assembly In vivo mice anti-inflammatory and
skin repair tests

Effective delivery system for the
prevention and treatment of

inflamed and/or damaged skin
[62]

Film

CaCl2/titanium dioxide (TiO2) - Evaporative casting
In vitro antibacterial activity and

wound healing, in vivo rat
wound healing

Enhanced antibacterial properties,
cell viability and cell proliferation,
accelerated rate of wound healing

[63]

TiO2 - Evaporative casting
In vitro antibacterial activity and

cytotoxicity assay (MTT), in vivo rat
wound healing

Antibacterial
activity, good biocompatibility, and
accelerated rate of wound closure

[64]

Chitosan/N,N,N-trimethyl
chitosan/iota-carrageenan Tanfloc Solvent evaporation

Bactericidal and anti-adhesive
assays, in vitro cytotoxicity assay

(alamarBlue)

Antimicrobial and cytocompatibility
properties [65]

Zinc oxide/carbon nanotubes - Solvent casting In vitro antibacterial activity, in vivo
rat wound healing

Good antibacterial activity,
promoted complete wound healing [66]

Membrane
Bacterial cellu-

lose/xyloglucan/lysozyme/mesenchymal
stem cell

- Dry-cast process

In vitro cytotoxicity assay (MTT),
in vivo rat burn wound healing,

immunocytochemistry assays (BrdU
and DAPI)

Reduced acute/chronic
inflammatory infiltrates, accelerated

rate of wound healing,
and re-epithelization

[67]

Full-IPN hydrogel
Type-1 collagen/magnesium

chloride (MgCl2)/adipose-derived
mesenchymal stem cell

- Ionic cross-linking

In vitro cytotoxicity assay (MTS)
and wound healing (scratch assay),
in vivo murine burn wound model,

ELISA assay (human TSG-6)

Enhanced early wound closure,
reducing inflammation, and

promoting complete
skin regeneration

[68]

Fiber ε-poly-L-lysine/glucose/soybean
peptide/fish collagen peptide - Wet spinning

In vitro antibacterial activity and
cytotoxicity (MTT),

In vivo rat wound healing

Good cytocompatibility and
antibacterial activity, effectively

promoted wound healing
[69]
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Apigenin-loaded gellan gum–chitosan hydrogels designed by Shukla et al. [50] by
covalent cross-linking were evaluated for their antioxidant potential in granuloma tissues,
collected from a full thickness wound. The antioxidant level was calculated using catalase,
SOD assay, and GSH level by measuring the supernatant absorbance at 412 nm using a
UV spectrophotometer (see protocols in Figure 3). According to the obtained results, the
hydrogels exhibit antioxidant activity in the granuloma tissues during the wound-healing
process on the ninth day in diabetic wounds. The significant improvement in the SOD,
GSH, and CAT levels protects the cell membrane against oxidative damage by controlling
free radical production.
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(accessed on 1 August 2023)).

The antioxidant features and the radical scavenger potential of Eumelanin incor-
porated into gellan gum spongy-like hydrogels prepared by ionic cross-linking were
confirmed by the reduced amount of ROS/RNS, as determined by OxiSelect™ in vitro
ROS/RNS assay [49] (protocol in Figure 3). This commercially available kit measures
the total free radical presence of a sample based on the reaction of ROS and RNS species
with 2′, 7′-dichlorodihydrofluorescein diacetate (DCFH). This was the first study on gellan
gum-melanin spongy-like hydrogels applied in a skin wound healing model.

BioRender.com
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DPPH scavenging assay, as described in Figure 3, analysed the antioxidant activity of
carboxymethyl cellulose nanofibril-loaded fucoidan/alginate-based gellan gum hydrogel and
co-encapsulated ofloxacin, tea tree or lavender oil in gellan gum-based hydrogel films both
tested for the treatment of full-thickness wounds. The fucoidan/alginates/carboxymethyl
cellulose hydrogel promotes healing since it induces a higher rate of apoptosis by stimulat-
ing ROS generation. The treatment with laser-irradiated hydrogel reduced inflammation,
induced cell proliferation and differentiation, and increased apoptosis, boosting the wound-
healing process [52].

The transparent and flexible gellan gum hydrogel films loaded with essential oil and
prepared by the solvent casting ionotropic gelation method displayed slightly similar
antioxidant activity, as determined by DPPH assay with pure oils, meaning that oils retain
their antioxidant activity after incorporation into the polymeric matrix. The findings in
this paper demonstrate that hydrogel films promote cellular growth and proliferation in
wound treatment [56].

Recently, the single-type antioxidant assay was updated with a combination of tests,
in the name of DPPH and ABTS radical scavenging assay that showed a similar trend,
dose-dependent antioxidant capacity, in fact, as the concentration increases, the ability to
eliminate radicals increases when testing dopamine and PEG functionalized gellan gum
injectable hydrogel [60].

Figure 3 displays the used protocols for antioxidant activity determination for gellan
and guar gums according to Tables 1 and 2.

4.2. Guar Gum and Its Derivatives

In recent years, the interest in guar gum hydrophilic polysaccharide has gained consider-
able attention in many fields, as a binder, disintegrant, suspending, thickening, and stabilizing
agent. Guar gum is derived from guar bean seeds of the plant Cyamopsis tetragonoloba, culti-
vated mainly in India and Pakistan and also in the Southern Hemisphere in semi-arid zones
in Brazil, South Africa, Australia, Texas, and Arizona. It is known as galactomannan, since
it contains nearly 80% galactomannan, along with 12% water, 5% protein, 2% insoluble ash,
0.7% ash, and 0.7% fat, and appears as a white-to-yellowish white odourless powder with
a bland taste.

The gum is extracted from guar seeds by different processing techniques, as follows:
First, the seeds are split into germs by separation from the endosperm, followed by a
thermal dehusking process to obtain the guar splits [70]. Then, the refined guar splits
obtained by milling are either packed as guar gum products or are further treated by
dissolution, filtration to remove the insoluble parts, precipitation with alcohol, another
filtration step, and are then dried and passed through a mill with controlled size in order to
achieve various grades of guar gum [70].

Guar gum is basically composed of a straight chain of D-mannose units, united by
β (1–4) glycoside linkages, bearing a single D-galactose unit on approximately every
alternate mannose joined to it by an α (1–6) glycoside linkage [71]. Guar gum consists of
non-ionic polydisperse rod-shaped molecules made up of about 10,000 residues. The ratio
of mannose to galactose units is approximately 1.5:1 or 2:1, with the distribution related to
the solubility behaviour of guar gum [28]. It is worth mentioning that guar gum is partially
soluble in water due to protein residues, but hydrates quickly to form a viscous solution.
The high galactose substitution intensifies the solubility, dispersiveness, emulsification,
and stiffness, but lowers the extensibility of the isolated chains since the galactose residues
prevent strong chain interactions.

Over the past few years, many review articles have been published on guar gum and
its derivatives, either used in food, nutrition, cosmetics, and in the biomedical field or in
industry. However, there is no specific review reporting on guar gum-based materials for
wound-healing applications to date, based on the search on the PubMed database using
guar gum and wound healing as keywords that returned only 27 research articles. Taking
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this into consideration, the next section is divided into sub-sections based on the type of
support prepared using guar gum and its derivatives.

4.2.1. Films

Guar gum-based films used in wound healing can be loaded with bioactive substances,
such as drugs and natural products. Recently, the incorporation of honey into the struc-
ture of these biomaterials was studied to control various parameters including swelling,
degradation, and mechanical behaviour [72]. The conducted experiments demonstrated
that incorporating honey into wound dressings improves their mechanical properties. In a
recent study from this year, a film based on guar gum, gellan gum, and honey synthesized
by the solvent casting method showed great biocompatibility, sustained proliferation, mi-
gration of the cells, and enhanced wound healing properties. The antioxidant activity of the
honey-loaded and honey-free guar gum films determined by DPPH assay, showed good
antioxidant abilities that increased with the quantity of honey. The MTT and scratch assays
of the developed film were conducted on skin fibroblasts. Increasing the honey content
caused a higher degradation rate of the biomaterial and a lower swelling capacity [72].
Another study, available as a preprint (meaning that it has not been peer reviewed by the
journal), combined gelatin, bacterial nanocellulose, aldehyde-modified guar gum with
decreased water solubility and honey to obtain an antibacterial film for wound healing.
Similarly, the studies carried out on NIH 3T3 cells revealed biocompatibility of the support.
The antimicrobial activity evaluated the inhibition activity against Staphylococcus aureus
and E. coli [73].

In addition to the compounds that postulate the enhanced physicochemical properties
of the biomaterial, several studies focused on developing novel formulations to integrate
agents with antibacterial activity. Infections are one of the main factors influencing wound
healing, Staphylococcus aureus, Pseudomonas aeruginosa, and β-hemolytic streptococci being
some of the common microorganisms present in wounds [74]. Thus, the use of antibiotics
and natural products with antibacterial activity could speed up the healing process. A
curcumin-loaded film was synthesized using carboxymethylated guar gum grafted with
gelatin, with a tensile strength of 41.64 MPa, high hemocompatibility, and biocompati-
bility on NIH 3T3 cells. Curcumin had a desirable release rate (93.5% in 96 h), capable
of preventing bacterial development for an extended period of time [75]. Another study
designed a curcumin-loaded film consisting of a guar gum/poly (3-hydroxybutyrate-co-
3-hydroxyvalerate) (PHBV) blend. Biocompatibility and wound-healing properties were
confirmed through MTT assay on NIH 3T3 cells, a hemolytic assay using human blood,
and in vivo studies on male Swiss-albino mice carried out for 7 days. Due to considerable
cell proliferation and maturation, the synthesized film improved wound healing by approx-
imately 90%. Regarding bactericidal activity, the curcumin-loaded film was more effective
on Gram-positive than Gram-negative ones. The previously demonstrated properties,
along with tensile strength, swelling ratio, thermal endurance, and mechanical resistance,
recommend this complex as a suitable wound dressing [76].

Other studies concentrated on the development of antibiotic-loaded films. Ceftazidime,
a third-generation cephalosporin antibiotic, also used as the cross-linker, was successfully
loaded into a scaffold based on aminated carboxymethyl guar gum and fish scale collagen,
with a drug release of 91.3% in 96 h. MTT and CalceinAM assays evaluated the cytotoxicity
in NIH 3T3 fibroblasts. The cells with 90% viability showed no morphological alterations.
As a result of the antibiotic loading, the guar gum-based dressing was efficient against
Staphylococcus aureus and Pseudomonas aeruginosa [77]. A carboxymethyl guar gum film
loaded with Ciprofloxacin obtained by cross-linking with citric acid and tested on Wistar
rats over a 5-day timeframe showed outstanding wound healing activity. The released
drug was investigated at 37 ◦C in pH 6.8 phosphate buffer, showing a controlled release
after 90 min [78]. Through microwave-assisted polycondensation with dimer acid of hy-
drophobically modified guar gum blended with polyvinyl alcohol, two biodegradable
drug-loaded films were obtained, one loaded with Gentamicin sulfate and the other with
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Amoxicilin. In vivo studies carried out on Wistar albino rats showed almost full recovery
of the wounds within 15 days, with the wound exudates absorbed by both films. Ef-
fective against E. coli and Staphylococcus aureus, the films also had antifungal activity on
Candida albicans [79]. The antioxidant activity was not reported for any of these studies.

A recent patent describes the preparation of dissolvable polymeric films based on
hydroxypropyl-guar, hyaluronic acid, polyethylene glycol, and polyvinylpyrrolidone capa-
ble of promoting the healing of corneal wounds. In vivo studies on a GvHD mouse model
confirmed faster wound healing in mice treated with the polymer membrane, compared
with those treated with lotepradnol etabonate, sodium hyaluronate, and saline [80].

4.2.2. Hydrogels and Matrices

One study developed a collagen matrix cross-linked with hydrophilic polyurethane, in
which guar gum was later added through semi-interpenetration. This technique conferred
the polymeric matrix as having a superabsorbent behaviour, interconnected porosity, and
an amorphous fibrillar structure. The authors investigated how the gelation rate, physic-
ochemical cross-linking, swelling degree, and mechanical and thermal resistance of the
semi-interpenetrating network, could be adjusted by modifying the guar gum concentra-
tion. The authors recommend these hydrogels as dressings for chronic wound healing, but
no tests related to drug release, cell viability and proliferation, cell signalling, hemocompati-
bility, antibacterial, and antioxidant activity were performed [81]. Another interpenetrating
polymeric network was obtained using carrageenan and guar gum. The ex vivo studies of
the dressing revealed its adhesion to digestive tract mucosa (stomach, small intestine, large
intestine). The material was tested on male mice, observing the healing of the wounds for
15 days. Histological procedures confirmed the effective recovery of the wounds [82].

An interesting study suggested a dual-layer wound dressing containing a hydrogel
based on guar gum, polyvinyl alcohol, and Lactobacillus plantarum as the inner layer covered
with a hydrocolloid based on liquid paraffin, polyisobutylene, styrene-isoprene-styrene,
and sodium carboxymethylcellulose for the outer layer. Accelerated wound recovery with
complete re-epithelialization was confirmed by in vivo investigations on a Pseudomonas
aeruginosa-infected male Sprague-Dawley rats model [83].

Chitosan/guar gum/polyvinyl alcohol pH-responsive hydrogel blended with tetra
orthosilicate was loaded with paracetamol for potential use as a wound dressing. In
140 min, the system had a drug release of 98% in PBS media, reaching a maximum
swelling of 2159% in water. Tested on various bacterial strains such as Staphylococcus aureus,
Bacillus cereus, Pseudomonas aeruginosa, and E. coli, the hydrogel showed excellent antibac-
terial activity [84]. Another self-healing and injectable hydrogel formulation based on
oxidized quaternized guar gum and carboxymethyl chitosan managed to treat infected
wounds of Staphylococcus aureus in male rats. Cytocompatibility, hemocompatibility, in-
jectability, hemostatic, and self-healing properties are features of a promising wound
dressing [85]. Guar gum/arabinoxylan-based hydrogel loaded with silver sulfadiazine exhib-
ited an effective antifungal activity against Pseudomonas aeruginosa and Staphylococcus aureus.
Having a constant drug release after 80 min with 92% of the antibiotic already released by
this point, the hydrogel did not present toxicity towards MC3T3-E1 mice cells [86].

Although many studies focus on the synthesis of biomaterials that can be used as
wound dressings, most of them are not designed for application on stretchable body parts.
Li et al. [87] suggested the preparation of a flexible self-healing gel composed of cationic
guar gum that promotes wound healing in areas prone to stretching. Recovery of the
incisions made on the nape and the dorsum of the female Sprague Dawley rats confirmed
the material’s capability to be an effective wound dressing while there is frequent movement
of the injured area.

In 2020, novel biomaterials based on low-toxicity borax-guar gum hydrogels incorpo-
rated with curcumin-stabilized silver nanoparticles were created by Talodthaisong et al. [88].
The composite hydrogels displayed activity against E. coli, Pseudomonas aeruginosa, and
Staphylococcus aureus, and self-healing properties on cut samples. Using the previously syn-
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thesised silver nanoparticles stabilized with curcumin, Bhubhanil et al. [89] incorporated
the nanostructures into a guar gum-based hydrogel matrix. The biopolymer acted as a
gelator, offering the possibility to be injectable. In vivo tests on male Wistar rats, together
with in vitro investigations on dermal fibroblast cells confirmed the biocompatibility and
healing properties of the hydrogel.

The same concept was followed by Ghosh Auddy et al. [90] that embedded silver
nanoparticles in a guar gum alkylamine matrix. The nanobiomaterial proved faster heal-
ing and improved cosmetic appearance by combining the antibacterial properties of the
nanostructures, as well as the polymer’s capacity to provide structural support. Investi-
gating biochemical markers, such as total protein, DNA, and hydroxyproline contents of
the wound tissues, the results demonstrate that the incorporation of nanoparticles into a
polymeric matrix could be an excellent design for a wound dressing.

Medicinal plants were successfully incorporated into a guar gum/polyvinyl alcohol
nanofibrous matrix formed through the electrospinning method. Testing the material on
Wistar rats’ wounds confirmed that the tissue was completely healed and was non-toxic for
gingival mesenchymal stem cells. The matrix had a tensile strength (38.78 MPa) similar
to the human skin and was capable of absorbing the exudate from the wound site [91].
The electrospinning method was also used by another group of researchers to synthesize a
nanofiber scaffold using carboxymethyl guar gum, reduced graphene oxide, and polyvinyl
alcohol in order to obtain high-grade porosity that facilitates the transport of oxygen to
cells. In vivo studies were conducted on New Zealand rabbits for 14 days, promoting the
closure of the tissue excision site [92].

4.2.3. Other Types of Formulations

Haynes et al. [93] patented a freeze-dried sponge synthesis technique based on xanthan
and galactomannans, including guar gum, with application in wound care. To evaluate
the wound healing potential of the guar gum nanoparticles synthesized in their previous
work [94], Ghosh SK et al. [95] used this system in order to treat oxazolone-induced atopic
dermatitis in Balb/c mice, alleviating the symptomatology. Furthermore, the findings were
sustained by in vitro investigations on NIH 3T3 Scratch Assay, which displayed an effective
wound recovery.

Y. Horii et al. [96] demonstrated the benefits of consuming guar gum-based dietary
fibre in patients suffering from colonic epithelial cell wounds, which are frequently asso-
ciated with inflammatory bowel diseases. The process is the modulated activation of an
ERK1/2 and Rho kinase.

Table 2 briefly describes various formulations based on guar gum for the first time,
mentioning only a few tests through which the novel biomaterials were subjected.

As observed in Table 2, Figure 4, and the related description, only one support based
on guar and gellan gums with incorporated honey was evaluated from the antioxidant
point of view (see also Figure 3 for the detailed protocol).
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Table 2. Guar gum-based vehicles with potential use as wound dressings.

Formulation Type Co-Products Active Ingredient/Drug Obtaining Method Studies In Vitro/In Vivo Properties References

Film

Guar and gellan gums Honey Solvent casting method DPPH assay, MTT, scratch test on
skin fibroblasts

Antioxidant properties, higher honey
concentration caused an increased

degradation rate, a decreased swelling
capacity, and a lower rate of water

vapor permeability

[72]

Aldehyde guar gum, gelatin,
bacterial nanocellulose Honey Blending MTT Assay, Cell attachment study on

NIH 3T3 fibroblast cells

Swelling behaviour influenced by the
honey concentration, antibacterial

activity, improved mechanical properties
[73]

Carboxymethyl guar
gum, gelatin Curcumin Non-covalent

interaction method MTT Assay on NIH 3T3 fibroblast cell Hemocompatibility,
antibacterial properties [75]

Film

Guar gum,
polyhydroxyalkanoates

(PHBV)
Curcumin Solvent casting method MTT Assay on NIH 3T3 fibroblast cell

In vivo studies on Swiss-albino mice

Hemocompatibility, bactericidal activity,
the PHBV content increased film’s

porosity, improved
mechanical properties

[76]

Aminated carboxymethyl guar
gum, collagen Ceftazidime Cross-linking with ceftazidime MTT and CalceinAM assays on NIH

3T3 fibroblast
Hemocompatibility and

antimicrobial activity [77]

Carboxymethyl guar gum Ciprofloxacin Cross-linking with citric acid In vivo studies on infected Wistar rats
Hemocompatibility, increasing curing

temperature decreased the
swelling capacity

[78]

Hydrophobically modified
guar gum, polyvinyl alcohol

Gentamicin
sulphate/Amoxicillin

Microwave-assisted poly
condensation with dimer acid In vivo studies on Wistar albino rats

Antibacterial and antifungal properties,
capability of absorbing wound

exudates, biodegradability
[79]

Hydroxypropyl-guar,
hyaluronic acid, PEG and

polyvinylpyrrolidone
- Film casting method

In vivo studies on GVHD mouse model
(C3H mice with bone marrow and T-cells

transplated from BL/6 donor)

Mucoadhesivity, the mechanical
properties of the film do not impact

further surgery procedures
[80]

Semi-interpenetrating
hydrogel Guar gum, collagen - Cross-linking with

hydrophilic polyurethane -
Superabsorbent behaviour,

interconnected porosity, potential use as
a wound dressing

[81]

Micro-porous
interpenetrating network Guar gum, Carrageenan - Microwave irradiation and film

casting method In vivo studies on mice

Hemocompatibility, degradability,
honeycomb structure, good adhesion to

stomach, large intestine, and
small intestine

[82]

Dual-layer wound dressing Guar gum, polyvinyl
alcohol, hydrocolloid Lactobacillus plantarum Freeze-and-thaw method In vivo studies on Male Sprague–Dawley

rats

Antibacterial properties (eradicating P.
aeruginosa), efficient in promoting

complete re-epithelization
[83]
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Table 2. Cont.

Formulation Type Co-Products Active Ingredient/Drug Obtaining Method Studies In Vitro/In Vivo Properties References

Hydrogel

Guar gum, chitosan,
polyvinyl alcohol Paracetamol Cross-linking with

tetra orthosilicate -
Antibacterial properties, degradability,

responsive to pH, potential use as a
wound dressing

[84]

Oxidized quaternized guar
gum, carboxymethyl chitosan - Schiff base reaction

MTT Assay on L929 fibroblast cells
In vivo studies on male rats with S.

aureus infected wounds

Hemocompatibility, hemostatic
properties, injectability, self-healing
properties, antibacterial properties

[85]

Guar gum, arabinoxylan Silver sulfadiazine Cross-linking with tetraethyl
orthosilicate Neutral Red assay on MC3T3-E1 cell line Degradability, antibacterial properties [86]

Cationic guar gum, poly
(3,4-ethylenedioxythiophene),

poly(styrenesulfonate)
- Electrostatic interaction

CCK-8 assay on NIH 3T3, MDCK and
HAF cell lines

In vivo studies on Sprague Dawley rats

Hemolytic activity, self-healable,
conductivity, injectability, suitable for
wounds located in stretchable parts of

the body

[87]

Hydrogel-nanoparticle

Guar gum,
curcumine-stabilisez
silver nanoparticles

-
Gelation with guar gum,
cross-linking with borax

Swelling degree, antimicrobial activity
on E. coli, Pseudomonas aeruginosa, and

Staphylococcus aureus

Improved degree of swelling, stronger
inhibition against Gram-positive bacteria

compared to Gram-negative bacteria
[88]

In vivo studies on Wistar rats

Superior wound healing and
antibacterial action compared to
commercial gels (by >40% and

60%, respectively)

[89]

Nanobiomaterial matrix Guar gum alkylamine,
silver nanoparticles - In situ incorporation

In vivo studies on Wistar rats; primary
skin irritation study conducted on

albino rabbit

Promote wound healing by modulation
of collagen deposition and regulation of

keratinocytes and
support re-epithelialization

[90]

Nanofibrous matrix Guar gum, polyvinyl alcohol
Acalypha indica, Aristolochia
bracteolata, Lawsonia inermis,

and Thespesia populne

Electrospinning

MTT an Calcein AM assays on gingival
mesenchymal stem cells, in vivo studies

on Wistar rats

Exudate absorbability, tissue fully
regenerated with minimal scarring [91]

Nanofiber scaffold Guar gum, reduced graphene
oxide, polyvinyl alcohol -

Scratch assay on 3T3-L1 fibroblast cells,
In vivo studies on adult

New Zealand rabbits

Oxygen transport to the cells facilitated
by the porosity of the material; the
moisture content of the wound site

is maintained

[92]

Sponge Xanthan, guar gum/locust
bean gum - Freeze drying - Solid, bioabsorbable [93]

Nanoparticles Guar gum - Acid hydrolysis technique

Scratch assay on NIH 3T3 fibroblast
cell line

In vivo studies on Balb/c mice with
Oxazolon-induced atopic dermatitis

Efficient in alleviating symptoms of
atopic dermatitis [94,95]

Dietary fiber
Commercial partially

hydrolyzed guar
gum (Sunfiber R)

- -
RhoA pull-down assays and western

blot analysis on YAMC cell line, In vivo
studies on C57B6 mice

Efficiency in activating ERK1/2 and Rho
kinase, enhancing curing of colonic

epithelial wounds
[96]
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The rest of the studies focused more on antibacterial activity related to wound closure,
even if the healing process is modulated by the antioxidant scavenging activity. Thus,
can these studies claim the critical role of ROS in wound healing and infection control at
the wound site? Or can the demonstrated guar gum antioxidant activity in food pack-
ing, for example, be correlated with a complete re-epithelisation of the damaged tissue
and balance of ROS and antioxidants at an optimal level? The first step was made by
Kalachaveedu et al. [91], who studied guar gum medicinal plant nanofibrous mats with
medicinal plants well known for their antioxidant potential. Sharma et al. [97] enlisted
several medicinal plants related to being effective in the treatment of wounds in 2021. If we
analyze the review paper, from the medicinal plants and their metabolites used in the treat-
ment of different types of wounds, we could depict several, for example, curcumin, which
is already incorporated into guar gum films and patented in regenerative medicine. Does
this support reach the balance between ROS and antioxidants, or does another compound
need to be added? Further studies must be performed in order to determine guar gum or
gellan gum’s oxidative stress levels.

5. Conclusions

To date, wound healing and customized dressing strategies create high expectations,
which are partially met by current technologies. Thus, new tools are rapidly advancing in
order to achieve suitable natural-based assemblies that mimic the complex human body.
It is widely acknowledged that the balance between oxidative stress and antioxidants is
considered to play a fundamental role in wound dressing design. In normal conditions,
low levels of ROS and oxidative stress are postulated for wound closure, but, when present
in excess, lead to impaired wound healing by cell injury and inflammation, generated by
oxidative stress. This review first summarised the main antioxidant assays available to be
tested along with the importance of antioxidants in the wound-healing process. Then, in
order to demonstrate the progressive importance of antioxidant capability, biopolymer-
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based gellan and guar gums were described in different tissue engineering settings. Gellan
gum was found in various structures with intense wound-healing effects and quantified
antioxidant potential, while guar gum was barely initiated in the field. Based on these,
there is clear evidence to suspect that the antioxidant level in gum-based structures is
essential in wound care and must be properly analysed in the near future.
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Abbreviations

AAPH: 2,2′ -azobis-2-amidino-propane; ABTS: 2,2′-azinobis-(3- ethylbenzothiazoline-
6-sulfonic acid); BSA: Bovine serum albumin; BrdU: 5-bromodeoxyuridine; CaCl2: Calcium
chloride; CAT: catalase assay; CUPRAC: cupric reducing antioxidant power; CCK-8: Cell
Counting Kit-8; DAPI: 4′,6-diamidino-2-phenylindole; DPPH: 2,2-di(4-tert-octylphenyl)-1-
picrylhydrazyl; DPBF: 1,3-Diphenylisobenzofuran; DCFH: 2′,7′-dichlorodihydrofluorescein
diacetate; ECM: extracellular matrix; EC50: the efficient concentration of the antioxi-
dant necessary to reduce the initial DPPH concentration by 50%; EDTA: ethylenedi-
amine tetraacetic acid; ELISA: enzyme-linked immunosorbent assay; Fe (III): ferric ions;
Fe (II): ferrous complex; FOX: ferrous oxidation xylenol; FTC: ferric thiocyanate;
FRAP: ferric reducing antioxidant power; GAE: gallic acid equivalents; GvHD: Graft
vs Host Disease; GSH: glutathione; GSH-Px: glutathione peroxidase; HGF: hepatocyte
growth factor; HORAC: hydroxyl radical antioxidant capacity; IGF-1: insulin-like growth
factor; KOH: potassium hydroxide; LDH: lactate dehydrogenase; MDA: malondialde-
hyde; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide; MTS: 3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium bro-
mide; NaOH: sodium hydroxide; NBT: nitroblue tetrazolium; NED: N-(1-naphthyl) ethylene-
diamine; ORAC: oxygen radical absorption capacity; O2: oxygen; PBS: phosphate buffer
saline; PEG: poly ethylene glycol; RNS: reactive nitrogen species; ROS: reactive oxygen
species; SMA: smooth muscle actin; SNP: sodium nitroprusside; SOD: superoxide dismu-
tase; TAC: total antioxidant activity; TBA: thiobarbituric acid; TBARS: thiobarbituric acid
reactive substances; TEC50: the necessary time to reach the equilibrium state with EC50;
TGF-β1: transforming growth factor-beta; TiO2: titanium dioxide; TPC: total phenolic
content; TRAP: total peroxyl radical trapping antioxidant parameter; UV-VIS: ultraviolet
visible; VEGF: vascular endothelial growth factor; XO: xylenol orange.
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