Hindawi
BioMed Research International i i
Volume 2022, Article ID 1659338, 43 pages H I n d aWI

https://doi.org/10.1155/2022/1659338

Review Article

Recent Progress in Development of Dressings Used for Diabetic
Wounds with Special Emphasis on Scaffolds

Ankit Awasthi®,! Monica Gulati(,"”> Bimlesh Kumar®,' Jaskiran Kaur®,’

Sukriti Vishwas®),! Rubiya Khursheed ! Omyji Porwal ,> Aftab Alam ®),* Arya KR )
Leander Corrie (), Rajan Kumar ,! Ankit Kumar®,! Monika Kaushik ®,’
Niraj Kumar Jha®,° Piyush Kumar Gupta®,”® Dinesh Kumar Chellappan (>,
Gaurav Gupta ®,'®'"'? Kamal Dua®,>'* Saurabh Gupta,'* Rohit Gundamaraju®,
Pasupuleti Visweswara Rao ,1617 and Sachin Kumar Singh 1.2

9
15

!School of Pharmaceutical Sciences, Lovely Professional University, Phagwara, Punjab 144411, India

2Faculty of Health, Australian Research Centre in Complementary and Integrative Medicine, University of Technology Sydney,
Ultimo, NSW 2007, Australia

Department of Pharmacognosy, Faculty of Pharmacy, Tishk International University-Erbil, Kurdistan Region, Iraq

*Department of Pharmacognosy, College of Pharmacy, Prince Sattam Bin Abdulaziz University, Al Kharj, 11942 KSA, Saudi Arabia

®Amity Institute of Pharmacy, Amity University Madhya Pradesh, Gwalior, Madhya Pradesh 474001, India

®Department of Biotechnology, School of Engineering & Technology (SET), Sharda University, Plot No. 32-34 Knowledge Park III,
Greater Noida, Uttar Pradesh 201310, India

7 Department of Life Sciences, School of Basic Sciences and Research, Sharda University, Plot No. 32-34, Knowledge Park III,
Greater Noida, 201310 Uttar Pradesh, India

8Department of Biotechnology, Graphic Era Deemed to be University, Dehradun, 248002 Uttarakhand, India

Department of Life Sciences, School of Pharmacy, International Medical University, Bukit Jalil, 57000 Kuala Lumpur, Malaysia

9School of Pharmacy, Suresh Gyan Vihar University, Mahal Road, Jagatpura, Jaipur, India

"Department of Pharmacology, Saveetha Dental College, Saveetha Institute of Medical and Technical Sciences, Saveetha University,
Chennai, India

2Uttaranchal Institute of Pharmaceutical Sciences, Uttaranchal University, Dehradun, India

PDiscipline of Pharmacy, Graduate School of Health, University of Technology Sydney, NSW 2007, Australia

™Chitkara College of Pharmacy, Chitkara University, Punjab, India

I5ER Stress and Mucosal Immunology Lab, School of Health Sciences, University of Tasmania, Launceston, Tasmania, Australia
7248

Department of Biomedical Sciences and Therapeutics, Faculty of Medicine and Health Sciences, Universiti Malaysia Sabah,
Kota Kinabalu, 88400 Sabah, Malaysia

7Centre for International Relations and Research Collaborations, Reva University, Rukmini Knowledge Park,
Rukmini Knowledge Park, Kattigenahili, Yelahanka, Bangalore, 560064, , Karnataka, India

Correspondence should be addressed to Pasupuleti Visweswara Rao; pvrao@ums.edu.my
and Sachin Kumar Singh; singhsachin23@gmail.com

Received 18 November 2021; Revised 19 May 2022; Accepted 8 June 2022; Published 4 July 2022
Academic Editor: Chuan Ye

Copyright © 2022 Ankit Awasthi et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Diabetic wound (DW) is a secondary application of uncontrolled diabetes and affects about 42.2% of diabetics. If the disease is left
untreated/uncontrolled, then it may further lead to amputation of organs. In recent years, huge research has been done in the area
of wound dressing to have a better maintenance of DW. These include gauze, films, foams or, hydrocolloid-based dressings as well
as polysaccharide- and polymer-based dressings. In recent years, scaffolds have played major role as biomaterial for wound
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dressing due to its tissue regeneration properties as well as fluid absorption capacity. These are three-dimensional polymeric
structures formed from polymers that help in tissue rejuvenation. These offer a large surface area to volume ratio to allow cell
adhesion and exudate absorbing capacity and antibacterial properties. They also offer a better retention as well as sustained
release of drugs that are directly impregnated to the scaffolds or the ones that are loaded in nanocarriers that are impregnated
onto scaffolds. The present review comprehensively describes the pathogenesis of DW, various dressings that are used so far
for DW, the limitation of currently used wound dressings, role of scaffolds in topical delivery of drugs, materials used for
scaffold fabrication, and application of various polymer-based scaffolds for treating DW.

1. Introduction

Diabetic wound (DW) is one of the complications of dia-
betes that affects the quality of life of patients. Its cases are
continuously increasing at a rapid rate. The lack of glycae-
mic control, hypoxia, vasculopathy, immunopathy, and
damage to the cells due to the release of reactive oxygen
species (ROS) contribute towards DW [1, 2]. It affects
42.2 % of diabetics and imposes an economic burden on
the health sector that bears a cost of 3 billion dollars for
the treatment every year [3]. Moreover, in DW, sequences
of wound healing are compromised especially the inflam-
matory phase. The delay in wound healing is due to the
inability of platelets, macrophage growth factors (GFs),
cytokines, and chemokines to act normally upon the cellu-
lar receptors. This leads to abruption in signalling cas-
cades, which in turn results in impairment of
angiogenesis, collagen synthesis, collagen proliferation, dif-
ferentiation, and migration and impedes the wound heal-
ing cycle. This can further lead to amputation or death
of the patient. The global prevalence rate of amputation
due to DW is 7-20% [4, 5].

It has been observed that the wound of patients suffering
from DW looks like an ulcer, especially on the feet and lower
extremities. The presence of exudate and bacterial load at the
wound site makes the management of DW more compli-
cated and further leads to infection. To combat with this
complication an appropriate treatment strategy is required.
Till date, various wound dressings have been explored
which, include gauze, foams, films, hydrocolloids, iodine
dressings, silver dressings, polysaccharide dressings, natural
polymer, and synthetic polymer-based dressing. However,
these treatment strategies are unable to provide adequate
patient compliance and are associated with various limita-
tions. In recent years, scaffolds have gained attention as
new dressing and provide new dimension in the field of tis-
sue rejuvenation.

Scaffolds are three-dimensional polymeric structures
formed from polymers that help in tissue rejuvenation.
Moreover, scaffolds are versatile in use, offer controlled size,
tunable physicochemical properties, and offer a large surface
area to volume ratio to allow cell adhesion and exudate
absorbing capacity, antibacterial properties, and encapsula-
tion of drug for the desired period [6]. Their ability to encap-
sulate drugs for desired period helps in achieving their
controlled release. This release controlling property is nei-
ther provided by any of the dressings mentioned above nor
by existing novel drug delivery systems (e.g., liposomes,
nanostructured lipid carriers (NLCs), nanoparticles (NPs),
and dendrimers) used for topical application. Looking at

their enormous benefits, an attempt has been made to
explore and summarize various scaffolds to treat DW [7].
The present review provides a comprehensive overview
of global prevalence of diabetic wound, their etiopathogen-
esis, various conventional and smart dressings, and advan-
tages of scaffolds over other delivery system, role of
scaffolds as a topical drug delivery, their application in treat-
ing diabetic wound, modifications in the scaffolds for the

management of DW and market as well as clinical status
of scaffolds.

2. Pathogenesis of DW

In patients having long history of uncontrolled DM, the high
blood glucose level results in vasculopathy, immunopathy,
and neuropathy. These further caused by alteration in the
normal wound healing pathways. The pathways which are
affected in DW are aldose reductase sorbitol dehydrogenase
hexosamine pathway and nitric oxide synthase pathway. The
alteration in aldose reductase sorbitol dehydrogenase path-
way results in increase in sorbitol and fructose. This further
leads to decrease in the level of myoinositol that further
results in generation of neuropathy. Due to this, cell chemo-
taxis, GF production, and cell proliferation decrease, which
impedes the wound healing process. Higher blood sugar also
activates hexosamine pathway, which leads to decrease in
levels of glucose-6-phosphatase dehydrogenase and nicotin-
amide adenine dinucleotide phosphate (NADPH). These
cause decrease in levels of myoinositol and nitric oxide and
lead to generation of ROS. Thus, the wound healing process
gets delayed due to oxidative stress. The inhibition of nitric
oxide synthase enzymes results in decrease in the level of
nitric oxide that leads to oxidative stress. The overall patho-
genesis causes decrease in angiogenesis [8], platelet function,
and increase in inflammation as well as vasoconstriction at
the site of wound and impedes the normal wound healing
process [9-11].

Besides these, during hyperglycemia, the levels of
miRNA-146a and miR-132 get decreased, whereas the level
of miR-155 gets overexpressed. The suppression of
miRNA-146a increases the proinflammatory mediators such
as interleukin-1 receptor- (IL-1R-) associated kinase
(IRAK1) and tumour necrosis factor (TNF) receptor-
associated factor 6 (TRAF6). These extend the inflammatory
phase and impede the wound healing process [12]. The
reduction in the level of miR-132 expression also delays
the wound healing process by increasing the levels of nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-
xB), nucleotide-binding oligomerization domain- (NOD-)
like receptor, Toll-like receptors (TLR), and TNF signalling
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pathway. The increase in levels of these proteins results in a
prolonged inflammatory phase by releasing various inflam-
matory mediators from macrophages and monocytes and
delays the wound healing process. Furthermore, miR-132
also targets the heparin-binding EGF-like GF (Hb-EGEF)
and facilitates the transition from the inflammatory phase
to the proliferative phase [13]. On the other side, the overex-
pression of miR-155 leads to an increase in myeloperoxidase
peroxidase- (MPO-) positive cells and decrease angiogenic
markers suggestive of ECM build-ups such as TGF-f1, col-
lagen 1, and alpha-smooth muscle actin (a-SMA) [13].
Overall, these cause the generation of DW. In another study,
it was found that an increase in levels of miR-191 and miR-
200b was positively associated with higher levels of
inflammation-associated markers such as C-reactive protein
(CRP) which results in reduced tube formation capacity,
migration, and zona occludens-1 expression in human der-
mal endothelial cell and impede wound healing process
[14]. The increase in levels of miR-26a also influences the
DW healing process by targeting small mothers against
decapentaplegic-1 (SMAD-1) and impairs wound edge
angiogenesis and granulation tissue thickness. The other
nucleic acids implicated in DW healing are miR-15b, miR-
200, and miR-205-5p. The increase in levels of these nucleic
acids results in the deactivation of vaso-endothelial growth
factor (VEGF) pathways and impairs the wound healing
process [15].

Activation of VEGF-AKT/enNOS (protein kinase B/
nitric oxide synthase) pathway involves in the angiogenesis
and helps in wound healing. But at the same time during
injury, the level of miR-615-5p gets increased which acts as
negative regulator of the angiogenesis and wound healing
by inhibiting the activation of VEGF-AKT/enNOS with the
help of other genes (IGF2 and RASSF2). Hence, by neutral-
izing the miR-615-5p, the process of angiogenesis and
wound healing can be promoted [8].

The hyperglycemia further results in idiopathic compli-
cations, viz., neuropathy, immunopathy, and vasculopathy.
Neuropathy is a common complication of different medical
conditions. It affects autonomic nerves, motor nerves, and
sensory nerves. In motor neuropathy, weakness and wasting
of intrinsic foot muscles take place that finally leads to ulcer-
ation. In sensory neuropathy, loss of pain occurs, leading to
unnoticed trauma, which in turn gives rise to ulcer forma-
tion. In autonomic neuropathy, sweating is decreased due
to which skin becomes dry and brittle. This leads to second-
ary infection and finally causes ulceration. Vasculopathy is a
general term used to describe any disease affecting blood
vessels. It is of two types, microangiopathy and macroangio-
pathy. Macroangiopathy occurs due to the deposition of
blood clots and fats in the blood vessels. Obstruction in the
blood flow leads to tissue necrosis and finally, ulceration
takes place. In the case of microangiopathy, more glycopro-
teins are formed on the surface of the basement membrane
due to which vessel walls grow abnormally thicker and
weaker leading to disruption of vessels. It causes the leakage
of blood and proteins and also slows down the flow of blood
to different parts of the body. This is another cause of ulcer
formation. In immunopathy, polymorpho-nuclear leukocyte

migration, phagocytosis, chemotaxis, and intracellular kill-
ing rate get decreased. Decreased chemotaxis of GFs and
cytokines, coupled with an excess of metalloproteinases,
impedes normal wound healing by creating a prolonged
inflammatory state [16-19]. The pictorial representation of
pathogenesis of DW is shown in Figure 1.

3. Current Wound Dressings for DW

The various wound dressings which have been explored to
treat DW include gauze, foams, films, hydrocolloids, iodine
dressings, silver dressings, polysaccharide dressings, and
natural polymer- and synthetic polymer-based dressing.
The alternatives of these dressings are smart dressings which
are discussed below.

Gauze-based dressings require continuous replacement,
and upon removal, particulates remain at the wound bed
that reinjure the wounds. Furthermore, the mechanical
removal of gauze-based dressings from the wound bed elim-
inates healthy as well as unhealthy tissues; thus, it is not con-
sidered as the safest dressing [20, 21]. Moreover, foam-based
dressings and adherent contact layer-based dressings need
secondary dressing because they can dry after a shorter
period and are not appropriate for dry wounds. Addition-
ally, these dressings are less stable, having an unpleasant
odour as well as cause pain during their removal. Further-
more, these impart easy invasion of bacteria and infection
at the wound site [22-24]. Film-based dressings overcome
the limitations of foam-based dressings such as odour, sta-
bility, and infections. However, these are not appropriate
for wounds with high exudate and neuropathic ulcers. Sim-
ilarly, hydrocolloid-based dressings are ineffective against
high exudate, need continuous changing, offer pain, macer-
ate the wound, and not safe for dry wounds [25].

Natural polymer-based dressings include alginate, chito-
san, collagen, and cellulose. Alginate-based dressings are
much better than hydrocolloid dressing due to pain control-
ling ability, ease to use, and exudate absorbing capacity [26].
The limitation associated with these types of dressings are
associated high cost and maceration of wound [27].
Iodine-based dressings are toxic for keratinocytes and fibro-
blasts. Additionally, they can impart discolouration of the
wound. Silver-based dressings are widely accepted in wound
healing due to their antimicrobial actions. Moreover, in one
of the studies, it has been found that silver-based dressing
provided 100% granulation tissue formation at the wound
site as compared to iodine-based dressing. This indicated
the advantage of silver dressing over the iodine-based dress-
ing [28]. The main disadvantage associated with silver-based
dressings is staining of silver to the wound. Hence, it is not
widely used in DW treatment. Natural polymer-based
dressings are much effective than the aforementioned
dressings. Firstly, cellulose dressings are cost-effective,
release GFs to provide a proliferation of fibroblasts at the
wound site, and provide a moist environment to the
wounds. The limitation of this type of dressing is lack of
antimicrobial activity and overabsorbed by the excess exu-
date present at the wound bed [29].
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F1GURE 1: The pictorial representation of pathogenesis of diabetic wound due to hyperglycaemia leading to oxidative stress, neuropathy,

immunopathy, and vasculopathy.

Chitosan dressings are much effective than cellulose
dressings due to their antimicrobial and hemostatic proper-
ties. The limitation associated with these dressings is exten-
sive swelling in water and the inability to dissolve in the
organic solvents due to their rigid crystalline structure [30].
Collagen and gelatin combination-based dressings promote
angiogenesis and granulation at the site of injury. Moreover,
they can exhibit anti-inflammatory as well as antimicrobial
properties. Hyaluronic acid-based dressings provide lubrica-
tion and water absorptive properties. Furthermore, they can
help in collagen deposition, epithelial migration, and angio-
genesis at the wound site. In one of the studies, it has been
found that only low molecular weight hyaluronic acid helps
in tissue rejuvenation, whereas high molecular weight hyal-
uronic acid inhibits angiogenesis as well as restricts the sup-
ply of nutrients to the tissues which impede the wound
healing process [31].

The synthetic dressings used for wound healing include
poly (lactide-co-glycolide), polyurethanes, and polyethene
glycols. Synthetic polymer dressings are much considerable
than natural polymer dressing due to their consistency,
reproducible physical as well as chemical composition. Poly
(lactide-co-glycolide)-based dressings are approved by the
Food and Drug Administration (FDA) for suture as well as
drug delivery applications. The variation in lactide to glyco-
lide results in the release of GFs that stimulates wound heal-
ing. Furthermore, they are cytocompatible and promote
fibroblasts proliferation, spreading, and adhesion. The limi-
tation associated with this dressing is the need for external
antimicrobial agents, and its properties do not match with
extracellular matrix and collagen [31]. Polyurethane dress-
ings consist of a semipermeable membrane that restricts
the entry of pathogens towards the wound site as well as pro-
vides a moist environment and drainage properties to the
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wound that helps in reducing swelling. The drawback of this
type of dressing is requirement of additional composite
dressings in order to provide contact layer and waterproof
properties [29]. In contrast, poly (ethylene glycol) dressings
are flexible, biocompatible, and hydrophilic in nature. Addi-
tionally, they provide better grip in the contact layer and
have higher affinity for GFs. However, their major limitation
includes damage of granulation tissues due to the adhesive
used in the dressings. Polycaprolactone-based dressings are
having structure similar to the extracellular matrix architec-
ture. These absorb the exudate and provide controlled
release and slow degradation. The drawback of this type of
dressings is absence of antimicrobial properties [29-32].

These types of traditional dressings can protect the
wounds from the external environment but do not respond
to the wound healing process well. The advanced forms of
these dressings are smart wound dressings that can help in
tissue rejuvenation by showing interaction with the wound,
where they can sense and react with the wound environment
and promote wound healing. The presence of smart mate-
rials such as stimuli-responsive materials and self-healing
materials and in-built sensors makes them as an ideal tool
in the management of wounds. The various smart dressings
used till now to manage wounds include self-healing wound
dressing, stimuli-responsive wound dressing, biomechanical
wound dressing, monitoring wound dressing, and self-
removable wound dressing.

Self-healing wound dressing is generally used for
motional wounds where the chances of mechanical stress
are very much which leads to split of dressings from the
wound site. Researchers have developed self-healing wound
dressings which have the ability to tolerate the mechanical
stress and intact the wound dressings at the wound site for
a prolonged period of time. For instance, in one of the study,
researchers developed a self-healing hydrogel of curcumin-
quaternized chitosan crosslinked benzaldehyde-terminated
Pluronic F127. This type of wound dressing was suitable
for motional injuries due to their stretchability and adhesive
nature. Moreover, these dressings were not split from the
elbow site at 120°C. In addition, these dressings were biode-
gradable and did not require changing during the service
period. In another study, Li et al. prepared a self-
conductive hydrogel dressing of cationic guar slime (GS)
and poly (3, 4-ethylenedioxythiophene) : poly (styrene sulfo-
nate) (PEDOT:PSS) for motional wounds. This type of
wound dressing was applied to the neck of the rats where
lots of tension, twist, and stress occur within a minute. The
results showed that this type of wound dressing bear stretch-
ing upto 200% and promotes deposition of collagen and
granulation of tissue at the site of injury. Till date, many
self-healing dressings are developed but are not available
for the management of motional wounds. In addition to
the self-healing ability and good adhesive capacity of self-
dressings, researchers should emphasize on mechanical
properties of dressings to overcome stress associated with
motional wounds.

The removal of dressings from the wound site offers
extreme pain and reinjury at the wound upon its removal.
To overcome these challenges, self-removal dressings have

been developed. Numerous strategies have been used by
the researchers to develop these dressings. The first one is
the use of thermosensitive polymer that becomes liquid at
a particular temperature and offers ease of removal of dress-
ing. For instance, Wagner and coworker used polyisocyano-
peptide (PIC) as thermosensitive polymer for the
development of self-removal dressings. The polymer used
in this dressing becomes liquid below 16°C and underwent
gelation into hydrogel at room temperature. Despite being
effective, these dressings require a particular temperature
for easy removal of dressings from wound area. Therefore,
this is considered a major drawback of thermosensitive
polymer-based self-dressings and also cannot be used under
cold conditions. To address these challenges, self-removal
dressing was prepared by using PEG-thiols and oxidized
dextran which results in the formation of a hydrogel. To
break bonds present in between, this hydrogel glutathione
or cysteine can be added which results in easy removal of
dressing from the wound site. The other approach used by
the researchers for designing self-removal dressings is
light-triggered dissolution. In this approach, Wu et al. pre-
pared a UV-triggered on-demand dissolution self-healing
wound dressing by using glycol chitosan (GC) and polyeth-
ylene glycol (PEG)-4-(3-(1-(Nhydroxysuccinimidyl carbonic
ester)ethyl)-4-nitrophenoxy) butanoate (PNN). The cross-
linking between GC and PNN was due to reaction between
the amino group present in the glycol chitosan and the N-
hydroxysuccinimidyl carbonate in PNN. PNN is photoclea-
vable because of its ortho-Nitrobenzyl (0-NB) groups, which
are sensitive to UV light. Since light is a noninvasive stimu-
lus, this wound dressing can be removed from the wound
site in a noninvasive manner [33].

Wound healing is a normal physiological and biological
process that involves a series of physical as well as chemical
changes at the site of injury. During injury, there are numer-
ous factors such as temperature, pH of the wound site, glu-
cose level, and oxygen level which play a key role in
wound healing. Looking at these factors, researchers devel-
oped stimuli-responsive wound dressings that can respond
to these changes and can effectively manage the wound. A
summary of the stimuli-responsive wound dressings, their
advantages, and limitations can be found in Table 1.

4. Role of Scaffolds in Topical Delivery of Drug

Topical route is the most preferred route to target drugs at
the wound site. However, this route also faces some chal-
lenges in delivering drugs due to the enzymes present in epi-
dermal layer of skin and other layers of skin that
impediment permeation of drugs across them. This becomes
more cumbersome if they are unable to cross these barriers.
To overcome these challenges, various novel drug delivery
systems have been formulated such as NLCs, solid lipid
nanocarriers (SLNs), NPs, micelles, and liNot Availablepo-
somes etc. They have been reported to enhance the perme-
ability of drug across the skin via transcellular route,
paracellular route, and endocytosis owing to their nanome-
ter size and elasticity. Thus, they provide target specificity
and release the drug at the wound site. In transcellular route,
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TaBLE 1: Advantages and disadvantages of stimuli-responsive wound dressings.
Stimuli Advantages Disadvantages References
Temperature (i) Antibacterial action (i) Dressings should be intact with the wound
P (ii) Quick response to temperature change § W W
(i) Ease of fabrication N . .
pH (if) Simple composition (i) High pH is required for drug release
(i) Control blood glucose level and heal the (i) Release speed of insulin cannot be well
Glucose
wounds controlled [34]

(i) Easy to apply
(ii) Simple composition
(iii) Regulate inflammatory process

Reactive oxygen species
(ROS)

(i) Improve microcirculation

Near-infrared light (NIR) (ii) Promote angiogenesis

(i) Enter the systemic circulation

(i) Temperature increase needs to be controlled
carefully

drug directly passes from the lipid layers, whereas in paracel-
lular route, drug reaches at the target site by passing through
the tight junctions present in the skin that is usually not
observed with drugs present in conventional formulations.
In endocytosis, drugs reach the wound site by entering
through the pores present on skin [35, 36]. The aforemen-
tioned nanocarriers have been successfully utilized in treat-
ing DW; however, they retent at the wound site for small
time. The challenges related to poor retention of drugs by
the aforementioned nanocarriers can be overcome by load-
ing/implementing them into dressings/scaffolds [36]. This
further improves their drug delivery efficacy. Scaffolds are
biodegradable in nature and upon their application at the
wound site, they start degrading and releasing the drug in
a time-dependent manner from the nanocarriers. Thus, they
provide high retainability of drug at the wound site and tar-
get the pathways that are responsible for impeding wound
healing process [37]. In addition, they help in tissue regener-
ation that helps in faster wound healing. In recent years,
there are many studies that have been loaded into the dress-
ings/scaffolds for effective treatment of DW. Some of the lat-
est studies on nanocarriers implemented in dressings/
scaffolds are mentioned in Table 2.

The advantages of nanoformulation-loaded scaffolds
over conventional formulation and nanocarrier nonloaded
in scaffolds are shown in Figure 2.

5. Materials Used in Scaffold Fabrication

The materials used in scaffold fabrication are derived from
natural sources such as plants and animals as well as manu-
factured synthetically. These biomaterials must be biode-
gradable, biocompatible, and free from antigenicity and
inflammatory response after implantation. Various natural/
synthetic polymers (Table 3) that are used to fabricate scaf-
folds are discussed in the following sections.

5.1. Natural Polymers. The source of natural polymers are
plants and animals. They are more biocompatible than syn-
thetic counterparts due to the presence of tripeptide
arginine-glycine-aspartate  (RGD)  sequences.  These
sequences help in cell attachment and acts as a receptor for
cell adhesion molecules. Natural polymers are also extracted

from tissues and utilized as a seminatural matrices by sepa-
rating cellular materials from them, e.g., decellularized
umbilical cords. The extraction of natural polymer is a
tedious process and having higher cost as compared to syn-
thetic polymers [69]. Various natural polymers used in scaf-
fold fabrication are discussed in the subsequent sections.

5.1.1. Polysaccharides. Polysaccharides are major class of
biomolecules with long chain carbohydrate subunits. They
are formed by combination of several monosaccharides. They
are mostly used as starting materials for the preparation of tis-
sue scaffolds. The unique feature of polysaccharide-based scaf-
folds is to form thermoreversible elastic hydrogel and having
low modulus that helps in soft tissue rejuvenation such as skin.
Some of the polysaccharides used in tailoring scaffolds include
alginate, chitosan, cellulose, iota-carrageenan, konjac gum,
xanthan gum, and kappa carrageenan. Besides these, other
polymers used to fabricate scaffolds are pullulan, starch, dex-
tran, and cellulose. Among these polysaccharides [70], chito-
san [71], alginate [72, 73], konjac gum [74, 75], cellulose
[76-78], Ganoderma lucidum [74, 75], and f3-glucan [79-81]
based scaffolds have been utilized for DW. These have been
discussed in the subsequent sections.

The biological sources of alginates are brown seaweeds.
These are anionic in nature and consist of copolymers of
D-mannuronic acid (M monomer) and L-guluronic acid
(G monomer). Alginates are gaining remarkable attention
in tissue engineering due to their less toxicity, biocompatibil-
ity, relatively less cost, and ease of gelation. Furthermore,
alginate-based biomaterials are not only used in the drug
delivery system but also used as cell carrier. Additionally,
alginates are also utilized as a good therapeutic agent in
wound healing due to their anti-inflammatory, analgesic
action, and structural similarity with extracellular matrix
(ECM) [82].

Chitosan is a cationic linear polysaccharide with high
molecular weight. Commercially, it is manufactured by dea-
cytelyation of polyacetylglucosamine found in walls of fungi,
shrimps, and other crustacean shells. It mainly consists of D-
glucosamine and N-acetyl-D-glucosamine. Chitosan is
widely accepted as biomaterial for fabricating scaffolds due
to its biodegradability, antibacterial effect, nontoxicity, and
biocompatibility that arise due to the presence of primary
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TaBLE 2: Studies on nanocarriers implemented in dressings/scaffolds.
. Animal
Drug Nanocarrier Results Ref
model
Scaffolds
Albino . .
. . . Exhibited 1.2-folds and 2.7-folds decreas