Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 May 2022 doi:10.20944/preprints202205.0358.v1

Review

Nanoparticles impregnated wound dressing material and its
mechanistic insight for chronic wound healing: Recent progress

Manoj Singh', Vanita Thakur?!, Vikas Kumar!, Mayank Raj?, Shivani Gupta!, Nisha Devi!, Sushil Kumar Upadh-
yay', Marketa Macho?, Avik Baneerjee?, Daniela Ewe? and Kumar Saurav>*

1 Department of Biotechnology, Maharishi Markandeshwar (Deemed to be University), 133207, Mullana,
India, manoj.singh@mmumullana.org (M.S.);vanitathakur1998@gmail.com (V.T.);vmeashi@gmail.com
(V.K.); sushil.upadhyay@mmumullana.org (SK.U.);rajmayank9162@gmail.com (M.R.);
shivanigupta241999@gmail.com (S.G.); nishapahal99@gmail.com (N.D.)

2 Laboratory of Algal Biotechnology-Centre Algatech, Institute of Microbiology of the Czech Academy of
Sciences, Tfebon-37901, Czech Republic, macho@alga.cz (M.M.); banerjee@alga.cz(A.B.); ewe@alga.cz (D.E.);

sauravvermal7@gmail.com(K.S.)
* Correspondence: sauravvermal7@gmail.com (K.S.); Tel.: (+420-737-003-359 (K.S.)

Abstract: Wounds are structural and functional disruptions of the skin that occur because of trauma,
surgery, acute illness, or chronic disease conditions. Chronic wounds are caused by a breakdown in
the finely coordinated cascade of events that occurs during wound healing. Wound healing is a long
process that split into at least three continuous and overlapping processes: an inflammatory re-
sponse, a proliferative phase that leads to tissue repair, and third one is tissue remodeling. There-
fore, wound healing studies are extensively studied to develop techniques that can achieve maxi-
mum recovery with minimum scar. Several growth hormones and cytokines secreted at the wound
site tightly regulate wound healing processes. The traditional approach for wound management has
been represented by topical treatments. Metal nanoparticles (e.g., silver, gold, zinc) are increasingly
being employed in dermatology due to their favorable effects on wound healing, as well as in treat-
ing and preventing bacterial infections. The development of wound dressings materials has now
been used to overcome the issues of external environments. The impregnated nanomaterials have
provided moist environment that removes the exudates and avoid maceration. This review high-
lights the mechanism and focus on the current advancement of various nanoparticles impregnation
material for wound healing process that can protect wound from infection and maintain the opti-
mum exchange of gases.
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1. Introduction

A wound is described as any disruption in the anatomic structures, function, or any break
in the continuity of the skin [1,2]. The term "wound" refers to the destruction of biological
tissues such as the skin, mucosal membranes, and organ tissues. Cuts, scares, and
scratches are common, and the skin loses morphological traits and functions in the dam-
aged region. There are two methods for measuring and analyzing the wound's range: in-
vasive and non-invasive. There are non-invasive techniques available for assessing the
maximum length, tissue viability, surface area, wound perimeter, volume, width param-
eters, volume, and amount of weakening. Invasive techniques evaluate the wound range
in terms of tissue levels from the wound's surface to the wound's depth [1]. Additional
aspects that may offer evidence of the wound's genesis, etiology, and condition include
inflammation, edema, repetitive trauma, blood flow, oxygen, infection, innervations, prior
injury management, systematic factors, wound metabolism, nutrition, and prior injury
management [3]. Wounds are sometimes called as "silent epidemics" because if they are
not treated, they can result in the loss of limbs, legs, or even death [4]. Postoperative sur-
gical wounds account for 13% of all wounds in the community, according to a recent study
of five acute hospital and community NHS (National Health Service) trusts [5]. In the
United Kingdom, the National Health Service (NHS) treated 2.2 million people with
wounds in 2012/2013, accounting for 4.5 percent of the adult population [6]. The NHS
expects wound care and accompanying co-morbidities to cost £53 billion per year. In 2013,
this amounted to 4% of total public health expenditure in the United Kingdom (£125
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billion). The wounds may remain open for months as in case of diabetic foot, giving pa-
tient’s agony, concern, and discomfort, as well as financial hardship [6]. The Centers for
Disease Control and Prevention (CDC) advice people to examine their wounds every 24
hours. This includes taking off the bandages and checking the wounds for signs of infec-
tion. After disinfecting and drying the wound, a clean adhesive bandage or Band-Aid
should be placed. Chronic wounds are defined as those that do not heal on time and in a
systematic way to re-establish anatomical and functional stability [7,8]. Many scientists
predict that a wound takes 6-8 weeks to heal, even though chronic wounds need more
than 8 weeks to heal. Under wound infection, the presence of a foreign pathogen, pro-
longed irritation, trauma, and ischemia are some of the causes of chronic wound healing
[9,10]. Chronic wounds do not heal in a progressive fashion. Hypoxia, pH shift, and bac-
terial colonization are only a few of the pathophysiologic variables that have slowed
wound healing. As chronic wounds and significant burns demand surgical intervention,
they are both costly and time-consuming to cure. The healthcare system is put under a lot
of burden because of poor wound healing. Over $ 25 billion is spent yearly in the United
States on wound care, and 4.5 million individuals are infected with chronic wounds [11],
which are on the rise owing to obesity and diabetes [12,13]. Because of the severity of the
damage, treating the burn wound is challenging, as over 40,000 burn patients are hospi-
talized each year, with 4000 of them dying because of this injury [14]. Chronic wound
affects around 1% of the European population and have a detrimental influence on the
affected individual's quality of life, and chronic wound care consumes nearly 2% of the
health budget. The various factors directly or indirectly responsible for chronic wound
development are shown in Fig.1 [15].

= Trauma = Venous leg ulcer
Burn Surgical wound
= Diabetic foot ulcer = Post infection ulcer

Fig.1. Pie chart representation on percentage of wound resources.

There are many bacteria that operate as microbiota and perform a positive role in limiting
the growth of other germs. However, once they reach the infection site, they disrupt the
healing process and create biofilms [16]. Methicillin-resistant Staphylococcus aureus
(MRSA) and S. aureus are the most prevalent bacteria that impair wound healing in the
early stages, whereas Escherichia coli and Pseudomonas aeruginosa infect the deeper layers
of the skin [17]. Chronic wounds include a variety of microorganisms due to their syner-
gistic bacterial growth [18]. The resources are being shared consequently among the mi-
crobes that support each other's proliferation, due to which S. aureus and P. aeruginosa
grows on multiple wounds at the same time [16]. Wound healing is a complicated, care-
fully controlled process that involves the regeneration, reformation, and repair of injured
tissues [19], all of which are necessary for the skin's barrier function to be maintained.
Homeostasis, inflammation, proliferation, and remodeling are the four phages required
for wound healing. Homeostasis is the initial step, which begins with damage. The healing
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cascade begins when torn collagen meets platelets, leading in the deposition of platelets
and coagulating chemicals that form fibrin clots and eventually arrest bleeding at the
wound sites. The inflammatory phase, starts by ensuring that thrombosis form inflamma-
tory cells called platelets, which produce signals called cytokines or growth factors, which
also reach damage sites and serve two major functions- first, cytokines detect and remove
pathogens from injury, and second, cytokines segregate the cell that is in the proliferation
phase [20]. The proliferation phase, which can last up to two weeks, is the third stage.
When granulation tissues start to cover the wound, this phase begins. Stem cells and fi-
broblasts are important components in this phase, since they release inflammatory medi-
ators, collagen, preserves inflammatory deposits, and move to the damaged region
[21,22]. Remodeling will be the third step, which might take at least two years. This phase
oversees repairing the structure and function of the tissue [20]. Necrotic tissue, microbial
contamination, foreign particle entrapment, and co-morbidities are all external and inter-
nal factors that contribute towards wound healing (e.g. in the case of diabetes mellitus).
2. Wound infection development and its progression

All skin injuries or illnesses induced by trauma or therapeutic treatments are referred to
as wounds. Open wounds and closed wounds are the two types of wounds created by
cutting, hitting, or burning [23]. Open wounds are commonly associated with bleeding
and the rupturing of skin layers [24-27]. Closed wounds are produced by bruises, dead
blood, or impacts. Based on their clinical features, wound is classified into acute or chronic.
Burns, cuts, and surgical incisions generate acute wounds, which need 8-12 weeks to heal
[26]. Tumors, bed wounds, and diabetic wounds cause chronic wounds by causing pro-
longed inflammation and a lengthier healing period. There are four types of wound based
on their cleanliness-: class 1, class 2, class 3, and class 4 [8]. While bacteria are naturally
present in the skin and wounds, 105 bacteria have been identified as the essential threshold
between colonization and clinically significant illness [28]. Bacteria can enter the underly-
ing tissues of injured skin, triggering inflammation and the production of proteases and
reactive oxygen species by inflammatory cells [16,29]. Bacterial endotoxins raise cytokine
levels while lowering growth factor production and collagen synthesis [30]. The infection
can then advance from contamination to colonization, which is inhibited by biofilm for-
mation [31]. Biofilms were found in 60% of chronic wound biopsy samples and 6% of acute
wound biopsy samples [29]. In infected wounds, Bessa et al. [32] detected bacterial infec-
tions as well as treatment resistance profiles. The researchers gathered 312 wound swab
samples from 213 persons suffering from various sorts of wounds and 28 species were
isolated. S. aureus, P. aeruginosa, P. mirabilis, E. coli and Corynebacterium spp. were the most
often found in bacterial species [32]. P. aeruginosa possesses a variety of resistance mecha-
nisms that reduce permeability, synthesizes antibiotic-inactivating enzymes and change
target proteins [33]. The most common cause of drug resistance is the use of unsuitable
antibiotics and irrational antibiotic treatment [34]. Some common type of wounds infec-
tions and their preventive measures has been discussed in the Table 1.
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Table 1. The description of some common wounds and its traditional treatments

Causative bacte- | Wound Diseases/Infections | Preventive measures Drugs References
ria types associated
Staphylococcus Acute Abscesses (boil), Maintaining good hygienic and regular and | Penicillin | [35]
aureus wound Furuncles, frequent hand washing
Cellulitis
Escherichia coli Clinical Cholecystitis, bacte- Wash hands before handling, serving, or | Erythro- [36]
wound remia, Cholangitis, ea’fmg food, a.nd .espeo.:lally aft.er touching mycin,
animals, working in animal environments Amoxicil-
Urinary tract infec- lin,
tion (UTT) Vancomy-
cin and
Tetracy-
cline.
Pseudomonas aeru- | Open Pneumonia,  Uri- | 1% acetic acid is a simple, safe, and effective | Ciproflox- | [37]
ginosa wound nary tract infections | topical antiseptic that can be used in the | acin and
(UTIs) elimination of P. aeruginosa from | Tobramy-
chronic infected wounds cin
Klebsiellia pneumo- | Chronic Urinary tract infec- | Strict adherence to hand hygiene and wear- | Mero- [38]
nia wound tion ing gowns and gloves penem
and  Ce-
fropera-
zone.
Streptococcus pyo- | Acute Strep throat, phar- | Wash hands before handling, serving, or | Ben- [39]
gens wound yngitis, scarlet fever | eating food zathine
(rash), impetigo, and Peni-
cellulitis, or erysipe- cillin
las.
Proteus species Surgical Urinary tract infec- | Minimizing the incidence of infection using | Ofloxacin | [40]
acute tions urinary catheterization and using high spec- | and
trum antibiotics Ciproflox-
acin
Enterococcus  fae- | Surgical Bacteremia, = UTI, | Practicing good hygiene and intense antibi- | Ampicillin | [41]
calis wound catheter-related in- | otics
fections, pelvic in-
fections.

3. Traditional wound healing approach

Wound healing is the process of a wound on the skin healing. The healing wound is the
outer manifestation of a complex series of cellular and metabolic processes aimed to re-
storing tissue integrity and functional capabilities following injury [42]. Homeostasis, in-
flammation, proliferation and remodeling are the four phases of traditional wound heal-
ing. Homeostasis is the body's first response to an injury, occurring near the injury site to
prevent bleeding and minimize damage. Platelets, which are also known as inflammatory
cells, are the first cells to arrive at a lesion site. They are activated by the breakdown of
collagens and the production of thrombin, which initiates the coagulation cascade, which
results in the formation of a fibrin clot at the damage site. Platelets also activate the com-
plement system, which leads to the synthesis of platelet-derived growth factors (PDGF),
transforming growth factors (TGF), interleukin, and insulin growth factors. Platelets also
form a cluster in the event of an injury, which prevents blood flow. By interacting with
fibroblasts, connective tissue cells that deposit collagen and prevent bleeding and platelet-
derived growth factors (PDGF) increase vascularization [43]. The inflammatory phase lasts
six days and begins immediately after the damage is caused [44]. After 24-48 hours, the
wound site produces numerous vasoactive mediators and chemotactic factors and mast
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cells release enzyme, histamine, and other active amines, resulting in an inflammatory re-
sponse. Neutrophils are the first cells to arrive at the injury site, attaching to endothelial
cells within 24 hours and becoming active. Pathogens, foreign substances, and dead cells
are all phagocytized by neutrophils. Endothelial cells adhere to the injury and release cell
adhesion molecules (CAMs) which function as hooks, and more neutrophils attach onto
the endothelial cell surface and push against permeable cell connections via mast cell me-
diators [45,46] and triggering the inflammatory cell response. In roughly two days, mono-
cytes and lymphocytes migrate to the site of the injury and transform into macrophages,
removing necrotic tissue and pathogens and starting the formation of granulation tissue
[47]. Macrophages produce a protease inhibitor, which helps them to release neutrophils
[48] as well as growth factors including TGF, PDGF, Tumor necrosis factor, TNF, and cy-
tokines, which are required for fibroblast, smooth muscle cell, and endothelial cell prolif-
eration and ECM (extracellular macromolecules and minerals), deposition [49]. The prolif-
erative phase begins with the repair of injured tissues and the initiation of angiogenesis
through ECM synthesis. This stage lasts for around 2-3 days following the injury and con-
tinues until the wound heals. Fibroblasts and endothelial cells are the primary cells at this
stage. Angiogenesis, which is required for the production of granulation tissue, is stimu-
lated by vascular endothelial growth factors A (VEGF-A), FGF-2, PDGF, and TGF. Inflam-
matory cytokines like IL-1 and TNF-a cause fibroblasts to release growth factors like EGF,
KGF, and HGF, which attract keratinocytes to the wound bed and cause granulation tissue
to develop [50]. From wound borders and skin appendages, basal keratinocytes move to
the injured area, proliferate, differentiate, and eventually form a covering over the wound.
Wound contraction occurs when the wound edges are pulled together by fibroblasts in the
wound bed to seal the wound [51]. The final stage is maturation and reconstruction, which
begin three days after the damage and can extend up to two years. Endothelial cells, myo-
fibroblasts, and macrophages are all killed or removed from the wound [50]. Small capil-
laries combine to generate bigger blood vessels and wound-healing metabolic activity de-
creases. The bulk of the ECM in a damaged area is made up of collagen and other ECM
proteins. Fibroblasts generate the lysyl oxidases which realigns collagen into an organized
network, increasing tensile strength about 80% of normal tissue. Matrix metalloproteinase
(MMPs) which are secreted by fibroblasts and other cells, control the collagen formation
[52-54]. MMPs help wound healing by rebuilding and degrading the ECM (Fig.2).
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Fig.2. A practical approach for chronic wound healing and outcomes.

4. Nanotechnology and wound healing

Nanotechnology is a rapidly expanding discipline that combines material science and en-
gineering. It deals with the understanding and control of matter at dimensions between
1-100nm. Nanoparticles have distinct qualities like as physicochemical, optical, and bio-
logical properties that may be employed for a variety of applications. They can be differ-
entiated or classified according to the size, morphology, physical and chemical properties.
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Metals, polymers, polysaccharides, and plant-derived bioactive compounds can be chem-
ically formed into nanoparticles that can be combined with active drugs and used against
human pathogens such as bacteria and viruses, as well as used to treat various anatomical
and physiological conditions such as cancer, hemophilia, stroke, blood disorder, and so
on [55,56]. The utilization of nanotechnology materials is one of the most promising ap-
proaches for the invention of antibacterial agents and development of wound dressings
[57]. Nanoparticles include things like nano capsules, solid lipid nanoparticles (SLNs),
and nanospheres. Nanospheres are made up of various biodegradable polymers such as
poly lactic-co-glycolic acid (PLGA), poly(lactide) (PLA) and natural polymers like algi-
nate, chitosan and gelatin-based colloidal systems used for the delivery of protein and
peptides important in wound healing. Some of the nanosphere have low loading ability
due to high poly-dispersity and variable size [58]. Biopolymers containing lipidic/lipo-
philic components are used to make nano capsules. They have the potential to penetrate
deeper into the skin. The topical delivery of protein into cells is accomplished using
Nanostructure Lipid Carriers (NLCs). NLCs such as liposome, solid lipid nanoparticles
and ethosomes are ideal drug delivery systems with advantages of biodegradation and
nanotoxicity [59]. They have precise target identification, which increases their efficacy
while decreasing adverse effects. Since ancient times, elements such as silver, gold, cop-
per, zinc, and titanium have shown to be more beneficial than others in the treatment of
many human conditions. Metal nanoparticles are antibacterial and have a low skin inva-
sion force and are transparent after application. Furthermore, physicochemical, and bio-
logical applications should be enhanced. As a result, metals, and metal oxides such as zinc
and gold nanoparticles are utilized. They have toxicity that is proportional to their size;
therefore, their synthesis may be managed [60,61]. Many scientists have raised awareness
regarding nanoparticles and how they might be employed in medication delivery, diag-
nostics and imaging, biosensors, and cosmetics [62]. Only a few examples of specific mo-
lecular nanomaterials include fullerene, quantum dots, liposome, carbon nanotubes, den-
drimers, graphenes, titanium oxide, iron, gold, and silver nanoparticles. The dressing ma-
terial offers a moist environment that promotes healthy healing. Nowadays, wound dress-
ing materials such as bioactive dressings including sponges, foams, wafers, hydrogels,
films, membranes, and nanofibers are used which are designed from the natural and syn-
thetic polymers such as chitosan, cellulose, pectin and elastin.. The most frequent antibi-
otics used in dressing are tetracycline, quinolones, aminoglycosides, and cephalosporin
[16,63]. Nano-composite materials are formed when nanoparticles are encapsulated in bi-
omaterial and scaffold, which can improve wound healing through antimicrobial activity,
pro-angiogenic properties, and acting as gene delivery vectors that change intracellular
gene expression and protein synthesis that is used in healing. Furthermore, they can have
an impact on healing by influencing collagen deposition and realignment. The combina-
tion of bioactive chemicals and antibacterial wound dressing has shown to be effective
treatment for wound therapy in recent years. This bioactive chemical is utilized in the
dressing material for the treatment of chronic wounds or non-healing wounds. The en-
zymes associated with wound such as hydrolysates are generally found in exudates and
wound fluid, releases bioactive substances, but it's less efficient since the material is
quickly absorbed by the wound exudates [64]. With recent research in nanotechnology,
electrospinning functions as a flexible approach for creating nano-fibres for usage in bio-
medical applications. Because of its huge surface area, porosity, strong cell adhesion, and
multi drug encapsulating capabilities, electrospum nano fibres are used in wound healing
and drug delivery systems [65].

Nanofiber scaffolds are artificial extracellular metrices which provide natural environ-
ment for tissue formation. They offer several wound cares uses, including excellent ab-
sorption of wound exudates, bacterial infection prevention, and gas permeability. It
changes the cell's behavior by stimulating cell adhesion, migration, and secretion of
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related biomolecules from the matrix as well as providing mechanical and biological stim-
uli [66,67]. Tissue reformation requires a deep understanding of cell activity to develop
nanofibrous scaffolds. Cell adhesion, orientation, and cytoskeletal condensation may all
be affected by changes in the nanoscale topography of the scaffolds, as well as modulation
of the signaling system, which can activate transcriptional activity and gene expression.
Polymers are utilized in the production of wound healing scaffolds and because for their
unique physiochemical and biological properties, can be utilized as nanoparticles carriers
for the regulated and sustained administration of wound care treatments. The type of pol-
ymer utilized is decided by the severity of the wound, type of wound, depth of infection,
and stage of healing. Hydrophilic polymers, which create the porous, swell able dressing
and inhibit excess fluid flow, are typically utilized for severely exuding wounds [68]. The
mechanical strength and bio-functionality of the scaffold are improved when polymeric
nanofibers are combined with nanoparticles [69]. Carbon nanotube (CNTs) are cylindrical
large molecules consisting of a hexagonal arrangement of hybridized carbon atoms. Their
impregnation with nanoparticles improves the mechanical strength and electrical conduc-
tivity of the scaffolds [70,71]. Furthermore, proteolytic enzymes embedded in a synthetic
scaffold work well as a wound debridement dressing [72]. The proper distribution of hor-
mones from entrapped nanofibers accelerates wound healing and seals the lesion via skin
cell migration and proliferation [73]. The utilization of nanofibrous scaffolds in tissue re-
generation has been established through biocompatibility experiments with various cell
types. These electrospun scaffolds' reported nano topographical features promote cell ad-
hesion, proliferation, migration, and differentiation, suggesting the scaffolds' tunability.
Because traditional dressing materials lack appropriate physicochemical properties and
have a specific biological reaction, nanotechnology improves wound dressing material,
which is required for wound treatment [74]. Nanoparticles are modified materials utilized
in medicine, engineering, and electronics at the nanoscale level [75].

It is possible to plan to use them during the healing period to improve wound healing
[74]. Today, silver (Ag)-based dressing products such as Ag-alginates, Ag-collagen prep-
aration, Ag-hydrogel, Ag-hydrocolloids, Ag-fabrics, Ag cream and powder are employed
[76]. When compared to standard dressing materials such as paraffin gauze dressing, Acti-
coat uses a nanocrystalline Ag that shows a considerable reduction in the timing of wound
healing for severe partial thick burns in humans [77]. However, as compared to typical
Ag dressings such as sulfadiazine cream, Silver nanoparticle (AgNPs) -based dressing
material produces better outcomes [78]. AgNPs combined with hydrogel form a nano-
composite with antibacterial and cytocompatibility characteristics that is frequently em-
ployed in wound dressing materials. In addition to AgNPs, many nanoparticles such as
copper, graphene oxides, titanium oxides, fibrin, polycatonic NPs, and zinc oxide, among
others and have an antibacterial characteristics and are employed in the wound healing
process when combined with biocompatible scaffolds [79-85]. Antimicrobial properties of
graphene-based nanoparticles promote wound healing [86-88]. Furthermore, these nano-
particles can be employed in the distribution of growth factors as well as to boost the
bioactivity of the material and increase angiogenesis [89,90].
5. Role of nanoparticles in wound healing
The treatment of wounds necessitates wound care. Wound dressing materials can be made
from any biomaterial that has been combined with nanoparticles. Nanotechnology has the
potential to bring up a wide variety medical reform approach. By altering active substance
transport, penetrability, and cellular responses, nanoparticles size and shape impact bio-
logical efficiency [91-93]. Nanomaterials are now becoming very often used in modern
health and nanotechnology. Nanoparticles, nanocarriers, nanoemulsion, nanosphere,
nanocapsules, and nanocolloids are some of the nanomaterials used for tissue regenera-
tion[81]. Nanoparticles (NPs) are commonly utilized in wound therapy and come in two
varieties: (1) Nanoparticles have wound-healing properties by their very nature. (2)
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Metallic nanomaterials and nonmetallic nanoparticles are used to deliver medicinal medi-
cations. Because of their unique antimicrobial properties and high penetration into the
skin, silver, gold, and zinc compounds are the most researched metallic nanoparticles [94].
The mechanism of effectivity comprises the disrupting of cell membrane, interactions with
proteins, inactivation of respiratory enzyme and DNA modifications (Fig. 3) [76].
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5.1. Silver nanoparticles (AgNPs)

Silver has a bactericidal component that is commonly used to treat wound infection, burns,
and different ulcers. Chronic non-healing lesions are treated with silver nitrate. Silver-
coated wound dressings, which aid in the healing process, are now available in a variety
of styles. AgNPs are more hazardous at lower concentrations because their surface-to-vol-
ume ratio is higher. Pure silver nanoparticles can control the release of anti-inflammatory
cytokines, allowing for faster wound healing without scarring [95]. By stimulating myofi-
broblast differentiation from normal fibroblasts, AgNPs aid to reduce the size of the
wound and speed up the healing process. AgNPs also enhance epidermal re-epithelializa-
tion by stimulating keratinocyte proliferation and migration [96]. Szmyd et al. discovered
that larger concentrations of AgNPs affect keratinocyte metabolism, migration, sur-
vival, and differentiation by activating caspases 3 and 7 (proteases implicated in pro-
grammed cell death) and causing dose-dependent DNA damage. AgNPs with tetracycline
decreased bacterial load in the superficial and deep tissue layers of a mouse model, result-
ing in quicker wound healing [97]. AgNPs may now be used with antibacterial medicines
or dressings to treat infected wounds more effectively. For example, biocellulose coupled
with AgNPs worked as an antibacterial covering for open wounds, with strong keratino-
cyte adhesion and proliferation around the wound margins. This nanomaterial has a high
bacterial killing efficacy against Gram negative pathogens and has been shown to acceler-
ate wound healing [98]. When AgNPs and collagen are combined, they have a powerful
antibacterial action and may be used as a wound dressing component [99,100]. AgNPs are
used to prevent infection in medical equipment, burn ointments, and pressure ulcer
wound dressings [101]. AgNPs are utilized to destroy bacteria, fungus, viruses, and pro-
tozoa due to their antibacterial properties [102]. AgNPs disrupt quorum sensing, reducing
biofilm development and bacterial clearance of hazardous substances [103,104]. AgNPs
were reported to lower oxidative stress, inhibit inflammatory cytokines, and improve heal-
ing in a recent in vitro study using dermal fibroblasts and human keratinocytes [105].
AgNPs were shown to lower neutrophil and interleukin (IL)-6 levels in mice burn wounds,
which were linked to high levels of TGF, IL-10, interferon gamma, and vascular endothelial
growth factor.
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AgNPs, according to the findings, aid in the removal of bacteria from the wound site and
speed up the healing process. In another study, AgNPs coupled with poly(Dopamine
Methacrylamide-co-methyl methaacrylate) (MADO) nanofiber wound dressing therapy
resulting in full wound healing with the synthesis of epidermis on the wound area within
two weeks, compared to AgNPs individually, which result in partial wound healing or
required a long time to heal the wound [106-108] . Zhou et al. created silver-silver chloride
nanoparticles integrated in reduced graphene oxide (Ag/AgCl/rGO nanomaterial) that
produced silver ions when exposed to acceptable environmental conditions [90]. More ox-
ygen radicals, also known as oxidative free radicals, are produced by Ag/AgCl/rGO nano-
particles, which are efficient against both gram-positive and gram-negative bacteria. Y.C.
Yeh and colleagues discovered that the Ag/AgCl/rGO nanomaterial improved wound
healing with fast wound closure in mice burn wounds by improving reepithelialization
and boosting collagen fiber deposition [108]. Lu et al. [109] observed that inorganic parti-
cles like silica are persistently bound to open wounds in animals. The novel chemical gen-
erated exhibits outstanding antibacterial characteristics while being less damaging to cells
due to the disulphide connection between AgNPs and mesoporous silica nanoparticles.
AgNPs have a huge surface area, which helps them to fight against germs. AgNPs adhere
to the bacterial cell membrane before penetrating the cells, where they bind with proteins
containing sulphur and phosphorous groups, as well as DNA [110]. AgNPs observed pen-
etrating bacterial cells would transform into a low molecular region in the bacteria's centre,
hiding and shielding the cellular DNA from silver ions. The nanoparticles initially released
silver ions in the centers of the bacterial cells, displaying and expanding their bactericidal
effect. The nanoparticles are designed to disrupt the respiratory chain, leading the cell to
die [111].

5.2. Gold nanoparticles (AuNPs)

Biocompatible AuNPs help in tissue remodeling, therapeutic delivery systems, and wound
healing. Growth factors, peptides, polysaccharides, and cell adhesion molecules may all
be combined with AuNPs, which are attached to the gold surface. These AuNPs modifica-
tions have two properties that help in wound healing: biocompatibility and biodegrada-
bility. Chitosan and gelatin, in addition to AuNPs, have been utilized to assist wound heal-
ing [112-114]. Antibacterial drugs and other types of nanoparticles are combined with gold
to boost their ability to kill microbes. When vancomycin is coupled with gold nanoparti-
cles, for example, the action of vancomycin is enhanced against E. coli [36].Gold nanopar-
ticles are coupled with pathogen-specific antibodies [111] and photosensitizing chemicals
[115] to induce antibacterial activity in photothermal and photodynamic treatment. AuNPs
adhere to bacterial DNA or target the bacterial cell wall directly by inhibiting the double
helix from twisting during replication and transcription and demonstrating bacteriostatic
and bactericidal actions. As a result, multidrug-resistant bacteria like S. aureus and P. aeru-
ginosa can be controlled. According to Lu et al. [115] low dosage of gold nanoparticle can
stimulate keratinocyte proliferation and differentiation, while higher amounts are linked
to cytotoxicity. Marza et al. [116] studied the effects of AuNPs mixed with vaseline on basic
fibroblast growth factor (BFGF) for period of 14 days at different vaseline concentrations.
This chemical, according to his studies, stimulates angiogenesis and fibroblast prolifera-
tion, as well as improves wound healing in 18% of cases without causing cell toxicity [116].
According to a recent ex vivo research, AuNDPs are transdermally active and useful in the
treatment of burns by speeding healing and inhibiting microbial development [117]. The
wound healing mechanism of AuNPs is improved when they are combined with polymers
or stem cells [118,119]. Chitosan-AuNPs significantly increased the capacity of AuNPs to
scavenge free radicals while also increasing their biocompatibility. In addition, poly-
cationic chitosan is required for the production of AuNPs. In a rat surgical wound model
study, chitosan-AuNPs significantly improved homeostasis, enhanced epithelial tissue
formation, and quicker wound healing and closure when compared to regular tegaderm
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dressings or chitosan dressing individually. AuNPs were combined with freeze-dried hu-
man fibroblasts (HFC-AuNP) and given topically to burn wounds in rats in a separate in
vitro investigation. Wounds treated with HFC-AuNP healed more quickly and had a
shorter inflammatory period. Antibacterial activity of AuNPs has been demonstrated in
two methods. To begin with, when AuNPs invade bacterial cells, they impair the enzyme
ATP synthase, causing ATP levels to drop and cell death to occur. Second, when AuNPs
cause cell death in drug-resistant bacteria by processes that is not dependent on ROS [120].
5.3. Zinc oxide (ZnO) nanoparticles

Inorganic antibacterial agents like ZnO are more stable than organic antibacterial agents.
Zinc is a chemical substance that may be found in living tissue for such a long time and
therefore is essential during wound and burn treatment. Zinc topical use was developed
to decrease pain, enhance re-epithelialization or inhibit bacterial growth in chronic
wounds. Zinc is a necessary cofactor for metalloproteinase and for extracellular matrix and
minerals (ECM). ZnO nanoparticles are commonly utilized in cosmetics, skin creams, and
ointments because of their antibacterial, anti-inflammatory, and antiseptic qualities [121-
123].The structure or amount of ZnO nanoparticles have an impact on wound healing. Be-
cause of its small size and high surface-to-volume ratio, ZnO has improved antibacterial
activity. Whenever ZnO is combined with chitosan hydrogel, it possesses powerful anti-
bacterial characteristics, making it an excellent component for wound dressings [124]. ZnO
nanoparticles may be synthesized as a biocompatible polymer that is effective at low con-
centrations. Zinc is also involved in wound healing by regulating keratinocyte migration
and autophagocytosis. ZnO uses a biphasic technique to release Zn ions from nanomateri-
als. Zn ions quickly hydrate and generate hydrated ZnO, which kills bacteria when they
come into contact with biological fluids [125].

6. Impregnated dressing nanomaterial

Various materials have been used to stop bleeding, absorb exudates, and promote healing
since ancient times. Honey, cobwebs, dirt, leaves, animal grease, fat, and animal feces were
among the various materials [126]. When selecting the ideal dressing, there are four crucial
elements to consider. The wound must be hydrated first and foremost if it is dry or dried.
If a wound's exudates are overly generated, it has to be absorbed. The wound must be
debrided if it contains necrotic tissue or visible debris. Antibiotics must also be taken if a
wound becomes infected. A large variety of wound healing products are currently regu-
lated by the US Food and Drug Administration to be used in the US. There are three sorts
of dressings: passive, medicated, and active interactive [127]. Wound dressings including
drugs are categorized as pharmaceutical formulations and assigned to an FDA Centre un-
der the PMOA, which has primary regulatory authority and control over the product [128].
The Integra® Omnigraft™ Dermal Regeneration Matrix is one such dressing (PMA). As
AuNPs have high biocompatibility so it can reduce inflammation and promote granulation
tissue growth while also not being rejected by skin tissues [129]. By inhibiting the respira-
tory routes that maintain keratocytes and fibroblasts active, AgNPs can promote their de-
velopment. It can also suppress the innate immune system, which has been associated to
quicker wound healing and scar formation [130]. Acticoat® would be the first silver nano-
particles wound therapy that comes to market. The use of silver nanoparticles in skin re-
generation was demonstrated in a case of toxic epidermal necrolysis caused by carbamaz-
epine medication, which caused vesiculobullous lesions and degradations on 70% of the
patient's body surface. Instead of using typical antibiotics, a nanosilver dressing (based on
silver nanocrystals) were injected and secured to a skin lesion using microfiber cloths and
crepe gauze. Re-epithilization occurred after five days, and healing occurred after nine
days [131]. Nanoceria (35nm spherical cerium oxide nanoparticles) is another example,
which promotes cell survival, migration, and proliferation while minimizing the risks of
Ultraviolet light exposure mostly on epidermis at low dosages [132]. Metallic nanoparticles
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(20, 40, and 80 nm in size, each circular) promote endothelial cell migration in a size and
dosage dependent manner, whereas keratinocyte and fibroblast cell proliferation happen
at specific locations and ratios. In cultivated fibroblast cells, larger Copper nanoparticles
(CuNPs) (80nm) activate collagens more efficiently than smaller CuNPs (40nm). Copper
nanoparticles have also been found to enhance complete epidermis healing process and
enhance the neovascularization in rat models with no negative effects. At present there are
various dressing materials with low toxicity and improved antimicrobial property which
makes them a perfect candidate for integration with various nanoparticles (Fig.4) [16].
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Fig.4. Ideal wound dressing materials with improved characteristic properties.

This review also focused on summarizing and discussing the role on nano-based dressing
materials as a potential impregnation for wound healing and skin regeneration, with a
special reference on advanced hydrogel, thin film dressing, alginate, hydrocollides, foam
and multilayered dressings (Fig.5) [133].
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Fig.5. Nano functionalized wound dressing bed for skin regeneration

6.1. Advanced hydrogel for wound dressings

Hydrogels are among the most interesting wound management material since they can be
manipulated precisely and can resemble the extracellular matrix and produce a suitable
atmosphere for tissue regeneration, facilitating epithelial cell migration and re-epitheliali-
zation. They are comprised of a three-dimensional chemically bonded polymer structure
that can endure high water pressure while maintaining its structure. This gives it flexibility
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similar to surrounding tissues, as well as oxygen permeability, which inhibits anaerobic
bacteria from growing. Hydrogels also speed up the healing process by promoting home-
ostasis, cell migration, and proliferation [134]. Antimicrobial components have been incor-
porated into a hydrogel dressing. Kumar et al., [81] investigated chitosan hydrogel and
ZnO nanoparticles-based composite wound treatments. Chitosan and ZnO particles anti-
bacterial activity, together with zinc ion release, increased keratinocyte motility in the
wound, promoting epithelialization and healing. Another issue with using hydrogels is
that they dehydrate quickly if not covered properly. Incorporating hygroscopic materials,
on the other hand, might help to prevent dehydration. Depending on the moisture level of
the wound, hydrogels should be replaced every 1-3 days. Nunes et al., [135] created an
efficient approach for the development of wound dressing materials with better proper-
ties, using biodegradable chitosan mixed poly (vinyl alcohol) hydrogels containing incor-
porated silver nanoparticles as an effective antibacterial action. In the presence of E. coli
and S. aureus, the hydrogel dressings showed to be non-cytotoxic and antibacterial. Pres-
sure ulcers offer a unique problem in the care of chronic wounds since the major objective
of therapy is to keep the wound clean while allowing it to heal [135].

6.2. Transparent thin film dressing

A polyurethane-based synthetic wound dressing that is translucent and stretchy. Such
polymeric materials are flexible, permitting the wounded body part to move freely.
Polyurethane films were semi-permeable, enabling oxygen, vapour or carbon dioxide to
flow through while simultaneously functioning as a germ barrier. Furthermore, the
wound bed may be examined to measure wound healing due to the transparency of the
thin film covering. Applying a thin coating of polyurethane to a wound with a high
exudates level, on the other hand, may result in the buildup of bodily fluids and
maceration. As a result, dressings like Opsite™, Tegaderm™, and Biooclusive should be
used on epithelializing wounds, superficial wounds, and shallow wounds with minor
exudates. Film dressings, on the other hand, should be removed with caution because of
the risk of causing damage to the epidermal skin layer. As a result, when film dressings
are used to treat sensitive skin, inappropriate removal may result in skin damage.
Depending on the size and kind of wound, as well as its placement, films could be kept
in place until up to 7 days [136]. Hubner et al., report innovative gelatin-based wound
dressings using glycerol as a plasticizer and various quantities of silver-impregnated
clinoptilolitezeolite [137]. Silver-based compounds were employed as antiseptics because
dressings used within acute and chronic wound management should have antibacterial
characteristics. For this aim, casting was employed to generate films. S. aureus and
human skin infections were resistant to all concentrations of gelatin/clinoptilolite-Ag
films. Electrospinning can also be used to make semipermeable nanofiber-based film
dressings [138-142]. Rivero et al. developed nanofibrous membranes that operate as
smart dressings, delivering drugs whenever an infection develops [138]. Electrospun film
dressing’s releases nitrofurazone when the pH of the environment changes was
successfully generated using polymers with selective solubility at pH values greater than
7. This study proved the importance of nanotechnology in the medical field. Mazloom-
Jalali et al. examined such issues and create biodegradable nanocomposites using
Cephalexin antimicrobial medication and zeolitic imidazolate framework-8 (ZIF-8)
nanoparticles made of chitosan and polyethylene glycol [143]. Such

compounds antibacterial characteristics were proven in tests against a range of bacteria
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(especially B. cereus), and when tested against L929 fibroblast cells, all films exhibited
good cell viability. Semipermeable film wound dressings are a notable advancement in

wound treatment among current wound dressings [144].

6.3. Alginate as dressing material

Alginate is a polysaccharide made up of mannose or guluronic acid molecules found in
nature [145]. Alginate has such a special ability to absorb a lot more water. As results,
whenever applied on injuries, the dressing absorbed fluid and creates a hydrogel, dramat-
ically reducing bacterial activity. Alginate dressings are very beneficial for wounds that
produce a lot of fluid. The calcium ions inside the dressing also showed bioactivity during
wound healing cellular mechanisms, in addition to chemically bonding alginate to gener-
ate stable physical gel [146]. One research compared Kaltostat, a commercially available
nanofibrous dressing, to two alginate-based dressings crosslinked with poly-ethyl-
enimines and ethylene diamine [147]. The bigger pore diameters of alginate dressings (100-
250m) aided with air permeability. They also enhanced wound moisture control, allowing
animals to heal wounds quicker. For very exudative wounds, alginate dressings are the
best option [148]. The dressings help in homeostasis by producing Ca?", which raises coag-
ulation factors in the coagulation cascade [149]. Alginates require a secondary dressing,
which should be changed every one to two weeks or until gel lost all fluidity [150]. Algi-
nate dressings generally soluble and can be removed with salt washing, making them pain-
less to change. Alginates' yellow-brown color and foul odor might be misconstrued as in-
fection. Kaygusuz et al. combined chitosan with cerium ion antibacterial capabilities. Ce-
rium cross-linked alginate-chitosan films were the first to be reported. The samples had
antibacterial activity towards E. coli and S. aureus [151]. Munhoz et al. [152] studied the
antimicrobial capabilities of silver sulfadiazine with the regenerating, biodegradable, and
non-toxic qualities of alginate. Their findings suggested a method for developing novel
active wound dressings that may also serve as effective drug delivery systems [153]. Liang
et al., [154] revealed another approach for manufacturing antibacterial molecules sodium
alginate as a dressing material. Polydopamine silver composite nanospheres were used to
functionalize an oxidized sodium alginate sponge. They demonstrated minimal cytotoxi-
city in cells, high inhibitory efficiency, excellent blood compatibility and excellent homeo-
static performance against S. aureus, P. aeruginosa, and E. coli.

6.4. Hydrocollides dressing

Hydrocolloides are moisture-retentive biopolymer dressings, which contain gel-forming
agents like gelatin, pectin, or carboxymethylcellulose [155,156]. When colloidal materials
are applied topically to wounds, they accumulate excess fluid and form a gel that binds to
the wounds while remaining permeable to oxygen and water. Hydrocolloid dressings can
provide heat insulation as well as a moist environment under working conditions due to
their lack of mechanical stiffness, so they are easy to remove. As a result, hydrocolloid
dressings usually include a thick, impermeable film backing that isolates wounds from
germs and minimizes the risk of infection. Hydrocolloids were hydrophobic and absorbent
and therefore do not require any further treatment [157]. According to current wound heal-
ing theories hydrocolloid dressing appears to have been studied for its possible utility in
neurosurgical wounds [158]. Clinical investigations for wound healing, wound infection
and cost-effectiveness were carried out, with outstanding outcomes in wound healing and
cosmetics.

6.5. Foam dressing
Polyesters and other synthetic polymer foams have more mechanical flexibility than thin
film dressings, allowing the injured body part to move. They also soak more exudates
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[159]. Foams can also help in maintaining a moist wound environment around the wound
bed as well as gas exchange, and both are important for wound healing. Moreover,
foams porous qualities provide cushioning for wounded tissue as well as improved heat
isolation. Foams, in general, are a low-cost, efficient wound dressing that may be used on
a variety of wound. Their high-water consumption, on the other hand, limits their use as
medication delivery devices. Semi permeable dressing foams based on polyurethane have
been widely employed due to their high-water absorption capacity, cost effectiveness
and remarkable mechanical qualities. Polyurethane's limited bioactivity and poor healing
properties, however, limit its use in polyurethane foam dressings in severe wound healing
situations [160,161]. To accomplish so, scientists studied a variety of nanomaterials in
depth. Namviriyachote et al., [160] discovered that changing the quantity of ZnO nano
filler in a foam dressing might boost its antibacterial activity in a recent study published
in 2019. Bio-based thermoplastic polyurethane/ZnO nano composite foams were created
using an induced phase separation approach. Their findings demonstrated that the foam
dressings they received had the necessary morphology to keep the wound/dressing con-
tact in the right environment. In addition, the dressings had a minimal cytotoxic potential
despite being very efficient against both gram-positive and gram-negative germs.

6.6. Multilayer dressing

Multilayered dressings are often made up of a combination of the dressings mentioned
above. Lacerations, burns, abrasions, and surgical wounds are commonly treated with a
mixture of a semi- or non-adherent layer and a waterproof layer made of rayon fabric,
cotton, or other absorbent fibers [162,163]. A mixture of hydrocolloids and alginates was
also used to treat burns, superficial pressure wound and leg ulcers. The foam, hydrogel,
and polyurethane layers were fused together to produce a multilayered dressing for the
treatment of chronic wounds [164,165]. To meet the demands of wound healing, multi-
layered hydrogels with more than two layers are generated by altering the chemical and
physical features of the component biomaterials. The advantages of each constituent are
combined in layered hydrogel wound dressings. By restricting the mass transfer of drug
molecules across the polymeric matrix, multilayer hydrogels with a drug-loaded layer al-
low controlled drug release over a lengthy period [166,167]. LBL was utilized by Weller
and Sussman [168] studied binding of lysozyme with gold nanoparticles on nanofibers,
yielding antibacterial multilayer films. In the microbial inhibition test, the mixed nano-
fibrous sheets demonstrate high antibacterial activity against S. aureus and E. coli, indicat-
ing that they might be used in wound dressing applications. As they promote quicker heal-
ing, multilayer wound dressings have become good options than single-layer wound
dressings [169]. In a recent work, Tamahkar et al., developed a novel multilayer hydrogel
wound dressing constructed of natural polymers for antibiotic release and employed a
water-based technique for optimal wound healing. Multilayer hydrogels were generated
by electrostatic interactions between four polymeric layers using gelatin, hyaluronic
acid, carboxylated polyvinyl alcohol and LBL self-assembly. During a seven-day period,
antibiotics were released from ampicillin-treated multilayer hydrogels. The dressings also
showed antibacterial activity towards oxacillin-sensitive S. aureus but had no harmful ef-
fects upon developed fibroblasts, indicating that they might be used to treat specific path-
ogenic bacteria [167]. In 2020, Shokrollahi et al., [170] developed a new nontoxic multi-
layered nanofibrous dressing by electrospinning PCL nanofibers as its first layer, hybrid-
ized nanofibers of chamomile/carboxyethyl chitosan (CECS)/PVA and PCL as the second
layer and chamomile loaded CECS/PVA as the third layer. Nanofibers created from
wound dressings outperformed commercial wound dressing Ag coatings in terms of anti-
bacterial efficacy. A 20-wt. chamomile-loaded mat with antioxidant, antibacterial, biocom-
patibility, and mechanical qualities should be appropriate for wound healing applications,
according to the findings of this study [170].
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7. Outstanding of molecular science in wound healing

In general, skin has a high potential for restoration, which is governed by the efficient and
well-ordered cellular and molecular processes. Furthermore, a disruption in the normal
healing process can cause chronic wounds like artery ulcers, non-healing surgical
wounds, foot ulcers, and pressure sores [171]. Wound infection, persistence of foreign
particles or microbial proteins, prolonged irritation and shock, and ischemia can all con-
tribute to a delayed recovery. The overexpression and continuous production of interleu-
kins (ILs) and inflammatory cytokines causes an imbalance in important proteases,
growth factors, and cytokines, resulting in excessive degradation, proteolysis, and insuf-
ficient accessibility of crucial receptors, growth factors, and ECM. Many local factors, in-
cluding cytokines, chemokines, proteases, growth factors, and immune cell activity, have
been shown to be influenced by host defense peptides (HDPs). The function of immune
cell in the inflammatory phase is to eradicate intracellular pathogens by generating host
defense peptides, which increase the recruitment of immune cells such neutrophils, mon-
ocytes/macrophages, dendritic cells, and T cells [172]. The LL-37 peptide not only stim-
ulates growth factors like EGF and VEGEF, but it also binds to their receptors[173,174].
Furthermore, high levels of hBD-2 and hBD-3 found at wound sites enhance keratinocyte
migration and proliferation, showing that they play a role in the re-epithelialization of the
healing epithelium [175,176]. Recent research showed that applying topical insulin to a
wound increased the levels of extracellular-signal regulated kinase (ERK) and protein ki-
nase B (Akt) [177]. Increased Akt enhanced angiogenesis through activation of VEGEF sig-
nalling [178,179]. ERK is a component of a phosphorylation pathway that increases gene
transcription and leads to cell [180,181]. Many variables influence macrophage polariza-
tion into appropriate phenotypes during different stages of wound healing, and different
HDPs (such as LL-37) promote polarization to M1 macrophages [182]. In RAW264.7 cells,
Cathelicidin-WA(CWA) can reduce increased levels of interleukin-6 (IL-6), interleukin-1
(IL-1), tumor necrosis factor (INF), and chemokine CCL3 [183]. TLR-4 expression and
phosphorylation of STAT1 and NF- B are suppressed by CWA peptide, which reduces the
activity of pro-inflammatory macrophages while boosting STAT6 phosphorylation and
activating E. coli K88-induced anti-inflammatory macrophages [181]. LL-37 is one of the
most extensively utilized peptides for wounds with poor healing and infections [182-187].
To overcome previously observed limited cellular penetration, new 3D nanofiber scaf-
folds might be used to improve transdermal peptide delivery [182]. In vitro and in vivo,
nanoparticles lipid carriers (NLCs) encapsulating LL-37 and applied topically accelerated
wound healing, re-epithelization, and reduced inflammation[183]. Furthermore, topical
application of LL-37 coated with PLGA nanoparticles accelerated wound closure, re-epi-
thelialization, and wound bed granulation tissue formation [186]. Additionally, increased
IL-6 and VEGF expression controlled the inflammatory wound response, resulting in im-
proved neovascularization [186]. In comparison to LL-37 alone, LL-37-conjugated gold
nanoparticles improved cell migration mediated by phosphorylation of EGFR and ERK1/2
in vivo wound healing activities [188]. IL-6 and VEGF levels were higher in wounds
treated with LL-37-conjugated gold nanoparticles [188]. Chronic diabetic wounds treated
with antimicrobial peptide (LL-37) and coupled with ultra-small gold nanoparticles
(AuNPs) as a gene delivery method facilitated wound closure by covering the wounds
with newly created blood vessels and reducing the bacterial load [187].

8. Conclusion

Almost everyone must deal with an injury which may lead to wound. Most wounds are
cured easily, but some wounds lead to cause major damage to tissue and muscle, for treat-
ment of this kind of wound we need treatment. Such development of lesions leads tom
chronic wound which remains a major challenge as therapies mostly failed to provide fa-
vorable outcome. Nowadays biological and synthetic nanocomposite are used to treat
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various types of inflammatory and infectious infection, also this kind of material are used
for wound healing process. In this study we summarized the current scenario about
wound care and active molecules or medications. The purpose of this review study is to
show the many applications of nanocomposite in wound healing as well as their mecha-
nisms. Nanoparticles- coated dressing material shown outstanding antibacterial activity
and anti-inflammatory activity which help in speedy healing of wound. The optimal
wound dressing should be flexible, strong, porous, and non-adherent to the wound sur-
face. More studies are needed to develop dressings for the treatment of chronic wounds
using large mammalian models. As current commercial dressings don’t meet the needs of
patients with chronic wounds, therefore cost-effective alternative designs containing vari-
ous dressing materials should be developed. In addition to these, novel nanomaterials ca-
pable of controlling all phases of wound healing, as well as self-healing, superior mechan-
ical qualities, and adhesive capabilities into wound dressings to increase their efficacy.
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