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Abstract

Poor wound treatment impacts millions of humans worldwide, increasing deaths and costs. Wounds
have three key complications: (a) a lack of an adequate environment for cell migration, proliferation,
and angiogenesis; (b) microbial infection; and (c) unstable and prolonged inflammation.Regrettably,
contemporary therapeutic treatments have not entirely tackled these basic difficulties and thus have
insufficient medical accomplishment. The incorporation of the extraordinary capabilities of
nanomaterials in wound healing has achieved major successes over the years. Nanomaterials can
promote a variety of cellular and molecular processes that assist in the wound microenvironment
through antibacterial, anti-inflammatory, and angiogenic activities, potentially shifting the
surroundings from nonhealing to healing. The current review focuses on novel techniques, with a
particular focus on recent revolutionary wound healing and infection control tactics based on
nanomaterials, such as nanoparticles, nanocomposites, and scaffolds, which are discussed in depth.
Furthermore, the effectiveness of nanoparticles as carriers for therapeutic compounds in wound-
healing applications has been investigated which provide researchers an up-to-date sources on the use
of nanomaterials and their creative ways that can improve wound-healing uses.

Keywords: wounds caring; zinc oxide nanoparticles (ZnO NPs); gold nanoparticles (Au NPs); sliver

nanoparticle (Ag NPs)

Introduction

The largest organ in the human body is the skin.
Adult skin covers about 2 m* of the body's surface.
The skin serves as a protective layer, separating the
human body from the outside environment [1]. It
serves to moisturize, enhance sensory awareness,
regulate  body
homeostasis, and protect against foreign infections

temperature, maintain humoral
[2]. The skin can withstand the effects of several
external stimuli over time. Ailments were brought on

by injuries or brought on by the breakdown of the

skin's integrity [3]. Burns, surgical incisions,
contusions, scrapes, and scratches brought on by
trauma are the most commonly occurring wounds.
Depending on the severity of the harm, an organism's
self-healing ability causes wounds to recover in three
months. But an unchecked infection turns a short-
lived ailment into a long-lasting one [4]. Chronic
diseases, including vascular dysfunction, obesity, and
diabetes, have been rising significantly, leading to an
increase in individuals with chronic wounds. Diabetes-
related chronic abscesses are 15%—-25% more likely

to occur in diabetic patients [5]. Additionally, several
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contagious skin conditions, such as dermatomyositis,
sporotrichosis, autoimmune skin disorders, malignant
skin tumours, and physical skin illnesses, might make
patients more susceptible to chronic wounds [6]. For
a prolonged period of time, the hypodermic tissue of
chronic and nonhealing wounds is exposed to the
outside environment, putting patients at risk for
osteomyelitis and bleeding, as well as for dying if
their conditions are severe [7]. Chronic infection
lowers patients' quality of life,
financial burden, and creates serious mental and

increases their

psychological difficulties [8].

In medicine, wound healing is always becoming
more complicated, making fresh materials and
methods extremely appealing [9]. The pharmaceutical
and biotechnology industries have undergone a
revolution thanks to significant advancements in
nanotechnology, particularly in nano-chemistry and
nanomanufacturing [10]. their
structure, nanoparticles (with at least one dimension
below 100 nm) exhibit distinctive physicochemical
characteristics, resulting in small size, surface, and
macroscopic quantum tunnelling effects. Recently,

Due to unique

because of their superior adsorption capacity,
antibacterial characteristics, and medication loading,
nanostructures also been have widely used in wound

care [11].

The dressings for wounds serve as temporary skin
substitutes and are crucial for hemostasis, infection
prevention, and wound closure. For many years,
several dressing materials have been investigated. In
the past, skin abnormalities were treated with wound
dressings like gauze and bandages [12]. The model
dressing must mimic the extracellular matrix (ECM)
in a moist environment. It must have antibacterial
and promote cell proliferation and
result, it special
components with exceptional qualities [13]. The
market's high need for such resources has fueled the
expansion of nanomaterial coatings [14]. At the

capabilities

angiogenesis; as a requires

moment, innovative nanomaterial-based bandages
such as hydrogels, nanofibers, and films are widely
used [15-18].

Despite the fact that a rising number of new
nanomaterials have been identified for use in wound
healing, the mechanisms have not been adequately
summarized. In this review, new nanomaterials usage,
putative processes, and potential toxicity for use in
wound healing from a variety of perspectives were

investigated. It was prominently highlight the
limitations of current nanomaterial applications in
medical and mechanistic investigations of wound
healing, as well as remedies and creative research
ideas that might develop into future avenues of

investigation.
The physiological phases of wound Healing

A complex physiological called
regeneration entails the chronological
of many different cell types,
chemokines, and growth hormones. The four standard
phases of the wound-healing process are as follows:

process skin
complex

organization

Hemostasis, inflammation,  proliferation, and

maturation/remodeling.
Phase 1: Hemostasis

Healing begins with hemostasis, or the process of
stopping bleeding as soon as possible after an injury.
Collision between platelets and collagen results in
activation and aggregation. In the first steps of
thrombin's formation, a fibrin mesh forms around the
platelets so they are strengthened and will clot for a
long time [19].

Phase 2: Defensive/inflammatory

A wound bed must be cleared of debris and germs are
killed as part of the process. Defensive/inflammatory
phases begin after this. The second phase involves
white blood cells removing germs and debris from the
wound using neutrophils, for example. Cells in the
wound heal by releasing growth hormones and
proteins, which attract immune system cells and
speed up the process of healing tissue. The edema,
erythema, heat, and pain of this phase typically last
between four and six days [20, 21].

Phase 3: Proliferative

The wound is cleaned in Phase 2, then it moves on to
Phase 3, which is the proliferation phase, where the
wound is filled and covered [22]. The proliferative
phase consists of three distinct phases:

1. Recovering from injury;
2. Margin of wounds contracted;

3. The wound needs to be epithelialized (taken care
of).
New blood vessels and shiny connective tissue are

present in the wound bed at the beginning. In wounds
that are compressed, the wound core becomes pushed

https://www.sciopen.com/journal/2150-5578
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toward the wound margins. Epithelium then emerges
from the wound bed, migration occurs in a leapfrog
pattern across the wound bed, and the wound bed is
covered in three stages. There are differences in the
length of each proliferation phase, but most have a
period of 4-24 days [23].

Phase 4: Maturation/remodeling

Regenerated tissue becomes stronger and more
flexible during the maturation period. Injured tissue
recovers, collagen fibers restructure, the tensile
strength of the tissue increases (though to a limit of
80 percent of the pre-injury strength). It can take
anything between 21 days and 2 years for the
maturation phase to complete [24]. All four phases
appear in Fig.1. The healing can be slowed by both
locally occurring factors, humidity,
infections, and maceration (local factors), as well as
by systemic factors such as age, nutrition, and body
type. If the proper healing environment is provided,
the body heals devitalized tissues in a special way
[25].

such as

The natural treatment of wounds

Today, there are a wide range of options available for
wound care, both traditional and contemporary.
Debriding and dressing the wound traditionally take
place. Different types of dressings are available for
wounds. Dressings are classified into three categories
according traditional

to standard definitions:

dressings, biomaterial-based dressings, and artificial
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ECM remodeling
Formation of scar
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dressings. In addition to traditional dressings, gauzes
or gauze cotton composites are common no adhesive
or adhesive dressings. A cellulose fiber dressing
comes in three forms: allografts, tissue derivatives,
and xenografts. As allografts, body parts such as
scalp tissues and amniotic membranes are commonly
obtained from relatives or cadavers. Clothing made
with collagen or pigskin is an example of xenografts
and tissue derivatives [26]. Dressings made from
artificial materials can come from films, membranes,
foam, gel, composites, or sprays. Natural-source
goods include collagen, cellulose, polyurethanes,
fibrin, alginate-replacement products, chitosan,
hyaluronic acid, carboxymethylcellulose, and gelatin.
In vitro and in vivo studies have shown that
biocompatible and biodegradable synthetic polymers
wound  closure

can by promoting

epithelialization and cell proliferation, migration, and

improve

differentiation.

The use of commercially produced skin substitutes
for the treatment of skin wounds and accidents has
been reported [27]. An extensive review described a
variety of wound-healing dressings. Wound dressings
that can be infused with systemic antibiotics to help
combat bacterial infections [28]. Several advanced
therapies include stem cell/growth factor or gene
combined with tissue

therapy, engineering

(decellularized tissues, hydrogels, bi-layered skin
substitutes,
scaffolds).

and fibroblast/keratinocyte derived

Hyperbaric oxygen therapy, vacuum

# Vasoconstriction
= Aggregation of platelet
# Activation addition

# Thrombus creation

Blood, clot

Blood vessel

Scab

—
z.r"

Phase 2 I -
Inflammatory ]
(hours-days) —
.. I Macrophage
Fibroblast

* Phagocytosis

* Macrophages activation
«Infiltration of

Neutrophils and lymphocytes

\

Fig. 1 Depicts the four stages of normal wound healing.
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compression, negative pressure wound therapy,
ultrasound wound healing devices, electromagnetic
therapy, lasers,

hydrotherapy, and light-emitting

diodes are other types of wound care [29].

Unfortunately, some fundamental issues have not
been resolved by current therapeutic approaches. As a
result, their level of medical success is insufficient.
Significant outcomes have been achieved throughout
history by incorporating the amazing capabilities of
nanomaterials into wound healing. Through
antibacterial, anti-inflammatory, and angiogenic
activities, nanomaterials can activate a variety of
cellular and molecular processes that support the
wound microenvironment and may even shift the
to healing [30].
Figure 2 shows the depicts the stages of used nano
scales on wound healing process.

environment from nonhealing

Treatment improves with nanotechnology

The discovery of nanotechnology has led to the
development of a number of innovative applications,
such as smart materials, the agnostic nanoparticles,
and cutting-edge materials. Nanotechnology-based
wound healing therapies have shown promise in
recent years for treating chronic wounds [31]. The
wound-healing therapy can be divided into two
categories by NMs type. The healing powers of
nanoscale materials or using nanoscale materials as
delivery mechanisms for therapeutic agents have
attracted considerable attention with the aim of
designing effective therapeutic approaches [32]
(Fig. 3). Analysis of the percentage of several NMs
used in treating wounds on the cutaneous surface in
the publications.

Wound healing is highly influenced by the NMs

—-——

I/

I
Phase 1 I
Hemostasis (min.-hours)

L

physicochemical properties. Different NMs and their
potency can have different effects. Biomaterial

properties, size, colloidal stability, surface
functionalization, and surface charge are a few of the
aspects of NMs that can influence wound healing
outcomes [33]. Nanotechnology can be classified into

main kinds depend on the biochemical composition of

the particles: polymers, carbon-based, lipid-
containing, ceramics, metal or metal oxide
nanoparticles (M/M-oxide NPs), and scaffolds

embedded with nanomaterials (Fig. 3). Table 1 Shows
several NMs were used in treatment of wounds and
appears their role in the process.

Treatment improves with metallic and

metallic oxide nanoparticles

Sliver nanoparticle (Ag NPs)

Since silver compounds and ions have powerful
antibacterial characteristics and a broad spectrum of
activity, they have long been used for hygiene and
[25].
containing silver have been used for treating chronic

medicine Many medicinal formulations

wounds due to their antibacterial properties.

Burns were first treated with silver nitrate in 1960,
and sores were first healed with it in the 17th and
18th century. In recent years, there has been a
resurgence of interest in silver due to bacterial
antibiotic resistance and advances in polymer
technology, following a decline in its use after the
introduction of antibiotics in 1940 [26]. As a result,
silver-containing dressings can be purchased from a
wide variety of sources. Despite being less effective
than silver sulfadiazine, silver is still considered
burns, such as

necessary as a treatment for

Phase 2
Remodeling (weeks)

Polymeric NPs; ZnO NPs; CeO, NPs; Fe,O, NPs
Au NPs; Ag NPs; dendrimers;
CNT; liposomes; fullerenes

Fig. 2 Depicts the stages of used nano scales on wound healing process.

https://www.sciopen.com/journal/2150-5578



Nano Biomed. Eng., 2023, 15(4)

429

4 -
> ® Carbon NMs 40%

40 [ m Ceramic NPs

35 + @ Polymer NPs
< 30} “M/M-Oxide NPs
= ..
< 5 ® Lipid
g% 19% 20%
§ 20 I T
— 0,
5 st 14%

10 ¢ 7%

5 F

0

Type of NMS

Fig. 3 The percentage of several NMs used in treating wounds
on the cutaneous surface in the publications.

impregnated bandages or a cream. The end of the
1990s saw a number of manufacturers introduce Ag-
containing dressings to the market. A variety of fibers
and polymer scaffolds are able to be coated or
impregnated with silver by adding silver salts or
nanoparticles [27]. The majority of them contain
antibacterial activity that can effectively fight both
Gram-positive and Gram-negative bacteria. Recently
several studies have examined the mechanism of
action of silver, proving that it has multilayer
antibacterial properties. Anti-microbial properties of
silver have been demonstrated despite minimal
systemic side effects (Table 2). There are no
cytotoxic effects reported on fibroblasts or
keratinocytes; these qualities have been confirmed in
several clinical studies [28-31].

Gold nanoparticles (Au NPs)

therapy because of its chemical stability and ability to
absorb near infrared light. In addition, synthesis of
Au NPs is relatively straightforward [36]. Au NPs
target bacterial cell walls and block DNA from
unraveling to carry out their bactericidal and
bacteriostatic functions [37]. Staphylococcus aureus
and Pseudomonas aeruginosa are good examples of
pathogens that are resistant to the drug. Additionally,
Au NPs act as antioxidants and facilitate the healing
process by inhibiting the formation of reactive
oxygen species [39, 38]. Au NPs showed excellent
ability to help wound healing (Table 3).

Zinc oxide nanoparticles (ZnO NPs)

ZnO NPs are antibacterial agents, since they perforate
a bacterial cell's membrane [40]. The added contact
time means there is more time for keratinocytes to
migrate when included in hydrogel wound dressings
[41]. In recent

hydrogel/ZnO NPs
significant ability to absorb wound exudates, inhibit

studies, microporous chitosan

dressings were also shown
clot formation and possess antibacterial properties

without excessive cytotoxicity (Table 3) [42].

These materials, however, are not suitable for
treating wounds due to their inherent toxicity. The
release of lactate dehydrogenase is linked to higher
concentrations of ZnO NPs, such as research in ref
[43]. In addition, ZnO NPs cause oxidative stress in
keratinocytes by generating reactive oxygen species

The gold nanoparticle is a good candidate for wound and suppressing glutathione peroxidase and
Table 1 Nanomaterial’s role in wound treatment
Nanomaterials Role in Wound Healing Ref.
Essential antibacterial agent; polymer conjugated in scaffold for synergistic antibacterial activity;
Ag NPs L . [25-35]
synergistic effects in nanostructure for gene nano treatment
Au NPs Intrinsic antibacterial agent; nanocarriers for antibiotics to reach target site; synergistic activity in [36-39]
nanocomposite for hyperthermia treatment; effectively used siRNA delivery for gene; nano therapy
BP Mostly used as photo thermal agent for hyperthermia treatment; embedded in hydrogel or as a moldable [40]
platform for wound healing
Chitosan As wound-dressing material; conjugated with metal, metal oxide for synergistic antibacterial and wound-healing [42, 41]
properties; conjugated with other nanomaterials in scaffold formation and antibacterial activity ’
ZnO NPs Intrinsic antibacterial agent for w0u1.1d dre.ssmg; FonjugaFed with polymer in scaffold for [43]
synergic antibacterial activity
CNTs Intrinsic antibacterial agent; photo thermal agent for hyperthermia treatment [44]
Fullerene Intrinsic antibacterial agent [45]
Graphene Conjugated with metal, metal oxide for synergistic antibacterial and wound-healing properties; photo thermal [46]
P agent for hyperthermia treatment; synergistic activity in nanocomposite for gene nano therapy
Iron oxide NPs Synergistic antibacterial activity in scaffold AMF-mediated hyperthermia treatment [47]
Liposomes Primarily used as nano carriers for antibiotics to reach target site [48]
PLGA NPs Nanocarriers for antibiotics to reach Farget site; nanocarriers for NO release at target site [49]
hybrid scaffold material

Silica NPs Nanocarriers for NO release at target site [50]

Notes: BP, black phosphorus; CNTs, carbon nanotubes; NO, nitric oxide; NPs, nanoparticles; PLGA, poly(lactic-co-glycolic acid).

https://www.sciopen.com/journal/2150-5578
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Table 2 Silver nanoparticles-based membrane composites for wound management

Polymer used Method of prepfnratlon of Size Result
nanoparticle (nm)
. Using the thermal reduction Staphylococcus aureus reduction of 99%. Cytotoxicity was not
Bacterial cellulose method (80 °C) 10-30 observed during cell growth. [29]
Chitin Irradiation method 3-13 Efficacious against bacterial infections [30]
Bacterial cellulose Green method (cellulose from 50-150 The product has antibacterial effect against Escherichia Coli and

acetobacterxylinum)

Streptococci spp. [31]

Chitosan, polyvinyl

. Green method (chitosan) 16
alcohol, curcumine

The antioxidant activity is impressive against E. colona, Staphylococcus aureus,

Pseudomonas aeruginosa, and Candida albicans [32]

Chitosan and chitin ~ Green method (Camelia sinensis) ~ 60-150 Good healing activity[33]
Chitosan Chemical method (NaBH,) 15 Bacterial infections are reduced and cell growth is facilitated [35, 34]
Table 3 Wound healing with metal nanoparticles preclinical studies
Nanoparticles Preclinical Procedures Wound Outcome
model
AuNPs Rat Burns Wounq heal%ng with Au NPs Improyed mltocl.londrlal ﬁ..mctlon
with micro current improves tissue repair
As a result of microwave irradiation, Wound healing that is very efficient,
Ag NPs Rat Excision wound Ag NPs are formed from with the possibility of healing
Naringicrenulata leaf extract tropical wounds
Ag NPs coated with Researchers are investigating Ag NPs- A method for reducing inflammation
bacterial cellulose Rat Partial thickness wound BC's antibacterial activities and and promoting healing of scald
(BC) nanofibers cytocompatibility wounds
Copper and zinc NPs Rat Soft t1.s§ue full layer Wounds were either Aseptic or Infected Regeqeratlor} s attrlbut.ed to
excision wound antibacterial properties
. Alginate fibers containing Ag NPs
Ag NPs in Excision wound Studies have been conducted to evaluate the increased fibroblast migration to the

alginate fibers (2 cm)

Rat wound healing effects of Ag NPs alone and
in combination with alginate fibers

wound and increased epidermal
thickness

Severe burns (50%
of total body surface
area (TBSA))

Ag NPs as a dressing Dog

Ag NPs and vacuum-assisted closure
(VAC) dressings were used to

VAC and Ag NPs were effective

o . in treating the do
facilitate wound healing g s

superoxide dismutase genes. ZnO NPs are also known
to cause carcinogenic effects [51].

Treatment improves with nanoparticles non-
metallic

As wound healing continues, NO levels decline as the
healing process progresses. In recent years, it has
emerged as an important component of wound
healing. A new technology known as NO-releasing
nanoparticles was evaluated to see if it influenced
wound healing. Nanoparticles of NO (NO NPs)
helped wounds heal faster.A process known as wound
healing is stimulated by NO NPs, which stimulates
the growth of new blood vessels in the wound site by
stimulating leukocytes and tumor growth factors.
Human dermal fibroblasts migrated and formed
collagen in response to NO NPs treatment. NO-
releasing nanoparticles are clearly capable of
regulating wound healing pleiotropically as well as

speeding it up [52].

As the concentration of NO in the wound area is so
critical, NO-based therapy for long-term wounds has
a number of challenges because it can either

exasperate the lesion or not exasperate it. [53]. By
decreasing collagen formation and wound strength,
down-regulating NO production can delay wound
healing. The inflammatory phase of wound healing
can be unnecessarily prolonged in the presence of
sustained high NO levels, leading to the development
of keloid scars. Creating a stable, reliable, and cheap
system has solved this issue. Using hydrogel-based
nanoparticles (NO NPs), an easily deployable and
topically applicable NO-releasing platform. NO
release rates in physiological concentrations can be
controlled by changing the way nanoparticles are
manufactured, allowing for continuous release of NO
throughout the day for many hours, per dose [54]. As
for application to experimental skin diseases and
abscesses, a study of NO NPs demonstrated that it
was antibacterial against drug-resistant S. aureus and
Acinetobacter baumannii [55].

Treatment improves with nanostructures
made of polymers

Current have been developed to
both

inorganic, in polymers, such as biopolymers that are

approaches

encapsulate nanomaterials, organic and

https://www.sciopen.com/journal/2150-5578
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abundant in nature, or embed them in carriers,
commonly nanostructures [56]. Researches recently
examined several strategies for synthesizing inorganic
nanoparticles as well as organic nanoparticles.
Alternately, the synthesis is carried out through a
variety of hazardous processes that use laser ablation,
pyrolysis,
techniques, and electro-deposition. Scientists have
been experimenting with microbial systems and
plants as a way to create low-cost, energy-efficient,

and ecological approaches [57]. The effectiveness of

lithography, vapor deposition, sol-gel

innovative nanotechnology can be greatly enhanced if
simple preparation procedures are followed. Three
steps are essential in developing formulations for
wound healing: biological
compatibility, assessing antimicrobial activity in

assessing in  Vitro

vitro, and confirming efficacy in vivo [58].

In order to deliver, encapsulate, dissolve, or entrap
a medicine, polymer nanoparticles need to be used.
These goods are manufactured by using natural,
synthetic, and semi-synthetic materials that include
gelatin, albumin, alginate, chitosan, poly(glycolic
acid) and its copolymers, and polyalkylcyanoacrylate.
Among the many advantages of these formulations
high
encapsulation levels, and increased bioavailability

are controlled release, sustained release,
[59]. Numerous approaches have been studied to use
polymeric nanoparticles in wound healing. For
instance, angiogenesis was stimulated (by increased
production) and granulation tissues were produced
(activating epidermal cells and fibroblasts). Excision
models proved this to be true. Tumour necrosis factor
(TNF) levels and wound healing were affected by the

reduction in TNF expression in macrophages [60, 61].
Treatment improves with nano-scaffold

Cutaneous leishmaniasis is one of the deadliest
parasite illnesses, while it is curable rapidly and
leaves no scarring or self-consciousness with the help
of nano-scaffolds. Nano-scaffolds that mimic tissue
characteristics are quickly being adopted in tissue
engineering and regenerative medicine [62]. A
bioactive polymer named chitosan (CS) is well-
known in biomedicine for its antimicrobial properties
and wound healing properties [63, 64]. Studies also
confirmed the effectiveness of fibers made of
polyethylene oxide (PEO), berberine (BBR), and CS
in treating experimental Leishmania major ulcers in
BALB/c mice [65].

Treatment improves with lipid nanoparticles

To improve wound healing, eucalyptus and rosemary
essential oils were combined with nanoparticles of
lipid (solid lipid nanoparticles and nanostructured
lipid carriers (NLC)) [66]. Lipid nanoparticles that
consist of solid lipids like cocoa butter or liquid lipids
like olive oil or sesame oil are created by using
natural lipids. The use of lecithin as a surfactant
stabilized and prevented the aggregation of
nanoparticles. For preparation, the systems were
homogenized at high speed and ultrasonic application
cytocompatibility,
and wound healing

was followed. Bio adhesion,
proliferation augmentation,
abilities of nanoparticles were studied in human
normal dermal fibroblasts. S. aureus and S. pyogenic
were used as reference microbiological strains
[44-47, 67, 68]. In a rat burn model, nanoparticles
tested for their effectiveness,and found:
proliferation, wound healing, and wound healing
capability were observed in NLCs derived from olive
oil and eucalyptus oil. Its antibacterial properties are

were

a result of all of these characteristics. NLC have been
demonstrated to enhance healing processes in vivo
[48-50, 69—72]. In addition to improving wound
healing and antimicrobial properties, olive oil and
eucalyptus oil contain high levels of oleic acid.

The challenges of nanoparticles in healing
wounds

The potential for NPs to promote wound healing is
commendable, and there are many opportunities for
their development in the future. However, it should be
emphasized that undamaged skin does not cover the
wound site. Because NPs used in wound care come
into direct contact with wound tissue, it is essential to
determine their biological safety before usage. Skin
irritability and allergy are the most frequently
mentioned of NPs. For
instance, it has been noted that the surface coatings
and ions produced by carbon nanotubes and nickel
nanotubes might result in skin hypersensitivity.
According to research, transdermal skin contact with
NPs can aggravate psoriasis, skin irritation, and
inflammation. In several investigations, fibroblasts

transdermal toxicities

and keratinocytes exposed to NPs displayed oxidative
stress, autophagy, and programmed cell death. The
form, size, surface charge, stability, and concentration
of NPs determine their toxicity. Therefore, it is
essential to modify the physicochemical features of
new NPs to treat wounds in order to lessen their

https://www.sciopen.com/journal/2150-5578
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toxicity against skin cells. Dermatitis brought on by
NPs is decreased by an increase in NP stability.
Surfactants, metal shells, polymers,
stabilizers can all be utilized [73-76].

and other

In order to lessen skin irritation, low-sensitization
materials must be utilized when coating NPs surfaces.
The idea of cell cancellation has also been suggested
by the claims that NPs cause DNA damage and
decrease gene methylation. However, there is no
conclusive evidence to show that NPs can cause
heritable gene mutations and malignant changes in
skin cells. Furthermore, it is necessary to prove
through future extended exposure studies that the
prolonged exposure of NPs to percutaneous and
epidermal deposition will have dramatic impacts.
However, there is no solid data to support this claim .

Once NPs enter the body, they directly contact
blood cells via damaged blood vessels in lesions and
enter the blood circulation, leading to hemolysis. A
few metal NPs, such as AgNPs and ZnO NPs, have
been shown to cause hemolysis. To overcome the
aforementioned  complication, the  material’s
physicochemical properties can be adjusted, or the
surface of NPs can be wrapped with biologically
active substances, for example, polysaccharides and

phospholipids.
View for the future

Future development of electronic skin monitoring of
inflammatory variables, pH, humidity, and signaling
pathway proteins is possible with the use of this
technology. This will assist the medical professional
in carefully regulating wound care and choosing the
best NPs to the
Following the filling of flaws, wound therapy

according current condition.

requires full functional and visual recovery.

Researchers have successfully used NPs to speed up
wound healing and prevent the formation of scars.

Additionally, nanotechnology holds significant
promise for improving aberrant pigmentation,
paresthesia ~ management, and hair follicle

regeneration. Recently, new ideas for paresthesia
recovery after wound invention and a clever concept
for wound healing have been made possible by the
growth of electronic skin and the coupling of
computer technology and nanotechnology.

Conclusion

The main purpose of this review was to highlight the
advantages of using nanomaterials for the wound-
healing process. It is noteworthy that the unique
physiochemical properties of nanomaterials render
them ideal candidates for wound-healing applications.
The nanomaterial-based wound-healing process also
proved to be more effective than conventional wound
therapy, which is primarily based on dressing.
Nanomaterials can alter one or more wound-healing
phases of the wound-healing process since they
possess antibacterial, anti-inflammatory, and anti-
proliferative properties.

The development of effective NP-based wound
dressings for the detection and treatment of bacteria
has been greatly increased, but there are still many
insurmountable obstacles, such as reproducibility,
stability, that
significantly impede the transition of NPs from a
laboratory experiment to a clinical setting. Animal
studies are typically used to learn how NP-based

toxicity, and histocompatibility,

wound dressings behave in vivo. As a result of the
numerous differences between human and animal
models, it is crucial to discover an alternative method
for preclinical studies.
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