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ABSTRACT

The term wound describes any disturbance in the integrity of the soft tissues caused
by the influence of different chemical, physical, biological, or pathological agents.

Received o Teoruary 2025 They concurrently diminish the structural and functional capacity of a body. They
Accepted: 25 March 2025 are known to be categorized according to their depth, healing process, and etiology

Published online: 26 March 2025 into classes like superficial, partial thickness, full thickness, acute, chronic, surgical,

Key words: traumatic, infectious, chemical, or thermal type wounds. Despite all other chemical
Nanoparticles injuries, acid wounds are more severe as they happen due to exposure to corrosive
Injuries materials, making the affected victims include hydrochloric or sulfuric acid; the
Botanicals severity is dependent on the concentration, time of exposure, and the area of injury.
Antimicrobial activity The occurrence of acid injuries is not common in developed countries where
Healing regulations are strict, but these injuries are still common in India, Bangladesh, and

Pakistan. Systemic conditions such as diabetes mellitus or immune disorders may
also cause chronic wounds. The proper treatment requires proper classification of
the wounds and knowledge of the wound healing process, that involves hemostasis,
inflammation, proliferation, and tissue remodeling. The new developments in
nanotechnology have made a considerable contribution to the management of
wounds. Nano-formulations, including nano-emulsions, nano-gels, silver
nanoparticles and nanofibers, provide controlled, targeted, and sustained therapeutic
delivery. Nano-emulsions improve the solubility and penetration of the drug, nano
gels allow keeping a moist environment and permitting the sustained drug release;
silver nanoparticles have a strong antimicrobial effect, and nanofibers form the
extracellular matrix that supports cell development and tissue repair. Collectively,
these nanotechnologies speed up healing and combine antimicrobial activity,
effective drug release, and tissue regeneration in a controlled and effective way.
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INTRODUCTION

A wound is defined as a breakdown in the continuity of
soft tissue, which may be due to chemical, physical, and
biological factors (Forrest 1983; Barakat-Johnson et al.
2022). Pathological conditions, trauma, and surgery
may also play a key role in the pathogenesis of wounds.
It can disturb the function and structure of the body.
Wounds are classified in many ways depending on the
depth, healing process, and causes (Abazari et al. 2022).

Based on depth, wounds are classified as full thickness,
partial thickness, and superficial wounds (Tan et al.
2022). Based on the healing process, there can be acute
and chronic wounds. Based on causes, it can be
surgical, chemical, traumatic, infectious, or thermal
wounds.

An injury caused by exposure to corrosive acids, like
hydrochloric acid or sulfuric acid, is recognized as an acid
wound (Acehan et al. 2021). Its severity depends upon the
concentration of acid, type, interval of exposure, and body
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part involved. Mild, moderate, and severe acid wounds are
the levels of severity of acid wounds (Brumberg et al.
2021). Globally, the incidence of acid burns in developing
countries is very rare due to the strict regulations and sale
of acid. A significant number of cases have been reported
in India, Bangladesh, and Pakistan (Bj6rnsson and
Bjornsson 2022), or it can develop due to slowly
progressing diseases such as diabetes mellitus or
immunological disease. The techniques for treating
wounds depend upon the classification of the wound,
whether it is classified as open or closed wounds, so it is
important to identify the type of wound for its proper
management (Abazari et al. 2022). Whenever an organism
comes into contact with a wound, there occurs a series of
steps that collectively are known as wound healing, which
is a normal physiological response of the body towards
wounds. These steps include hemostasis, inflammation,
proliferation, and followed by tissue healing (Soliman and
Barreda 2022). The rate of wound healing can depend
upon the age, tissue oxygenation, and certain medications,
and can be affected (Haller et al. 2021)

Types of Wounds

Wounds can be broadly classified into closed and open
wounds (Milne and Penn-Barwell 2023). An open wound
can be identified, which involves the rupture of the
protective body surface, i.e., mucous membrane or skin,
and allows the entry of foreign substances or particles into
the tissue (King et al. 2022). Open wounds further include
various types, which include avulsions, abrasions,
incisions, and puncture wounds (Falanga et al. 2022).
Awvulsion is a type of open wound in which all the layers
of skin are torn off due to trauma (Falanga et al. 2022).
Abrasion is a type of open wound that involves the
scraping of the superficial layer of skin, or in other words,
the epidermis is affected in such a type of open wound
(Sturmer et al. 2024). Incision is another type of open
wound which involves a clean and straight surgical cut
made on the surface of the skin, while a puncture wound
is typically caused by the invasion of pointed objects into
the skin, like a nail or needle (Groenen et al. 2024). A
closed wound is a broader wound which do not break the
skin but affects the internal structure by a direct blow onto
the tissues (Sullivan and Myers 2022). In simple words, it
does not involve the exposure of damaged tissue to the
external environment. Close wounds can be in the form of
crush injuries, contusions, or hematomas (Long et al.
2023). Crush injuries are the compression of two body
parts by two objects; they mostly affect the skin, muscles,
and nerves. On the other hand, contusion is a type of
closed wound in which the capillaries are ruptured due to
blunt forces (Sorroza-Martinez et al. 2025).

Severity of Wound

The severity of the wound depends on some factors like
depth, size, cause, etc (Falanga et al. 2022). Wounds are
generally classified as mild, moderate, and severe
(Bassetti et al. 2024). A mild wound means small
punctures, scrapes, and superficial cuts (LeSueur et al.
2025). They mostly affect the outermost layer of the skin.
It causes less damage and less blood loss. It can be treated
at home by applying simple ointments, antiseptics, and
bandages. Moderate wounds are supposed to be more

serious than mild wounds; they can cause deeper
lacerations, larger abrasions, second-degree burns, or bites
(Wang et al. 2023). These wounds can expand to the
dermis and muscle layers and can bleed moderately and
need medical attention, antibiotics to avoid infection, and
stitches in rare cases. Severe wounds are most critical
because they can cause severe bleeding that can cause
shock, sepsis, muscle, and bone damage (Eriksson et al.
2022). It needs immediate medical assistance. Incidence
of wounds can be defined as the frequency or the rate of
occurrence of new wounds in a certain population over a
given period. The term is widely applied in a
medical/healthcare context to keep track and monitor the
frequency of occurrence of injuries (cuts, ulcers,
lacerations, or surgical wounds) development in patients.
As an illustration, a hospital can record the rate of post-
operative wounds to understand the efficiency of surgical
procedures or hygiene standards (Sinha 2019). In public
health, knowing the rates of wound occurrence may
enable the identification of a group at risk, e.g., people
with diabetes, who have higher risks of getting chronic
wounds because of poor circulation and delayed wound
healing. Likewise, on the battlefield or in disaster areas,
monitoring the occurrence of injuries in the civilian
population or military personnel can help in the planning
of medical assistance and preventive interventions. An
incidence study will allow healthcare professionals to
undertake specific measures to help decrease the
occurrence of wounds and enhance patient outcomes.

Nano Formulation for Wound Treatment

Nano formulation in wound healing encompasses a
range of nanotechnology-based delivery systems, such as
nano-emulsion, nano-gel, silver nanoparticles, nano-
fibers, and nano-emulsions increase the solubility and
penetration of therapeutic substances, making sure that
the wound site is efficiently delivered with the required
substance (Ullah et al. 2025). The nano-gels offer a
moist environment, favor a long release of the drug, and
can be loaded with antibodies or growth factors and
encourage healing. It is very common to know that silver
nanoparticles have potent antimicrobial activity that
prevents the infection of the wound and lowers
inflammation (Wang et al. 2017). Nanofibers, many
produced using electrospinning,  recreate  the
extracellular context and can act as scaffolds on which
cells attach, reproduce, capacity restore tissue capacity.
Taken together, these nano-formulations have a large
impact on the accelerated healing of the wound through
the combination effects of antimicrobial performance,
drug delivery, and tissue regeneration in a specific
controlled manner.

Different kinds of formulations were made from
different plants and tested on animals to check their
effects. Some of them were described there (Kumar et al.
2021).

Nano-emulsions

A nano-emulsion is defined as a biphasic dispersion of
two immiscible liquids that are thermodynamically
stable and characterized by a surfactant (Ahire et al.
2021). Generally, it consists of an oily system dispersed
in an aqueous system, forming droplets of nanometer
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sizes. Some nano-emulsions used in wound healing are
described below Table 1.

Table 1: Analysis of physicochemical parameters at the start of

trial period

Sr.  Parameters Group A GroupB  Group C
No

1 pH 7.8 7.8 7.8

2 Temperature (°C) 29 29.1 28.8

3 EC (mS/cm) 0.77 0.74 0.73

4 Salinity (ppt) 0.3 0.4 0.3

5 TDS (ppt) 0.41 0. 0.38

Nano-emulsion, which is made by the plant Licorice,
which is commonly called Glycyrrhiza glabra (Al Zahraa
and Balata 2024). Its active ingredient is glycyrrhizic acid
(Zhao et al. 2024). The method used in the preparation of
nano-emulsions is spontaneous emulsification (Algahtani
et al. 2022). The animal on which this emulsion is tested is a
male Wistar rat, which shows the results that nano-emulsion
with lavender essential oil is good for wound healing on 0,
4, 8, 12, and 16 days of wound production that including
closure, epithelialization, and type 1 and type Il collagen
genes up-regulation. Nano-emulsion made from the clove
plant, an aromatic flowering plant, has also been proven
effective (Sun et al. 2022). Its active ingredient is eugenol,
which is responsible for wound healing (Zari et al. 2021).
The method used for its preparation is spontaneous
emulsification. It is tested on female albino Wistar rats,
which gives the result in wound healing and also for making
some pharmaceutical products.

A nano-emulsion made from the plant Zataria multifora
Boiss has also been proven effective (Osanloo et al. 2024).
There are multiple methods, but among the most convenient
methods is using the Ultra homogenizer method (Pereira et
al. 2021). Excision was demonstrated in Wistar rats. The
result is that Zataria multifora Boiss has hostile to anti-
inflammatory, antimicrobial properties, which makes this
plant suitable for wound healing (Nosratabadi et al. 2023).
Similarly, a nano-emulsion made of garlic and ginger has
also been found effective (Ibrar et al. 2022). By using the
Ultrasonic cavitation method (Song et al. 2024). Excision in
vivo model in healthy albino rabbits. This study used an
ultrasonic method to create nine neomycin sulfate nano-
emulsions utilizing ginger and garlic oils (Ibrar et al. 2022).
Nine nano-emulsions with sizes ranging from 145 to 304 nm
were tested for stability over three months. The
thermodynamic stability investigations using freeze-thaw,
centrifuge, and heat-cool cycles confirmed the remarkable
stability of these nano-emulsions. The nano-emulsions
remained stable for three months with no noticeable changes
in physical properties or phase separation. The nano-
emulsions showed superior antibacterial efficacy against
both gram-positive and gram-negative bacterial strains
compared to neomycin sulfate, the positive control.
Furthermore, NEs enhanced wound healing compared to
Neomycin sulfate ointment.

Nano-emulsion made by the plant Tinospora smilacina has
also been proven effective for wound management (Saki et
al. 2023). There are many methods to make, but we use the
high-pressure homogenization method (Kotta et al. 2015).
This study created a stable nano-emulsion by combining

extracts from T. smilacina and C. inophyllum (Saki et al.
2023). The nano-emulsion contained bioactive compounds
from both plants in a single formulation. Flavonoid
compounds were identified in the T. smilacina extract, some
of which have been previously studied for their medicinal
properties. The nano-emulsion was optimized using
statistical techniques and was found to be stable with a small
particle size and low polydispersity index (PDI). The nano-
emulsion showed antioxidant activity, improved cell
viability, and enhanced wound healing properties
compared to the individual plant extracts (Schlesier et al.
2002). The addition of a plant-based water component
improved the overall effectiveness of nano-emulsion. This
study demonstrates the potential for using nano-emulsions
for various biomedical applications Table 2.

Table 2: shows clinical signs at day 7.

Clinical Signs Treated Groups
Go G1 G2

Gasping + + ++
Jerking + + ++
Convulsions _ _ +
Faintness _ _ +
Surface breathing + + +
Surface Running + + ++
Bottom Running + + +
Body unbalancing _ _ +
Operculum movements + ++ .
Tilting of Fin + + i
Static position + + +

Nano-emulgel

Nano-emulgel made from plant Curcumin has been
observed to be effective in the wound healing process
(Jeengar et al. 2016). There are multiple methods, but we
use the high-energy ultrasonication method to make it (Li
et al. 2018). Ex-vivo skin deposition Determination of
nitric oxide (NOx) (umol/g tissue, determination of tissue
malondialdehyde (MDA) (nmol/g tissue) Determination
of the skin content of proline, hydroxyl-proline (HPro)
and glycine (mg/g tissue), Determination of
myeloperoxidase, prostaglandin E2 (PGE2) and
interleukin 1 beta (IL-1B). Myeloperoxidase (MPO),
prostaglandin E2 (PGE2). The result is that Cur-NE was
prepared from phenyl-propanol by ultrasonication and
QbD software, the best result being recorded in Smix. The
structure of the fine NE was smooth, and it had Cur in it,
as REE analysis using SEM and TEM revealed. Skin
permeation studies depicted the study's Cur release.
Compared with the effects of clove oil and Cur-S, the
wound healing effects of curcumin were comparable to
those of fusidic acid. It was also noted that Cur-NE had no
toxicity, and there were no inflammatory cells identified
in wounds. In conclusion, the optimized Cur-NE exhibited
good anti-inflammatory action in rat models (Gharat et al.
2024).

Nanofibers

Nanofibers are fiber materials with at least one dimension
less than 100 nanometers (Xue et al. 2017). They are
generated from different polymers and have different
properties and applications, such as wound healing. One
of them is described below Table 3.
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Table 3: Clinical signs at day 14

Clinical Signs Treated Groups
Go G1 G2

Gasping + + B
Jerking + + ++
Convulsions _ _ .
Faintness _ _ +
Surface breathing + + +
Surface Running + + B
Bottom Running + + .
Body unbalancing _ _ +
Operculum movements ++ ++ o
Tilting of Fin + + ++
Static position + + +

Nanofiber, made from the Moringa plant by using the
method of electrospinning, was tested on rats (Fayemi et
al. 2018). Moringa has antibacterial properties that show
wound potential, and a study showed that Moringa
incorporated into nanofibers increased wound healing.
Nanofiber, which is made from Centella asiatica it is
commonly known as Gotu kola or Asian pennywort. It is
used in traditional medicine (Bozkaya et al. 2022). The
electrospinning method is used in making this nanofiber
because it is a convenient method to make it. It was tested
in SD rats; its result was that adding the C. asiatica extract
to the electro-spun membranes improves the rate of wound
healing in rats. It shields against bacteria, fungi, and virus
invasion, and enhances cell proliferation.

Nanofibers made by the plant Peppermint showed good
results in the wound healing process (Siinter Eroglu and
Canoglu 2025). The crosslinking method was used for
making this nanofiber because it has been proven to be an
effective method for making it (Schiffman and Schauer
2007). It was tested on male Wistar rats. The study
prepared hydrophilic polyurethane-based wound dressings
containing peppermint extract using electrospinning. The
addition of crosslinked extract-gelatin  nanoparticles
controlled the release of the extract, resulting in fast and
effective  wound healing. The dressings showed
antibacterial properties, controlled release, and high
absorbency. They promoted tissue granulation, collagen
synthesis, and faster wound closure compared to
conventional gauze bandages. The dressings were non-toxic
and enhanced cell viability. Overall, the extract-containing
wound dressings showed great potential for treating
diabetic ulcers and bacterial infections.

Silver nanoparticles

Silver nanoparticles are extremely small-sized nanometre-
sized particles, which possess very peculiar characteristics
owing to their high surface area to volume ratio as well as
size characteristics (Mishra et al. 2014).

Silver nanoparticles made by the Melia azedarach plant
(Ma-AgNPS), commonly known as the chinaberry tree,
were found effective in wound healing (Jebril et al. 2020).
There are many other methods, but the solvent
displacement method is commonly used to assemble
them. Are results show that Ma-AgNPS possessed higher
bioactivity than the Ma-extract and also demonstrated
promising wound healing activity.

Silver nanoparticles made by the plant Tridax
procumbens, known as coatbuttons or tridax daisy, are a
species of flowering plant in the family Asteraceae

(Amutha et al. 2019). It was tested on rats, and its results
show that it is very useful for wound healing. Silver
nanoparticles, made by Prosopis juliflora Neltuma
juliflora formerly Prosopis juliflora, are a shrub or small
tree in the family Fabaceae, a kind of mesquite (Anwar et
al. 2019). Nanoparticles showed antibacterial activity and
have the potential in wounds faster than the standard
group.

Silver nanoparticles, made by the plant Azadirachta
indica, have wound healing properties and were made by
using the Solvent displacement method (Ahmed et al.
2016). It was tested on a male, pale-skinned person. The
result was that flavonoids and terpenoids were displayed
in neem leaves and contributed to the formation of silver
nanoparticles from neem extricate. Based on the
information  presented, these Al  AgNPs were
demonstrated to be secure for use and compelling within
the treatment of wounds. The paper also suggests that
neem silver Nanoparticles have an extraordinary scope for
reasonable green solutions. Silver nanoparticles that are
made by the plant Caulerpa scalpelliformis using the cold
suspension method (Manikandan et al. 2019). It was
demonstrated in albino male rats. Its result is that the C.
scalpelliformis extract-intervened blend of Ag-NPs
appears critical in enhancing wound mending.

Silver nanoparticles made by the plant Scutellaria barbata
showed good results in the wound healing process
(Veeraraghavan et al. 2021). It was tested on the wound
scratch assay in fibroblasts. The result was that (Forrest
1983) the Scutellaria barbata extract, which possesses
antimicrobial action, also possesses wound-healing and
mending movement in  fibroblast cells.  Silver
Nanoparticles made by the plant Indigofera aspalathoides
have good wound healing properties (Arunachalam et al.
2013). The result was that Indigofera aspalathoides can
be used to prepare green silver nanoparticles through a
process that is quite straightforward and friendly to the
environment (Krishnasamy et al. 2014). Silver
nanoparticles are synthesized from plant extract because
the extract contains phytochemicals that assist in the
reduction of silver ions and the subsequent formation of
nanoparticles. It is important to prove successful synthesis
of cobalt ferrite nanoparticles; the nanoparticles were
analyzed using UV-visible spectroscopy, SEM, EDAX,
FTIR, and XRD techniques. This work further revealed
that the formed nanoparticles of silver from Indigofera
aspalathoides extract can potentially be used in wound
healing treatments in the form of a hydrogel dressing. As
this study reveals, medicinal plants that are sourced
naturally might be used in the green synthesis of
nanoparticles for application in the medical sector
(Habeeb Rahuman et al. 2022).

Limitations

Although important advances have been achieved
concerning wound pathophysiology and the formation of
high-level treatment regimens such as nano-formulations,
there are still certain limitations and issues that should be
mentioned (Krishnaswami et al. 2022). Although nano-
formulations, such as nano-emulsions, nano-gels, silver
nanoparticles, and nanofibers, have promising potential,
their transformation to the common clinical practice
remains minimal (Sabarees et al. 2022). This is because
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there are no long-term safety data, regulatory barriers, as
well as limited larger-type clinical trials to confirm their
efficacy and safety in varied populations.

The other limitation is the inconsistency of wound types
(St-Supery et al. 2011). Wounds vary tremendously in
terms of etiology (chemical, traumatic, surgical, or
infectious), depth, and whether acute or chronic (Shakir et
al. 2020). This heterogeneity creates an impediment to the
standardization of treatment methods. As an example,
nano-formulations that have good outcomes in treating
acute wounds cannot be expected to work similarly in
chronic acid-induced wounds, which are most often more
complicated to treat because of their longstanding
inflammation and lack of proper vascularization.

Although the situation with acid wounds is covered, there
is no strong clinical evidence proving the application of
nanotechnology-based interventions (Malik et al. 2023).
The infrequency of such wounds in certain areas and their
rather violent nature (particularly in developing countries
such as India, Bangladesh, and Pakistan) does not allow
the engineering of controlled experiments or the creation
of specific treatments for this type of wound. Also, nano-
formulations may need advanced production procedures,
storage facilities, and administration routes, which are not
always available in resource-restricted areas (Petrovic et
al. 2024). In nations or regions that lack much of a
medical infrastructure, it may not be possible to use
nanotechnology-based treatment, especially where the
traditional treatment of wounds is still the norm, because
it is more cost-effective and simpler. There is also a big
challenge of toxicological concern. Whereas silver
nanoparticles, e.g., are characterized by the presence of
antimicrobial effects, in the case of intensive
concentration in the tissues, cytotoxicity or inflammatory
reactions can take place. The effects of long-term
exposure to these nanoparticles on human tissue are not
yet fully comprehended, and there is a necessity for in-
depth biocompatibility research (Ferdous and Nemmar
2020). Lastly, although the promise of nano-formulations
is astronomical, there is minimal access to knowledge of
and expertise on the same as perceived by the populace
and those in the medical field (Petrovic et al. 2024). The
doctors might need some educational messages about
the effective methods of using nano-based therapy, its
suitable dose, and anticipated results. In the absence of
proper training, chances are high that such advanced
materials will be misused or underutilized.
Conclusively, nano-formulations possess a good future
in the healing of wound healing, but it will be essential
to overcome their limitations by conducting more
research, clinical validation, regulatory certainty, and
accessibility of such nano-formulations so that they can
be widely and successfully embraced (Lin et al. 2022).

Conclusion

Management of wounds has been a very complicated
and sensitive issue in the healthcare field that requires
understanding the classification of wounds, the cause of
a wound, and how a wound is normally healed
biologically. Acid-type wounds and chronic wounds are
among the many categories under which a person can
experience as far as wounds are concerned, because of
their severity and cause. Nanotechnology has led to the

development of new nano-formulations, i.e., nano-
emulsions, nanogels, silver nanoparticles, and
nanofibers, which have transformed wound care. Such
nanostructures lead to increased delivery of drugs,
antimicrobial protection of wounds, tissue regeneration,
and healing promotion. They have unique properties and
can stimulate specific, sustained, effective therapeutic
applications.  Therefore, the incorporation of
nanotechnology into wound therapy regimens is one of
the new trends that may prolong the overall recovery
time, eliminate the complications, and enhance the
recovery of these patients both in acute and chronic
wound conditions.

DECLARATION
Funding: Not Available.

Acknowledgement:  Authors are thankful to the
laboratory staff of Department of Parasitology, University
of Agriculture, Faisalabad for providing technical support
and guidance for the preparation of nanomaterials.

Conflicts of Interest: All authors of the manuscript
declare that they have no financial or personal interests.

Data Availability: Raw data may be available on request.

Ethical Statement: The article is purely manuscript, and
no animals were harmed.

Authors Contribution: AM, MO, RAB, CN, and AA,
wrote the manuscript, NR, AS, MK, ZS, managed
references and tables, RZ And MKK revised the article.

Generative Al Statement: The authors declare that no
Gen Al/DeepSeek was used in the writing/creation of this
manuscript.

Publisher’s Note: All claims stated in this article are
exclusively those of the authors and do not necessarily
represent those of their affiliated organizations or those of
the publisher, the editors, and the reviewers. Any product
that may be evaluated/assessed in this article or claimed
by its manufacturer is not guaranteed or endorsed by the
publisher/editors.

REFERENCES

Abazari M, Ghaffari A, Rashidzadeh H, Badeleh SM and
Maleki Y, 2022. A systematic review on
classification, identification, and healing process of
burn wound healing. The International Journal of
Lower Extremity Wounds 21(1):18-30.

Acehan S, Satar S, Gulen M and Avci A, 2021
Evaluation of corrosive poisoning in adult patients.
The American Journal of Emergency Medicine
39:65-70.

Abhire K, Gorle AP and Maharashtra I, 2021. An overview
on methods of preparation and characterization of
nanoemulsion. World Journal of Pharmacy and
Pharmaceutical Sciences 10(8):897-908.



Continental Vet J, 2025, 5(1): 1-8.

Ahmed S, Ahmad M, Swami BL and lkram S, 2016.
Green synthesis of silver nanoparticles using
azadirachta indica aqueous leaf extract. Journal of
radiation research and applied sciences 9(1):1-7.

Al Zahraa G and Balata GF, 2024. Formulation and in
vitro characterization of nanoemulsions containing
remdesivir or licorice extract: A potential
subcutaneous injection for coronavirus treatment.
Colloids and Surfaces B: Biointerfaces 234:113703.

Algahtani MS, Ahmad MZ and Ahmad J, 2022.
Investigation of factors influencing formation of
nanoemulsion by spontaneous emulsification: Impact
on droplet size, polydispersity index, and stability.
Bioengineering 9(8):384.

Amutha R, Sudha A and Pandiselvi P, 2019. Tridax
procumbens (coat buttons)-a gift of nature: An
overview. Pharmacological Benefits of Natural
Products:193-212.

Anwar Y, Fakieh MH, Ullah I, Alkenani NA and Sharif
MA, 2019. Synthesis of silver nanoparticles using
prosopis juliflora extract: Potential of antimicrobial
and pollutants degradation performance. Desalination
and water treatment 167:105-112.

Arunachalam KD, Annamalai SK, Arunachalam AM and
Kennedy S, 2013. Green synthesis of crystalline
silver nanoparticles using indigofera aspalathoides-
medicinal plant extract for wound healing
applications. Asian Journal of Chemistry 25

Barakat-Johnson M, Jones A, Burger M, Leong T,
Frotjold A, Randall S, Kim B, Fethney J and Coyer F,
2022. Reshaping wound care: Evaluation of an
artificial intelligence app to improve wound
assessment and management amid the covid-19
pandemic. International Wound Journal 19:1561-1577.

Bassetti M, Vena A and Castaldo N, 2024. Classification
of wound infections. Pearls and Pitfalls in Skin Ulcer
Management:369-383.

Bjornsson HK and Bjoérnsson ES, 2022. Drug-induced
liver injury: Pathogenesis, epidemiology, clinical
features, and practical management. European journal
of internal medicine 97:26-31.

Bozkaya O, Arat E, Gok ZG, Yigitoglu M and Vargel I,
2022. Production and characterization of hybrid
nanofiber wound dressing containing centella asiatica
coated silver nanoparticles by mutual electrospinning
method. European Polymer Journal 166:111023.

Brumberg V, Astrelina T, Malivanova T and Samoilov A,
2021. Modern wound dressings: Hydrogel dressings.
Biomedicines 9(9):1235.

Eriksson E, Liu PY, Schultz GS, Martins-Green MM,
Tanaka R, Weir D, Gould LJ, Armstrong DG,
Gibbons GW and Wolcott R, 2022. Chronic wounds:
Treatment consensus. Wound repair and regeneration
30(2):156-171.

Falanga V, lIsseroff RR, Soulika AM, Romanelli M,
Margolis D, Kapp S, Granick M and Harding K,
2022. Chronic wounds. Nature Reviews Disease
Primers 8(1):50.

Fayemi OE, Ekennia AC, Katata-Seru L, Ebokaiwe AP,
ljomone OM, Onwudiwe DC and Ebenso EE, 2018.
Antimicrobial and wound healing properties of
polyacrylonitrile-moringa extract nanofibers. Acs
Omega 3(5):4791-4797.

Ferdous Z and Nemmar A, 2020. Health impact of silver
nanoparticles: A review of the biodistribution and
toxicity following various routes of exposure.
International Journal of Molecular Sciences
21(7):2375.

Forrest L, 1983. Current concepts in soft connective
tissue wound healing. Journal of British Surgery
70(3):133-140.

Gharat S, Basudkar VV and Momin M, 2024. In-vitro and
in-vivo evaluation of the developed curcumin-
cyclosporine-loaded nanoemulgel for the
management of rheumatoid arthritis. Immunological
Investigations 53(3):490-522.

Groenen H, Bontekoning N, Jalalzadeh H, Buis DR,
Dreissen YEM, Goosen JHM, Graveland H,
Griekspoor M, ljpma FFA and Van Der Laan MJ,
2024. Incisional wound irrigation for the prevention
of surgical site infection: A systematic review and
network meta-analysis. JAMA surgery 159(7):792-
800.

Habeeb Rahuman HB, Dhandapani R, Narayanan S,
Palanivel V, Paramasivam R, Subbarayalu R,
Thangavelu S and Muthupandian S, 2022. Medicinal
plants mediated the green synthesis of silver
nanoparticles and their biomedical applications. IET
nanobiotechnology 16(4):115-144.

Haller HL, Sander F, Popp D, Rapp M, Hartmann B,
Demircan M, Nischwitz SP and Kamolz LP, 2021.
Oxygen, ph, lactate, and metabolism—how old
knowledge and new insights might be combined for
new wound treatment. Medicina 57(11):1190.

Ibrar M, Ayub Y, Nazir R, Irshad M, Hussain N, Saleem
Y and Ahmad M, 2022. Garlic and ginger essential
oil-based neomycin nano-emulsions as effective and
accelerated treatment for skin wounds’ healing and
inflammation: In-vivo and in-vitro studies. Saudi
Pharmaceutical Journal 30(12):1700-17009.

Jebril S, Jenana RKB and Dridi C, 2020. Green synthesis
of silver nanoparticles using melia azedarach leaf
extract and their antifungal activities: In vitro and in
vivo. Materials Chemistry and Physics 248:122898.

Jeengar MK, Rompicharla SVK, Shrivastava S, Chella N,
Shastri NR, Naidu VGM and Sistla R, 2016. Emu oil
based nano-emulgel for topical delivery of curcumin.
International journal of pharmaceutics 506(1-2):222-
236.

King AL, Finnin MS and Kramer CM, 2022. Significance
of open wounds potentially caused by non-lethal
weapons. Institute for Defense Analyses.

Kotta S, Khan AW, Ansari SH, Sharma RK and Ali J,
2015. Formulation of nanoemulsion: A comparison
between phase inversion composition method and
high-pressure homogenization method. Drug delivery
22(4):455-466.

Krishnasamy L, Ponmurugan P, Jayanthi K and Magesh
V, 2014. Cytotoxic, apoptotic efficacy of silver
nanoparticles synthesized from indigofera
aspalathoids. Int. J. Pharm. Pharm. Sci 6(8):245-248.

Krishnaswami V, Sugumaran A, Perumal V, Manavalan
M, Kondeti DP, Basha SK, Ahmed MA, Kumar M
and Vijayaraghavalu S, 2022. Nanoformulations-
insights towards characterization techniques. Current
Drug Targets 23(14):1330-1344.



Continental Vet J, 2025, 5(1): 1-8.

Kumar M, Pratap V, Nigam AK, Sinha BK, Kumar M and
Singh JKG, 2021. Plants as a source of potential
antioxidants and their effective nanoformulations. J.
Sci. Res 65(3):57-72.

LeSueur J, Koser J, Dzwierzynski W, Stemper BD,
Hampton CE, Kleinberger M and Pintar FA, 2025.
The histological and mechanical behavior of skin
during puncture for different impactor sizes and
loading rates. Annals of Biomedical Engineering:1-
17.

Li W, Leong TSH, Ashokkumar M and Martin GJO,
2018. A study of the effectiveness and energy
efficiency of ultrasonic emulsification. Physical
Chemistry Chemical Physics 20(1):86-96.

Lin Y, Chen Z, Liu Y, Wang J, Lv W and Peng R, 2022.
Recent advances in nano-formulations for skin wound
repair applications. Drug Design, Development and
Therapy:2707-2728.

Long B, Liang SY and Gottlieb M, 2023. Crush injury
and syndrome: A review for emergency clinicians.
The American Journal of Emergency Medicine
69:180-187.

Malik S, Muhammad K and Waheed Y, 2023. Emerging
applications of nanotechnology in healthcare and
medicine. Molecules 28(18):6624.

Manikandan R, Anjali R, Beulaja M, Prabhu NM,
Koodalingam A, Saiprasad G, Chitra P and
Arumugam M, 2019. Synthesis, characterization,
anti-proliferative and wound healing activities of
silver nanoparticles synthesized from caulerpa
scalpelliformis. Process biochemistry 79:135-141.

Milne K and Penn-Barwell JG, 2023. Classification and
management of acute wounds and open fractures.
Surgery (Oxford) 41(2):93-99.

Mishra R, Militky J, Baheti V, Huang J, Kale B,
Venkataraman M, Bele V, Arumugam V, Zhu G and
Wang Y, 2014. The production, characterization and
applications of nanoparticles in the textile industry.
Textile Progress 46(2):133-226.

Nosratabadi R, Anaeigoudari F and Anaeigoudari A,
2023. Therapeutic potential of zataria multiflora: A
narrative review of current evidence. Asian Pacific
Journal of Tropical Biomedicine 13(11):451-459.

Osanloo M, Noori F, Varaa N, Tavassoli A, Goodarzi A,
Moghaddam MT, Ebrahimi L, Abpeikar Z, Farmani
AR and Safaei M, 2024. The wound healing effect of
polycaprolactone-chitosan scaffold coated with a gel
containing zataria multiflora boiss. Volatile oil
nanoemulsions. BMC Complementary Medicine and
Therapies 24(1):56.

Pereira JMG, Viell FLG, de Lima PC, Silva E, Pilau EJ,
Corréa RCG, Bona E and Vieira AMS, 2021.
Optimization of the extraction of antioxidants from
moringa leaves: A comparative study between
ultrasound-and ultra-homogenizer-assisted
extractions. Journal of Food Processing and
Preservation 45(6):e15512.

Petrovic S, Bita B and Barbinta-Patrascu M-E, 2024.
Nanoformulations in pharmaceutical and biomedical
applications:  Green perspectives. International
Journal of Molecular Sciences 25(11):5842.

Sabarees G, Velmurugan V, Tamilarasi GP, Alagarsamy
V and Raja Solomon V, 2022. Recent advances in

silver nanoparticles containing nanofibers for chronic
wound management. Polymers 14(19):3994.

Saki E, Murthy V, Wang H, Khandanlou R, Wapling J
and Weir R, 2023. Formulation and biomedical
activity of oil-in-water nanoemulsion combining
tinospora smilacina water extract and calophyllum
inophyllum seeds oil. Clinical, Cosmetic and
Investigational Dermatology:1159-1174.

Schiffman JD and Schauer CL, 2007. Cross-linking
chitosan nanofibers. Biomacromolecules 8: 594-601.

Schlesier K, Harwat M, Béhm V and Bitsch R, 2002.
Assessment of antioxidant activity by using different
in vitro methods. Free radical research 36(2):177-187.

Shakir S, Messa Iv CA, Broach RB, Rhemtulla 1A,
Chatman B, D’ Angelantonio A, Levin LS, Kovach Tii
SJ, Serletti JM and Fischer JP, 2020. Indications and
limitations of bilayer wound matrix—based lower
extremity reconstruction: A multidisciplinary case-
control study of 191 wounds. Plastic and
reconstructive surgery 145(3):813-822.

Sinha S, 2019. Management of post-surgical wounds in
general practice. Australian journal of general
practice 48(9):596-599.

Soliman AM and Barreda DR, 2022. Acute inflammation
in tissue healing. International journal of molecular
sciences 24(1):641.

Song K, Liu Y, Umar A, Ma H and Wang H, 2024.
Ultrasonic cavitation: Tackling organic pollutants in
wastewater. Chemosphere 350:141024.

Sorroza-Martinez K, Gonzalez-Méndez |, Vonlanthen M,
Cuétara-Guadarrama F and Rivera E, 2025.
Introduction and types of wounds, Recent advances in
nanomedicines mediated wound healing.
Elsevier.pp:1-16

St-Supery V, Tahiri Y, Sampalis J, Brutus J-P, Harris PG
and Nikolis A, 2011. Wound healing assessment:
Does the ideal methodology for a research setting
exist? Annals of plastic surgery 67(2):193-200.

Stirmer E, Debus ES and Atkin L, 2024. Clinical
performance and safety of a debridement pad with
abrasive and non-abrasive fibres. Journal of Wound
Care 33(6):408-416.

Sullivan JV and Myers S, 2022. Skin structure and
function, wound healing and scarring, Plastic surgery-
principles and practice. Elsevier.pp:1-14

Sun H, Luo D, Zheng S, Li Z and Xu W, 2022.
Antimicrobial behavior and mechanism of clove oil
nanoemulsion. Journal of Food Science and
Technology:1-9.

Siinter Eroglu N and Canoglu S, 2025. Peppermint
extract-compound  nanofiber  production  and
characterization. International Journal of Clothing
Science and Technology 37(2):242-256.

Tan SH, Ngo ZH, Leavesley D and Liang K, 2022. Recent
advances in the design of three-dimensional and
bioprinted scaffolds for full-thickness wound healing.
Tissue Engineering Part B: Reviews 28(1):160-181.

Ullah A, Ullah M, Lee G-J and Lim SI, 2025. A review of
recent advances in nanotechnology for the delivery of
therapeutics in  wound healing. Journal of
Pharmaceutical Investigation 55(1):33-54.

Veeraraghavan VP, Periadurai ND, Karunakaran T,
Hussain S, Surapaneni KM and Jiao X, 2021. Green



Continental Vet J, 2025, 5(1): 1-8.

synthesis of silver nanoparticles from aqueous extract
of scutellaria barbata and coating on the cotton fabric
for antimicrobial applications and wound healing
activity in fibroblast cells (1929). Saudi journal of
biological sciences 28(7):3633-3640.

Wang C, Chen F, Zhang Y and Cheng J, 2023. Analysis
of injury severity in rear-end crashes on an
expressway involving different types of vehicles
using random-parameters logit models  with
heterogeneity in means and variances. Transportation
letters 15(7):742-753.

Wang L, Hu C and Shao L, 2017. The antimicrobial
activity of nanoparticles: Present situation and

prospects for the future. International journal of
nanomedicine:1227-1249.

Xue J, Xie J, Liu W and Xia Y, 2017. Electrospun
nanofibers: New concepts, materials, and applications.
Accounts of chemical research 50(8):1976-1987.

Zari AT, Zari TA and Hakeem KR, 2021. Anticancer
properties of eugenol: A review. Molecules
26(23):7407.

Zhao Z-w, Cai M-h, Wang P, Wang D-d, Liu Y and Chen
Y-z, 2024. Application of glycyrrhizic acid and
glycyrrhetinic acid in the drug delivery system.
Journal of Drug Delivery Science and
Technology:105754.



