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Study the efficacy of silver nanoparticles
anastomosis healing in rabbits model
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Abstract

This research intended to explore the effect of nano-silver particles on healing
anastomosis site in the trachea. Thirty healthy male rabbits were randomly split into control
and treated groups equally for this object. Then the rabbits were anesthetized with a mixture
of 30 mg/kg B.W (5%) Ketamine and 15 mg/kg B.W of (2%) Xylazine. In the control group,
rabbits were induced with tracheal resection and anastomosis. While, rabbits in the
treatment group, were induced with the same tracheal resection and anastomosis, a solution
containing silver nanoparticles was infiltrated around the anastomosis site, and clinical and
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Rabbits histopathological examinations investigated the animals. Clinically all animals had no

clinical respiratory illness such as pneumonia, cough, or subcutaneous emphysema, which

- may occur due to surgical operations. In the control group severe inflammation, which
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O.A. Bader included swelling, pain and redness were seen compared to those of the treated group. The
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histopathological evaluation of the control group was characterized by granulation tissue
and angiogenesis around the suture material with hyperplasia and hypertrophy of goblet
cells. Also, there was an intense inflammatory reaction in the mucosa and the presence of
normal cartilage with necrosis of the tracheal gland. In the treated group, it was
characterized by the development of granulation tissue with angiogenesis and inflammatory
cell infiltration with hyperplasia of goblet cells and congestion of blood vessels and normal
columnar epithelial cells in mucosa. To summarize, the treatment group's tracheal repair
was quicker than to the change in control group.

DOI: 10.33899/ijvs.2024.152022.3788, ©Authors, 2024, College of Veterinary Medicine, University of Mosul.
This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The trachea is a tube that transports air from the larynx to
the lung, eliminating excretions, moistening, warming, and
clearing the air from foreign particles through coughing and
other interior defensive systems (1). Extended air leak,
bronchopleural fistula, and narrowing are the most common
trachea surgical consequences (2). Complications can be
avoided if the tracheal wound heals adequately. Various
treatments have been used to protect from complications,
including corticosteroids, vitamin supplements, steroid
hormones, granulocyte macrophage, and colony-stimulating
factors (3). Tracheal conservationis a difficult thorax
surgery, especially when tracheal anastomosis is difficult or
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even impossible, or when it fails. Congenital stenosis, trauma
and injuries, malignant tumors, tracheoesophageal fistula,
poor surgical results for diseases, and tracheal collapse are
the most common reasons for tracheal surgery (4). When the
length of the resected trachea exceeds 50% in adults or 30%
in young ones, initial tracheal resection with straight end-to-
end anastomosis following the release of the surrounding
anatomical components is insufficient. In order to establish
normal airway restoration, tracheal transplant with a
substitute is therefore required (5,6). Nanotechnology is the
science that deals with materials in the size of 1 to 100
nanometers, and it is significantly unlike the original
materials in their properties such as electrical conductance
magnetism, chemical reactivity and physical strength (7-9).
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Several nanotechnology applications to  medicine
(nanomedicine) have been used in diagnostics, drug delivery,
gene therapy, and general therapeutics (10-12). Drugs for
treating of many disorders, such as autoimmune diseases,
neuropathy, tumors, and microbial infections, have
improved similarly (13-15). Because of their known toxicity
against viruses, yeast, and bacteria, metal nanoparticles have
been extensively investigated as antibacterial agents (16).
The type of metal, structure, size, and high surface area of
nanoscale particles, all influence these biological
characteristics. Whereas most study now centers on copper
and silver, metal oxide nanoparticles like ZnO, TiO2, CeO2,
MgO, and CaO have also been studied as inorganic
antimicrobial drugs (16-18). For several years, silver could
be used as an antibacterial and antimicrobial agent (19).
Silver particles in the solution are absorbed into microbial
cells due to their soluble nature, where they interact with
DNA creation and cell division, resulting in an antimicrobial
action (20). Silver nanoparticles (Ag NPs) have been found
to have low cytotoxic effects and a synergic effect in addition
to their antimicrobial qualities, like anti-inflammatory
activity, based on their long history and diversified
application (19,20). Ag NPs may have additional benefits for
treating skin ulcers, fractured bones, wound repair,
peripheral nerve damage, and their antibacterial effects (21).
Inflammation was reduced after wounds were treated with
nano-crystalline silver (22). As a result, the number of
interleukins in the wounds decreased, neutrophil apoptosis
was influenced, and the level of transforming growth factor
was reduced (21-23). Recently, there has been a growing
interest in using Ag NPs in various dressings to promote
wound healing. A prior analysis exhibited the composite
formulation of alginate Ag NPs for wound dressing,
exhibiting respectable antibacterial activity. Additionally,
Ag NPs can promote wound healing by activating
macrophages and regulating fibroblast migration (24).

This study was aimed to explore the effect of nano silver
particles on anastomotic tracheal wound healing.

Materials and Methods

Ethical approve

The Experimental Care of Animals and Use Council of
the University of Mosul's, College of Veterinary Medicine,
approved ethical practices on 7/1/2023. The issue number is
UM.VET.2023.039

Experimental design

Thirty, healthy male rabbits (weighing 1.5 to 2 kg and
aged between 12-15 months) were used in the current study.
Throughout the experiment, all rabbits were kept in
individual cages. Animals were randomly assigned to two
groups: control and treated (15 animals to each group).
Animals in the control group underwent surgery only, while
in treated group they underwent surgery with the application
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of Ag NPs solution to the anastomosis site. Rabbits were
studied by clinical and histopathological examinations.

Silver nanoparticle

Silver nanoparticle powder was purchased from Sigma-
Aldrich Chemicals (America), and its color is yellow, form
is spherical-shape, and particle size is 20 nm.

Surgical approach

The animals used in the experiment were anesthetized by
using an intramuscular mixture of 30 mg/kg B.W (5%)
Ketamine and 15 mg/kg B.W of (2%) Xylazine (25-27).
From the mandible to the thoracic inlet, the ventral portion
of the neck was prepared aseptically, and the cervical trachea
was accessed by a ventral midline routing. In the control
group, a surgical incision through skin and subcutaneous
tissue was created centrally between the manubrium and the
larynx. The muscles (sternohyoideus and sternothyroideus)
were divided by blunt dissection to observe the trachea. After
identifying the resection area, a stay sutures were placed
around cartilage rings proximal and distal to the resection
area. Two centimeters of the trachea were resected from the
identifying area. A tracheal end-to end anastomosis was
made using a simple interrupted technique with 5/0
polydioxanone sutures. Muscles and subcutaneous tissues
were stitched using a simple continuous pattern using size
2/0 polypropylene suture material, and a simple interrupted
approach using silk suture material (size 0) was used to seal
the skin incision (28). The treatment group was treated in the
same way as the control group, but after completing the
anastomosis, a 20 nm Ag NP solution (29) was infiltrated
around the anastomotic site. Silver NP solution was prepared
by dissolving them in distal water at a dose of 100 pg / ml
(30-32).

Rabbits were checked daily for pulmonary disorders,
such as cough, subcutaneous emphysema, or dyspnea.
Experimental animals were euthanized and tracheal biopsies
were performed after 7, 15, and 30 days post operation for
histopathological study. Samples were fixed for at least 72
hours in 10% buffer formalin, and then paraffin blocks were
sectioned and dyed with Hematoxylin and Eosin (H&E) for
examination.

Results

The present investigation used clinical and
histopathological parameters to evaluate the efficiency of
silver nanoparticles in tracheal resection and anastomosis
healing. Rabbits were observed daily, and all clinical
findings were recorded. The body temperature in the treated
group was within the standard limit, while the animals in the
control group showed a minor rise, exclusively on the first
day after surgery. A few observations have been made based
on the clinical examination findings; in the control group,
inflammatory symbols, which include symptoms of edema
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of the surgical site and pain were visualized from the second
day after the surgery, then the signs of inflammation
gradually disappeared. In the treated group, symptoms and
all the signs above were less likely to happen than in the
control group. Subcutaneous emphysema was not detected in
either experimental group’s animals. All animals had no
clinical respiratory illness such as pneumonia or cough. The
macroscopic examination showed moderate to severe
adhesion with surrounding tissues in the control group while
there was little or no adhesion with the surrounding tissue in
the treated group.

The histopathological evaluation of the control group on
the 7' day post-surgery shows that the site of anastomosis is
characterized by the presence of granulation tissue and
initiation of new blood vessels around the suture material
with hyperplasia and hypertrophy of goblet cells in the
mucosa. Also, an intense inflammatory reaction was
characterized by the infiltration of polymorphonuclear
inflammatory cells (Figures 1 and 2).

Figure 1: A photomicrograph of the control group on the 7t
day post operation shows the site of anastomosis (A), severe
inflammatory cell infiltration (B), necrosis (C), congestion
(D), hypertrophy (E) hyperplasia of goblet cells (F), and
hyperplasia of epithelial cells (G). H&E stain, 100X.

On day 15" post-surgery, there was mononuclear
inflammatory cell infiltration with congestion of blood
vessels, hyperplasia of epithelial cells, and hypertrophy of
goblet cells in mucosa with normal cartilage (Figures 3 and
4). On day 30 post-surgery, a photomicrograph of the trachea
showed an inflammatory reaction characterized by
inflammatory mononuclear cell infiltration in the submucosa
and mucosa with necrosis of the tracheal gland (Figures 5
and 6). While in the treated group, the histopathological
results on day 7 post-surgery, the site of the trachea
anastomosis were characterized by the development of
granulation tissue with new blood vessels (angiogenesis),
inflammatory cell infiltration and the presence of suture
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material with hyperplasia of goblet cells in the mucosa
(Figures 7 and 8). On day 15 post-surgery, a
photomicrograph of the trachea shows the inflammatory
reaction characterized by inflammatory polymorphonuclear
cell infiltration and blood vessels congestion with the
development of hyperemia. Also, hyperplasia of epithelial
cells was present in the mucosa (Figures 9 and 10). While on
day 30 post-surgery, the trachea contained hyperplasia and
hypertrophy of goblet cells and normal columnar epithelial
cells (Figures 11 and 12).
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Figure 2: A photomicrograph of the control group on the 7%
day post operation shows intense inflammatory reaction
characterized by infiltration of polymorphonuclear
inflammatory cells (A), hemorrhage (B), and granulation
tissue formation (C). H&E stain, 400X.

Figure 3: A photomicrograph of the control group on the 15%
day post operation shows moderate inflammatory cell
infiltration (A), congestion of blood vessels (B), hypertrophy
of goblet cells in the mucosa (C) with normal cartilage (D),
and hyperplasia of epithelial cells (E). H&E stain, 100X.
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Figure 4: A photomicrograph of the control group on the 15™ Figure 6: A photomicrograph of the control group on 30" day
day post operation shows mononuclear inflammatory cells' post operation shows intense infiltration of mononuclear
invasion during an inflammatory response (A), and blood inflammatory cells in the submucosa (A), and mucosa (B).
vessels congestion (B). H&E stain, 100X. H&E stain, 400X.

Figure 5: A photomicrograph of control group on the 30" day Figure 7: A photomicrograph of the treated group on 7\ day
post operation shows intense infiltration of mononuclear post operation shows the site of anastomosis (A),
inflammatory cells in the submucosa (A), and mucosa (B). inflammatory cells infiltration (B), congestion (C),
H&E stain, 100X. hyperplasia of goblet cells (D). H&E stain, 100X.
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Figure 8: A photomicrograph of the treated group on 7% day Figure 10: A photomicrograph of the treated group on 15%
post operation shows infiltration of polymorphonuclear day post operation shows infiltration of inflammatory cells
inflammatory cells (A), hemorrhage (B), and hyperplasia of (A), blood vessels congestion (B), and the presence of
epithelial cells of tracheal glands (C). H&E stain, 400X. collagen fibers and fibroblast (C). H&E stain, 100X.

Figure 9: A photomicrograph of the treated group on 15" day Figure 11: A photomicrograph of treated group on 30™ day
post operation shows inflammatory cells infiltration (A), post operation shows hypertrophy of goblet cells (A), normal
congestion of blood vessels (B), hyperplasia of epithelial columnar epithelial cells (B), and hyperplasia of goblet cells
cells in the mucosa (C), and myocytes. H&E stain, 100X. (C). H&E stain, 100X.
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Figure 12: A photomicrograph of the treated group on 30%
day post operation shows hypertrophy of goblet cells (A),
normal columnar epithelial cells (B), hyperplasia of
epithelial cells (C), and hyperplasia of epithelial cells lining
tracheal gland (D). H&E stain, 400X.

Discussion

In the control group, body temperature slightly increased
in the first days then it returns to its normal level, while the
body temperature of the treated group was within usual
limits. This difference could be related to nanomaterials'
antibacterial and anti-inflammatory properties; Paladini and
Pollini (32) and Baygar et al. (33) agree with this conclusion,
which revealed that silver nanoparticles can accelerate
wound healing. Also, Rath et al. (34) reported that Ag NPs
accelerate wound healing, due to its hemostasis capabilities.
Adhesion developed with the surrounding tissues due to
inflammatory response to tissue injury in the control group.
At the same time, there was little or no adhesion with the
surrounding tissue in the treated group.

Wound healing is directly related to the likelihood of a
successful surgical treatment. Wounds treated with Ag NPs
improved a shortened healing time, and reduced
hypertrophic scarring. Furthermore, a higher level of
vascular endothelial growth factor was found in
keratinocytes along the wound's edge, indicating that Ag
NPs may encourage angiogenesis, which promoting wound
healing. These findings suggested that Ag NPs could have
cosmetic impacts in addition to playing a role in wound
healing by controlling different cytokines, particularly
inflammatory cytokines (18,35). Ag NPs have the ability to
decrease collagen and hydroxyproline levels while
increasing keratinocyte migration and proliferation and
encourage fibroblast development into myofibroblasts. They
could all help with the initial wound adhesion, contraction,
and closure. So, Ag NPs provide a beneficial effect in wound
repair for both postoperative outcomes and clinical wound
management (18,36).
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The variation of histopathological findings between both
control and treated groups, was due to the presence of silver
nanoparticles at the surgical site, which promotes healing by
attracting macrophages and fibroblast cells and speeding up
apoptosis to eliminate dead cells, also stimulates
revascularization and tissue regeneration, all these facts
concur with Park et al. (37) who demonstrate these results.
According to Imani and Safaei (38), using nanoparticles
elevates the surface area to volume ratio, which enhances
nanoparticle penetrating and interactions with body tissues.
Because of the small particle size, it penetrates deeply into
tissues and increases cellular absorption. Also, You et al.
(39) revealed that surface-functionalized nanomaterials
modulated the inflammatory process and improved the
wound healing proliferation stage through fast fibroblasts
and collagen deposition. Kumar et al. (40) documented that
using Ag NP in wounds led to decreased wound area, fewer
macrophages, and more fibroblasts, all were consistent with
our findings. Singla et al. (41) found that Ag NP can enhance
wound healing by increasing collagen and growth factor
expression, angiogenesis, promoting re-epithelialization,
and collagen deposition. Active involvement of
silver nanomaterials in healing process could also be linked
to the conversion of fibroblasts into myofibroblasts, which
helps to reduce wound size, speed up healing, and increase
keratinocyte proliferation and motion resulting in wound
reduction and quicker wound closure (42,43). Compared to
untreated wounds, silver-treated wounds healed
substantially faster. This accelerated wound closure indicates
that silver accelerates re-epithelialization, causing
keratinocyte growth and metastasis. This was accompanied
by a decrease in the production of hypertrophic and keloid
granulation tissue, implying that the AG NPs inhibit
fibroblast formation or accelerate fibroblast transformation
into myofibroblasts (42).

Conclusion

In conclusion, silver nanoparticles can speed up the
healing of tracheal wounds while causing a small degree of
pathology at the surgical site and decreasing wound healing
time, as demonstrated by clinical and histopathological
outcomes.

Acknowledgments

The author is grateful for the help and facilities offered
by the Surgery and Theriogenology Department staff at
Veterinary Medicine College, University of Mosul.

Conflict of interest

Manuscript author states that neither data nor writing
possessed any conflicts of interest.



Iragi Journal of Veterinary Sciences, Vol. 38, No. 4, 2024 (941-948)

References

10.

11.

12.

13.

14.

15.

16.

17.

Aspinall V, Capello M, Japery A. Introduction to Veterinary Anatomy
and Physiology Textbook. 2" ed. UK: Butter Worth Heinemann,
Elsevier; 2009. 90-96 p.

Sirmali M, Kaya S, Tastepe I, Turut H, Gulhan E, Gezer S, Topgu S,
Cetin G. Analysis of 56 patients who underwent tracheal surgery. Turki
J Thorac Cardiovasc Surg. 2006;14(4):299-303. [available at

Kuzucu A, Erkal HS, Kirimlioglu H, Batgioglu K, Yiicel N, Serin M.
The effects of granulocyte colony-stimulating factor on the healing of
tracheal anastomosis following radiation therapy in rats. Eur J Cardio-
Thorac Surg. 2006;30(6):30:840-845. DOl:
10.1016/j.ejcts.2006.09.023

Etienne H, Fabre D, Caro AG, Kolb F, Mussot S, Mercier O, Mitilian
D, Stephan F, Fadel E, Dartevelle P. Trachea replacement. Eur Respir
J. 2018;51(2):1702211. DOI: 10.1183/13993003.02211-2017

Lee SJ, Choi JS, Eom MR, Jo HH, Kwon IK, Kwon SK, Park SA.
Dexamethasone loaded bilayered 3D tubular scaffold reduces
restenosis at the anastomotic site of tracheal replacement: In vitro and
in vivo assessments. Nanoscale. 2020;12(8):4846-4858. DOI:
10.1039/c9nr10341d

Wei S, Zhang Y, Luo F, Duan K, Li M, Lv G. Tissue-engineered
tracheal implants: Advancements, challenges, and clinical
considerations.  Bioeng Transl Med. 2024;9:e10671. DOI:
10.1002/btm2.10671

Pahuja R, Seth K, Shukla A, Shukla RK, Bhatnagar P, Kumar P,
Chaturvedi RK, Gupta KC. Trans-blood brain barrier delivery of
dopamine-loaded nanoparticles reverses functional deficits in
parkinsonian rats. Am Chem Soc Nano. 2015;9(5):4850-4871. DOI:
10.1021/nn506408v

Bader OA, Eesa MJ. Effect of nano-magnesium oxide and harmonic
scalpel on lung lobectomy healing in dogs: Clinical and cytokine study.
Iraqgi J Vet Sci. 2021;5(4):649-656. DOl:
10.33899/ijvs.2021.127611.1514

Taha AN, Ismail HK. The impact of nano zinc oxide particles on the
histology of the male reproductive system of adult male rabbits. Iraqi J
Vet Sci. 2023;37(1):105-113. DOI: 10.33899/ijvs.2022.133632.2270
Bader OA, Jasim A, Jawad MJ, Nahi HH. The role of PLGA/TPGS
nanoparticle on xylazine-ketamine anesthetic activity in male albino
rabbits.  Iragi J Vet Sci. 2022;36(1):201-206. DOI:
10.33899/ijvs.2021.129688.1679

Ferreira MP, Balasubramanian V, Hirvonen J, Ruskoaho H, Santos HA.
Advanced nanomedicines for the treatment and diagnosis of myocardial
infarction and heart failure. Curr Drug Targets. 2015;16(14):1682-
1697. DOI: 10.2174/1389450115999141030143923

Mohammed SA, Ali AA. Effect of selenium nanoparticles against
protoscoleces of Echinococcus granulosus in vitro and hydatid cysts in
mice. Iraqi J Vet Sci 2022;36(1):195-202. DOI:
10.33899/ijvs.2022.135838.2535

Safaei M, Taran M. Optimal conditions for producing bactericidal
sodium hyaluronate-TiO2 bionanocomposite and its characterization.
Int J Biol Macromol. 2017;104:449-456. DOI:
10.1016/j.ijbiomac.2017.06.016

Sharifi R, Khazaei S, Mozaffari HR, Amiri SM, Iranmanesh P. Mousavi
SA. Effect of massage on the success of anesthesia and infiltration
injection pain in maxillary central incisors: Double-blind, crossover
trial. Dent Hypotheses. 2017;8(3):61-64. DOl:
10.4103/denthyp.denthyp_52_16

Mozaffari HR, Sharifi R, Sadeghi M. Interleukin-6 levels in the serum
and saliva of patients with oral lichen planus compared with healthy
controls: A meta-analysis study. Cent Eur J Immunol. 2018;43(1):103-
108. DOI: 10.5114/ceji.2018.74880

Bramhill J, Ross S, Ross G. Bioactive nanocomposites for tissue repair
and regeneration: A review. Int J Environ Res Public Health.
2017;14:66-87. DOI: 10.3390/ijerph14010066

Bader OA, Eesa MJ. Effect of harmonic scalpel and nano-magnesium
oxide on lung lobectomy healing in dogs: Macroscopic and microscopic

947

18.

19.

20.

21

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

study. Int J Pharm Res. DOI:
10.31838/ijpr/2020.SP1.253

Xu L, Wang Y, Huang J, Chen C, Wang Z, Xie H. Silver nanoparticles:
Synthesis, medical applications and biosafety. Theranostics.
2020;10(20):8996-9031. DOI: 10.7150/thno.45413

Bindhu MR, Umadevi M. Surface plasmon resonance optical sensor
and antibacterial activities of biosynthesized silver nanoparticles.
Spectrochim Acta A Mol Biomol Spectrosc. 2014;121:596-604. DOI:
10.1016/j.s2a.2013.11.019

Uttayarat P, Eamsiri J, Tangthong T, Suwanmala P. Radiolytic
synthesis of colloidal silver nanoparticles for antibacterial wound
dressings. Adv Mater Sci Eng. 2015:1-6. DOI: 10.1155/2015/376082
Sullivan MP, McHale KJ, Parvizi J, Mehta S. Nanotechnology: Current
concepts in orthopaedic surgery and future directions. Bone Joint J.
2014;96(5):569-573. DOI: 10.1302/0301-620X.96B5

Konop M, Damps T, Misicka A, Rudnicka L. Certain aspects of silver
and silver nanoparticles in wound care: A minireview. J Nanomater.
2016;1(4):10. DOI: 10.1155/2016/7614753

Gherasim O, Puiu RA, Birca AC, Burdusel A, Grumezescu AM. An
updated review on silver nanoparticles in biomedicine. Nanomater.
2020;10:2318-2362. DOI: 10.3390/nan010112318

YuR, Li W, CaoJ, DuY, Ye H, Shan W, Chen X, Huiping W, Cai S,
Yang S, Yang N. Green synthesis of AgNPs, characterization as an
effective wound healing agent in the wound care after anorectal surgery.
Mater Res Express. 2022;9(6):1-10. DOI: 10.1088/2053-1591/ac0d2c
Khalil F, Akbar H, Hayat M, Rasheed H, Aslam S, Safdar A, Ahmad F,
Ahmad H, Sajjad M. Comparative efficacy of platelet-rich plasma and
dextrose prolotherapy for stifle joint arthritis in a rabbit model. Iraqi J
Vet Sci. 2023;37(2):531-536. DOI: 10.33899/ijvs.2022.133730.2285
Khaleefa MA, Emran HA. Histopathological study of the effect of using
repeated doses of platelets-rich plasma on articular cartilage repair in
Rabbits. Iragi J Vet Sci. 2022; 36(1):203-210. DOI:
10.33899/ijvs.2022.135928.2543

Bader OA, Nahi HH. The effects of thyroidectomy on healing fracture
in rabbits model. Iragi J Vet Sci. 2022;36(3):563-570. DOI:
10.33899/ijvs.2021.130893.1897

Liu Y, Zheng K, Meng Z, Wang L, Liu X, Guo B, He J, Tang X, Liu
M, Ma N, Li X, Zhao J. A cell-free tissue-engineered tracheal substitute
with sequential cytokine release maintained airway opening in a rabbit
tracheal ~ full  circumferential  defect = model.  Biomater.
2023;300(2023):122208. DOI: 10.1016/j.biomaterials.2023.122208
Menichetti A, Mavridi-Printezi A, Mordini D, arco Montalti M. Effect
of size, shape and surface functionalization on the antibacterial activity
of silver nanoparticles. J Funct Biomater. 2023;14(5), 244-265. DOI:
10.3390/jfb14050244

Selvakumar P, Sithara R, Viveka K, Sivashanmugam P. Green
synthesis of silver nanoparticles using leaf extract of Acalypha hispida
and its application in blood compatibility. J Photochem Photobiol B
Biol. 2018;182:52-61. DOI: 10.1016/j.jphotobiol.2018.03.018
Subramanian P, Ravichandran A, Manoharan V, Muthukaruppan R,
Somasundaram S, Pandi B, Krishnan A, Marimuthu PN,
Somasundaram SN, You S. Synthesis of Oldenlandia umbellata
stabilized silver nanoparticles and their antioxidant effect, antibacterial
activity, and biocompatibility using human lung fibroblast cell line WI-
38. Process Biochem. 2019;86:196-204. DOI:
10.1016/j.prochio.2019.08.002

Paladini F, Pollini M. Antimicrobial silver nanoparticles for wound
healing application: Progress and future trends. Materials.
2019;12(16):2540. DOI: 10.3390/mal12162540

Baygar T, Sarac N, Ugur A, Karaca IR. Antimicrobial characteristics
and biocompatibility of the surgical sutures coated with biosynthesized
silver nanoparticles. Bioorg Chem. 2019;86:254-258. DOI:
10.1016/j.bioorg.2018.12.034

Rath G, Hussain T, Chauhan G, Garg T, Goyal AK. Collagen nanofiber
containing silver nanoparticles for improved wound-healing
applications. J Drug Target. 2016;24(6):520-529. DOI:
10.3109/1061186X.2015.1095922

Rigo C, Ferroni L, Tocco I, Roman M, Munivrana I, Gardin C, Cairns
WL, Vindigni V, Azzena B, Barbante C, Zavan B. Active silver

2020;12(1):1644-1652.



https://tgkdc.dergisi.org/summary_en.php3?id=1038
https://doi.org/10.1016/j.ejcts.2006.09.023
https://doi.org/10.1183/13993003.02211-2017
https://doi.org/10.1039/c9nr10341d
https://doi.org/10.1002/btm2.10671
https://doi.org/10.1021/nn506408v
https://doi.org/10.33899/ijvs.2021.127611.1514
https://doi.org/10.33899/ijvs.2022.133632.2270
https://doi.org/10.33899/ijvs.2021.129688.1679
https://doi.org/10.2174/1389450115999141030143923
https://doi.org/10.33899/ijvs.2022.135838.2535
https://doi.org/10.1016/j.ijbiomac.2017.06.016
https://doi.org/10.4103/denthyp.denthyp_52_16
https://doi.org/10.5114/ceji.2018.74880
https://doi.org/10.3390/ijerph14010066
https://doi.org/10.31838/ijpr/2020.SP1.253
https://doi.org/10.7150/thno.45413
https://doi.org/10.1016/j.saa.2013.11.019
https://doi.org/10.1155/2015/376082
https://doi.org/10.1302/0301-620X.96B5
https://doi.org/10.1155/2016/7614753
https://doi.org/10.3390/nano10112318
https://doi.org/10.1088/2053-1591/ac0d2c
https://doi.org/10.33899/ijvs.2022.133730.2285
https://doi.org/10.33899/ijvs.2022.135928.2543
https://doi.org/10.33899/ijvs.2021.130893.1897
https://doi.org/10.1016/j.biomaterials.2023.122208
https://doi.org/10.3390/jfb14050244
https://doi.org/10.1016/j.jphotobiol.2018.03.018
https://doi.org/10.1016/j.procbio.2019.08.002
https://doi.org/10.3390/ma12162540
https://doi.org/10.1016/j.bioorg.2018.12.034
https://doi.org/10.3109/1061186X.2015.1095922

36.

37.

38.

39.

40.

41.

42.

43.

Iragi Journal of Veterinary Sciences, Vol. 38, No. 4, 2024 (941-948)

nanoparticles for wound healing. Int J Mol Sci. 2013;14(3):4817-4840.
DOI: 10.3390/ijms14034817

Chowdhury S, De M, Guha R, Batabyal S, Samanta I, Hazra SK, Ghosh
TK, Konar A, Hazra S. Influence of silver nanoparticles on post-
surgical wound healing following topical application. Eur J Nanomed.
2014;6(4):237-247. DOI: 10.1515/ejnm-2014-0030

Park EJ, Choi J, Park YK, Park K. Oxidative stress induced by cerium
oxide nanoparticles in cultured BEAS-2B cells. Toxicol.
2008;245(2):90-100. DOI: 10.1016/j.tox.2007.12.022

Imani MM, Safaei M. Optimized synthesis of magnesium oxide
nanoparticles as bactericidal agents. J Nanotechnol. 2019(3):1-6. DOI:
10.1155/2019/6063832

You C, Li Q, Wang X, Wu P, Ho JK, Jin R, Zhang L, Shao H, Han C.
Silver nanoparticle loaded collagen/chitosan scaffolds promote wound
healing via regulating fibroblast migration and macrophage activation.
Sci Rep. 2017;7(1):10489. DOI: 10.1038/541598-017-10481-0

Kumar SS, Rajendran NK, Houreld NN. Abrahamse H. Recent
advances on silver nanoparticle and biopolymer-based biomaterials for
wound healing applications. Int J Biol Macromol. 2018;115:165-175.
DOI: 10.1016/j.ijbiomac.2018.04.003

Singla R, Soni S, Patial V, Kulurkar PM, Kumari A, Mahesh S,
Yogendra S, Padwad YS, Yadav SK. In vivo diabetic wound healing
potential of nanobiocomposites containing bamboo cellulose
nanocrystals impregnated with silver nanoparticles. Int J Biol
Macromol. 2017;105:45-55. DOI: 10.1016/j.ijbiomac.2017.06.109

Liu X, Lee PY, Ho CM, Lui VCH, Chen Y, Che CM, Tam PH, Wong
KY. Silver nanoparticles mediate differential responses in keratinocytes
and fibroblasts during skin wound healing. Chem Med Chem.
2010;5(3):468-475. DOI: 10.1002/cmdc.200900502

Vijayakumar V, Samal SK, Mohanty S, Nayak SK. Recent
advancements in biopolymer and metal nanoparticle-based materials in
diabetic wound healing management. Int J Biol Macromol.
2019;122:137-148. DOI: 10.1016/j.ijbiomac.2018.10.120

948

sl et 8 Ay eilil) Adadl) ciliy ja Allad 4 40
QI (B Al 5l dualll) 3 S 1ia

e e

dada csoball bl L g pall Julii ey dalyall g
3l (o sal sl

Ladal)

30 ) Aadl) iy e A 50 ga Al Hall ol (e Cangll IS
1 DG aladiia i 4 sel) daalll L33 jeliall auia se pliill e
Sl Ol slaie (pfie same ) plie JS8 e L 1S3
el (e ol plae by &y pail) il ol o0l o ja) o3 Aldaa g
@ ¢ _haall Ao sana (8 (aaS/pake 10) (3Bl 5 (paS/pake Y1)
de sana b Lai 3 oeliall 5 450 sl daail) Juativl dlee ¢l ya)
Laadl)l Juativl ddee (il 3y adll Gl g (g 23 o3 Alaladll
Gl s e (s sing Jsbae ddlia) a5 clld axy (S5 e ldall 5 400 5¢l)
Goob e il gall (asd Sy b el adge Jga Ay 6Ll Aiadl)
AL\U\):\;QJG_Ei ‘aﬂﬁﬂ\é\iﬂ\‘;.wu%ﬁﬂ\&bu};ﬂ\
Ao gana go ALl wad ledl) Jeli Ll ¢ 3kl de sana
M‘;QU\)@\ @u‘;ﬂ;‘\ Caad 45 ) C\Aﬁ.\\hv\ge}) ccvud\
il sl s (S5 6l A ) dolaall (e iy 38 (53 5 (i ganall
3 gl QY e Ay gl il Slead) Gl jal (e Al
s 5kl de sanal i pall ol il 5 Ll el
e Alball sale Jon 4 geal due V1 A gis anall il Sea
eliadl 8 aad el Jeld @llia (IS LS A<l DAY aas
Ao 9V (S pe Agpadl Al ) shaly &G el Aallaal e gandll
a5 2SI LAY adial ae AleilV) WAL # LS ) 5 4y gell
eliall & Agydall 4 gend)l 4 ledall LAY Ayseal) Ao Y
Ao sana b Al el Al #OLa) of @lld e paliiug | il
3okl de sene e gl IS 230


https://doi.org/10.3390/ijms14034817
https://doi.org/10.1515/ejnm-2014-0030
https://doi.org/10.1016/j.tox.2007.12.022
https://doi.org/10.1155/2019/6063832
https://doi.org/10.1038/s41598-017-10481-0
https://doi.org/10.1016/j.ijbiomac.2018.04.003
https://doi.org/10.1016/j.ijbiomac.2017.06.109
https://doi.org/10.1002/cmdc.200900502
https://doi.org/10.1016/j.ijbiomac.2018.10.120

