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Silver Nanoparticle–Integrated Nile Tilapia Skin Improves Healing of Skin Burn
Wounds in Sprague Dawley Rats
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In developing nations, skin burns create a signi�cant economic and medical burden, given the 

lack of proper infection control, which leads to high morbidity and mortality. Tilapia �sh skin and 

silver nanoparticles (AgNPs) have strong antibacterial and healing-promoting abilities as a 

traditional biological dressing and as a potent biological dressing, respectively. Objectives: To 

measure the wound-healing ability of AgNP-modi�ed Tilapia �sh skin on second-degree burns 

in Sprague Dawley rats. Methods: A total of 20 male rats were categorized into four groups, 

namely Group 1 (normal skin), Group 2 (burn), Group 3 (burn treated with Tilapia �sh skin), and 

Group 4 (burn treated with Tilapia �sh skin conjugated with AgNPs). The method applied to 

induce the second-degree burns involved a heated metal block, and treatments were done after 

24 hours. Day 21, histological and biochemical samples of the skin were taken, and they 

underwent ELISA and hydroxyproline assays. Results: The concentration of the hydroxyproline 

levels was raised signi�cantly (375.67 ± 42.16 µg/mg) in comparison with Group II (96.00 ± 4.36 

µg/mg). There was an increase in VEGF and SDF-1a, which means that angiogenesis and tissue 

repair were increased. Antioxidant parameters were found to restore GSH (0.272 ± 0.0157 

µmol/mg) and normalize SOD and CAT activities, and they reduced MDA (0.024 ± 0.0026 

nmol/mg). Liver, kidney, and heart histology were normal. Conclusions: AgNPs impaired tilapia 

�sh skin enhances the healing of the burn wound through the increased production of collagen, 

angiogenesis, and the antioxidant response without causing systemic toxicity and making it a 

safe, cost-effective biological dressing.
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(MDR) bacteria [5]. Silver nanoparticles (AgNPs) have been 
reported to have antimicrobial activity against many MDR 
Gram-positive and Gram-negative bacteria. AgNPs in 
synergy with antibiotics improve the antibacterial e�cacy, 
potentially reducing the side effects [6, 7]. AgNPs exhibit 
antibacterial,  antioxidant, and anti-in�ammator y 
properties owing to better wound healing [8-10]. The 
present study combines the healing potential of tilapia �sh 
skin  with  the antibacteria l  proper t ies  of  s i lver 
nanoparticles. We hypothesized that the synergistic 
combination of Tilapia skin and AgNPs would result in a 
composite dressing that signi�cantly accelerates burn 
wound healing compared to either component alone, by 
c o n c u r r e n t l y  e n h a n c i n g  c o l l a g e n  d e p o s i t i o n , 

I N T R O D U C T I O N

Millions of people are affected by Skin Burns annually, with 
a severe burden on a global level [1], particularly in 
developing nations because of the lack of resources and 
proper facilities [2]. In Pakistan, the case is even more 
complicated by the late treatment and the ignorance of the 
population, which results in the high infection rate [3]. 
Tilapia �sh with skin contains high collagen, moisture 
retention, and is biocompatible. In a Phase III randomized 
c o n t r o l l e d  t r i a l ,  i t  s i g n i � c a n t l y  i n c r e a s e d  r e -
epithelialization, decreased pain, and lowered the 
treatment costs compared to silver sulfadiazine cream in 
patients with partial-thickness burns [4]. In Pakistan, 
infections in the burn wounds are a major cause of 
morbidity and mortality due to the multidrug-resistant 
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angiogenesis, and antioxidant defense while preventing 
infection. 
The objective of this study was to evaluate the e�cacy and 
biosafety of this novel AgNP-integrated Tilapia skin 
dressing on second-degree burn wounds in a rat model.

This experimental study was conducted at the University of 

Lahore from 1 December 2023 to 30 May 2024. Fresh Tilapia 

(Oreochromis niloticus) from the River Nile was procured 

from the Fisheries Research and Training Institute, Lahore. 

Skin was carefully separated from the muscle using a sharp 

and blunt dissection method.  Isolated skin samples were 

washed with normal saline and cut into 2 × 2 cm patches. A 

starch solution was prepared in deionized water, and 100 

mL of silver nitrate (Ag-NO₃) solution was added to it. The 

mixture was transferred to a dark glass bottle and 

autoclaved for 5 minutes. The yellow color indicated the 

formation of Ag-NPs, which were stored at room 

temperature away from direct sunlight. The initial 

yellowish-brown color observed indicated the preliminary 
oreduction of Ag⁺ ions to Ag  nanoparticles, attributed to 

surface plasmon resonance. However, the formation and 

stability of Ag-NPs were further con�rmed through UV–Vis 

spectroscopy, TEM, DLS, and zeta potential analyses. 

UV–Visible spectroscopy con�rmed the surface plasmon 

resonance peak at 420 nm, indicating Ag-NP formation. 

Transmission Electron Microscopy (TEM) images showed 

spherical particles averaging 25–35 nm in size. Dynamic 

Light Scattering (DLS) analysis con�rmed a narrow size 

distribution (PDI = 0.21), while zeta potential measurements 

(–28.6 mV) indicated good colloidal stability. The 

concentration of silver nitrate used for nanoparticle 

synthesis was 1 mM, and after puri�cation, the �nal 

colloidal Ag-NP concentration was approximately 0.85 mM, 

corresponding to an 85% yield. Concentration and yield 

were determined by gravimetric analysis following 

centrifugation and drying of Ag-NP pellets at 60°C for 12 

hours. The sample size was justi�ed with the following 

addition: A sample size of �ve rats per group (n=5) was 

determined to be adequate based on a power analysis 

conducted using G*Power software (version 3.1.9.7). The 

calculation assumed an effect size (f) of 0.4, an alpha error 

probability of 0.05, and a statistical power (1-β) of 0.8 for a 

one-way ANOVA design with four groups. This effect size is 

consistent with similar previously published studies on 

burn wound healing in rodent models. Twenty healthy male 

Sprague Dawley rats (200–250 g) were acclimatized at 22 ± 

2°C for one week with free access to food and water. Rats 

were anesthetized with intraperitoneal injection of 

ketamine and xylazine. Second-degree burn was in�icted 

with a solid iron bar (2 × 2 cm) heated in boiling water (100°C), 

leading to surgical debridement to remove necrotic tissue. 

Application of Tilapia skin on excisional burn Wounds was 

done. Animals were divided into four groups (n = 5 per 

group): Group I Normal (no burn); Group II Burn only; Group 

III Burn + Tilapia �sh skin; Group IV Burn + Tilapia �sh skin 

functionalized with Ag-NPs. For Group IV, each Tilapia skin 

patch (2 × 2 cm) was coated with 2 mL of Ag-NP colloidal 

solution (0.85 mM) and allowed to dry for 30 minutes under 

sterile laminar �ow conditions before application. This 

ensured uniform nanoparticle adsorption and consistent 

dosing across treated wounds. Fish skins were applied 

after 24 hours of the wound. All rats were sacri�ced on day 

21 to evaluate tissue regeneration and biosafety. Guidelines 

of the American Veterinary Medical Association (AVMA) 

were followed for the Euthanasia (2020) [11].  Wound areas 

were traced on transparent sheets and photographed with 

a metric ruler for calibration. The images were coded, and 

the wound area (mm²) was measured by an investigator 

blinded to the experimental groups using ImageJ software 

(version 1.53t, NIH, USA)." Wound areas were recorded on 

days 7, 14, and 21 by tracing the margins on transparent 

sheets. All rats were carefully monitored for any sign of 

infection, including fever and pus. Ibuprofen BP (100 mg/5 

mL) was administered daily to all rats as an analgesic. 

Wound areas were traced on transparent sheets and 

photographed with a metric ruler for calibration. Images 

were analyzed using ImageJ software (version 1.53t, NIH, 

USA). Wound area (mm²) was measured at days 7, 14, and 21, 

and percentage wound contraction was calculated as: 

Wound contraction (%)=A0−AtA0×100\t ext (Wound 

contraction (\%)) = \frac(A_0 - A_t)(A_0) \times 100Wound 

contraction (%)=A0 A0 −At  ×100, where A0A_0A0  is the initial 

wound area and AtA_tAt  is the wound area at each time 

point. Histopathological analysis of skin tissue was done. 

Skin samples were �xed in 10% neutral buffered formalin at 

room temperature overnight. The tissues were then 

dehydrated in ethanol (70%, 80%, 90%, and 100%), treated 

with xylene, and embedded in para�n wax. Staining was 

performed as reported by our research group [5]. 

Estimation of hydroxyproline was done. Hydroxyproline is a 

key marker of collagen content and extracellular-matrix 

remodeling [12]. Skin was dried at 60°C for 24 hours, which 

was transferred to an Eppendorf tube and hydrolyzed with 6 

N HCl for 12 hours. The acid was neutralized with 10 N NaOH, 

and the resulting lysate was diluted to 20 mg/mL of water. 

From this, 300 µL was transferred to a test tube, and 0.01 M 

CuSO₄, 2.5 N NaOH, and 6% H₂O₂ were added. After 

vigorously shaking for 5 minutes, the tubes were incubated 

at 80°C for 10 minutes. Samples were treated with 3 N H₂SO₄ 

and freshly prepared P-dimethylaminobenzaldehyde 

(PDMAB). This mixture was incubated at 75°C for 15 

minutes, cooled, absorbance was taken at 540 nm. Indirect 

M E T H O D S

57
LLPCopyright © 2024. FBT, Published by Lahore Medical Research CenterFBT VOL. 4 Issue. 3 July-Sep 2024

          DOI: https://doi.org/10.54393/fbt.v4i03.205
Wajid N et al.,

Silver Nanoparticle–Integrated Nile Tilapia: Sprague Dawley Rats



ELISA was performed to quantify VEGF and SDF-1 levels 

using commercial ELISA kits (MyBioSource, USA; Cat. Nos. 

MBS723495 and MBS2508553). Protein extracts (50 µL) 

from skin tissue were added to 96-well plates and incubated 

overnight for antigen adsorption. After washing with PBS-T, 

wells were incubated with rabbit anti-rat VEGF or rabbit 

anti-rat SDF-1 primary antibodies (1:1000 dilution), followed 

by HRP-conjugated goat anti-rabbit IgG secondary 

antibody (1:2000 dilution). The TMB substrate was added to 

initiate the enzyme–substrate reaction, and 2 M HCl was 

used to stop the reaction. Absorbance was measured at 

450 nm (reference 650 nm) using a microplate reader 

(BioTek ELx808, USA). Each sample was measured in 

triplicate, and the mean value was used for analysis. A 

pooled control sample was included on each plate to 

calculate the inter-assay coe�cient of variation (CV), 

which was maintained below 10%. The activity of 

antioxidant enzymes, including catalase (CAT), superoxide 

dismutase (SOD), glutathione (GSH), and malondialdehyde 

( M D A ) ,  w a s  d e t e r m i n e d  u s i n g  s t a n d a r d i z e d 

spectrophotometric protocols. Reagent concentrations 

and reaction volumes were standardized to maintain linear 

reaction kinetics and reproducibility. Activity of antioxidant 

enzymes (CAT, SOD, GSH, and reactive oxygen species MDA 

were estimated from skin tissue homogenates according 

to our lab's standard protocols [13]. All spectrophotometric 

measurements for antioxidant enzymes and MDA were 

performed in duplicate for each sample. The intra-assay CV 

was consistently below 8% for all parameters. Glutathione 

(GSH) estimation: 50 µL homogenate of the tissue and 50 µL 

disodium hydrogen phosphate (0.3 M) were combined and 

centrifuged at 13,000 rpm for 10 minutes. 18.2 µL of the 

supernatant was combined with 72.7 µL disodium hydrogen 

phosphate (0.3 M) and 9 µL of DTNB (0.001 M). Absorbance 

was taken at 520 nm. Estimation of CAT: 1 mL of the skin 

protein was combined with 1 mL of 10 mM PBS and 

centrifuged at 13,000 rpm at 4°C. 286 uL supernatant was 

combined with 143 μL 10 mM phosphate buffer and 57.1 uL 

0.2 M H2O2 and boiled for 10 minutes. Samples were left to 

cool, and the absorbance at 530nm was taken. Superoxide 

Dismutase (SOD): 100 mL of 50 percent TCA was added to 

100 mL of protein. The mixture was centrifuged at 13,000 

rpm for 10 minutes, and 30 µL supernatant was mixed with 

300 µL of 50 mM sodium phosphate buffer (pH 8.3), 30 µL 

phenazine methosulfate, 90 µL NBT, and 60 µL NADH. After 

10 minutes, acetic acid and n-butanol were added, and the 

samples were centrifuged at 2,000 rpm for 5 minutes. 

Absorbance of the upper layer was taken at 520 nm. 

Estimation of Malondialdehyde (MDA): Tissue homogenate 

was centrifuged at 13,000 rpm for 10 minutes at 4°C. 20 µL 

of homogenate was mixed with 20 µL of 8.1% SDS, 150 µL 

(0.8%) TBA, and 150 µL (20%) acetic acid (pH 3.5). Using 

Measurement of wound areas was done on days 7, 14, and 21 

with tracing paper and measured subsequently after 

calibration (1 cm = 10 pixels) in ImageJ software. The wound 

area was found to decrease progressively in all the treated 

groups where dressings were placed on the wounds. On day 

21, near total epithelialization (about 95 percent wound 

contraction) was detected in rats in which the wounds were 

sprayed with Tilapia skin conjugated with Ag-NPs. There 

was no pus formation, tissue necrosis, or infection 

observed in either of the two experimental groups (A and B). 

Group II (burn only) skin of rats exhibited partial re-

epithelialization and in�ammatory-cell-in�ltration, and 

necrotic debris. Conversely, Group IV (Tilapia �sh skin + Ag-

NPs) showed full re-epithelialization of tissues with distinct 

epidermal layers, a high number of �broblasts, and thick 

deposits of  col lagen,  which showed high t issue 

regeneration (C). On day 7, hydroxyproline levels were 

675.33 ± 26.10 µg/mg in Group I (normal), 20.67 ± 2.08 µg/mg 

in Group II (burn), 31.33 ± 3.51 µg/mg in Group III (Tilapia skin), 

and 49.33 ± 1.53 µg/mg in Group IV (Tilapia + Ag-NPs). These 

results indicate a signi�cant reduction of hydroxyproline in 

the burn group compared with the normal group and a 

marked recovery in Groups III and IV. On day 14, Group IV 

showed the highest hydroxyproline (102.33 ± 6.66 µg/mg) 

compared with 67.40 ± 4.93 µg/mg in Group II, indicating 

enhanced granulation-tissue development. By day 21, 

hydroxyproline further increased to 375.67 ± 42.16 µg/mg in 

Group IV versus 96.00 ± 4.36 µg/mg in Group II and 292.67 ± 

11.93 µg/mg in Group III (D). All values are expressed as mean 

distilled water, the volume of the mixture was raised to 400 

µL, which was then boiled at 90°C for 60 minutes.

MDA was then cooled and extracted with 500 µL of n-

butanol and pyridine solution (15:1). The centrifugation 

absorbance of the top layer was measured at 532 nm. The 

hearts, livers, and kidneys of all study groups were removed 

and stained with the use of hematoxylin and eosin (H&E) as 

mentioned above. A microscope (Olympus, USA) was used 

to view the slides in order to evaluate any morphological 

changes. All data are in the form of mean as standard 

deviation (SD). The test of normality of data distribution was 

conducted with the aid of the Shapiro-Wilk test, and the 

homogeneity of the variances was tested with the 

assistance of the Brown-Forsythe test. GraphPad Prism 

software (version 9.5.0, GraphPad Software, USA) was used 

to statistically analyze the results. General comparisons 

between several groups were done using a one-way 

analysis of variance (ANOVA), and then, the post-hoc test 

was done using Tukey to establish speci�c group 

differences. There are speci�c p-values reported where 

signi�cant post-hoc comparisons are present, and the 

probability value of p<0.05 was deemed signi�cant.
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Figure 1: Wound Contraction, Histopathological Evaluation, 
Hydroxyproline Content (µg Hydroxyproline Per mg Dry Tissue)

± SD (n=5). These results indicate a statistically signi�cant 

reduction (p <0.001) of hydroxyproline in the burn group 

compared with the normal group and a signi�cant recovery 

(p<0.01 for Group III; p<0.001 for Group IV) in the treated 

groups (Figure 1). 

VEGF (ng per mg protein) VEGF levels were highest in Group 

IV (0.364 ± 0.0230) compared with 0.132 ± 0.0097 in Group I, 

0.153 ± 0.0039 in Group II, and 0.261 ± 0.0083 in Group III. 

These �ndings indicate that Tilapia skin conjugated with 

AgNPs markedly promoted neovascularization and 

granulation-tissue formation. Indicating signi�cantly 

improved (p<0.001) recruitment of progenitor/stem cells to 

the wound site. SDF-1 (ng per mg protein) SDF-1 levels were 

signi�cantly reduced in Group II (0.259 ± 0.0059) compared 

with Group I (0.668 ± 0.0416), consistent with burn-induced 

depletion of stem-cell signaling. They were partially 

restored in Group III (0.534 ± 0.0286) and fully restored in 

Group IV (0.650 ± 0.0217), indicating improved recruitment 

of progenitor/stem cells to the wound site. (Corrected 

trend and unit clari�ed; previous numerical inconsistency 

resolved). Glutathione (GSH; µmol/g tissue). Group II had a 

considerable depletion of GSH than Group I (0.203 ± 0.0098 

vs 0.287 ± 0.0253), which showed the existence of oxidative 

stress. Group III and Group IV had an improved GSH level of 

0.275 and 0.272, respectively. Catalase (CAT; U/mg 

protein). Group I and Group II had CAT activity of 0.144 +/- 

0.0033 U/mg and Group II respectively, which was 

signi�cantly higher 0.978 +/- 0.0103, as a compensatory 

response to the antioxidant. Activity also rose in Group III 

(1.263 ± 0.0258), and returned to normal in Group IV (1.137 ± 

0.0226), which is good evidence of a redox balance 

restoration. Superoxide Dismutase (SOD; U/ mg protein) 

SOD levels shot up in the Group II (1.170 ± 0.0067) relative to 

Group I (0.106 ± 0.0141), which indicates an oxidative injury. 

They stabilized in Group III (0.984 ± 0.0571) and reverted to 

baseline in Group IV (0.963 ± 0.0031), and this indicates 

successful mitigation of superoxide stress by AgNP-

conjugated Tilapia skin. Malondialdehyde (MDA; nmol/mg 

protein). The MDA level rose to 1.126 ± 0.0065 nmol/mg in 

Group II and 0.045 + 0.0427 nmol/mg in Group I, which 

means that lipid peroxidation was more effective in Group II 

compared to Group I after burn injury. Values went up to 

0.979 + 0.0418 nmol/mg in Group III and even less (0.024 + 

0.0026) in Group IV. These results indicate the existence of 

antioxidative and cytoprotective properties of Ag-NPs and 

Tilapia skin, which reduced the occurrence of lipid 

peroxidation and enhanced tissue regeneration (Figure 2).

Figure 2: Growth Factors and Oxidative-Stress Markers

All the groups of rats studied using histological methods 

showed no pathological lesions, necrosis, or hemorrhage 

of the liver, kidney, or heart. There were normal hepatic 

cords and the architecture of the central vein in the liver. 

Kidney sections revealed normal glomeruli, tubular 

epithelium, and no interstitial in�ammation and necrosis. 

Equally, the heart tissue showed normal myocardial �bers 

with distinct striation, intact nuclei, and devoid of edema, 

degeneration, or in�ammatory in�ltration (Figure 3).

Figure 3: Biological Safety



  

 

  

 

D I S C U S S I O N

The current research aims at exploiting the wound healing 
ability of the skin of Tilapia �sh as well as the antibacterial 
properties of silver nanoparticles (AgNPs). Our results 
show that the combination of Tilapia-AgNPs treatment 
greatly increased the wound closure, collagen deposition, 
and tissue regeneration in comparison with the individual 
treatments, showing a synergistic effect. The Tilapia �sh 
skin will serve as an inherent scaffold of collagen with high 
antimicrobial and anti-in�ammatory properties (AgNPs) 
that prevent infection and facilitate re-epithelialization, 
which is structurally comparable to mammalian type I 
collagen and promotes �broblast migration, keratinocyte 
proliferation, and angiogenesis [14, 15]. This two-fold 
action improves structural repair as well as biological 
defense at  the wound site,  developing an ideal 
microenvironment in which tissue can recover [16, 17]. 
Simultaneous increase in VEGF and SDF-1 in this 
experiment indicates the stimulation of angiogenic and 
p r o g e n i t o r - c e l l  r e c r u i t m e n t  s i g n a l i n g  l i n k i n g 
neovascularization [18-20]. This kind of upregulation of the 
growth factors indicates increased cellular activation of 
endothelial and vascular remodeling, which is essential to 
deliver oxygen to regenerating tissue and nourishment. 
Additionally, the recovery of antioxidant enzyme activities 
(CAT, SOD, and GSH) and MDA decrease suggests 
suppression of oxidative stress and cellular redox 
signaling, which is in line with the established evidence of 
t h e  R O S - s c ave n g i n g  c a p a b i l i t i e s  of  Ag NPs  a n d 
regenerative activity of collagen peptides [21-23]. AgNPs 
may act by suppressing NF-kB, inhibiting ROS-mediated 
in�ammation, and mechanically, Tilapia collagen peptides 
can activate TGF-β and FGF-2 signaling and stimulate 
�broblast growth and organization of the extracellular 
matrix. Such complementary measures have most 
probably the effect of reducing the in�ammatory process 
and hastening the development to the proliferative one, 
leading to accelerated granulation and re-epithelialization. 
More recent �ndings have also revealed that �sh-skin 
collagen scaffolds that are combined with nanoparticles 
increase wound healing through the promotion of 
angiogenesis, matrix remodeling, and collagen �ber 
orientation [10, 24]. Thus, the synergized effect of Tilapia 
collagen and AgNPs must have reduced the in�ammatory 
period and accelerated the process of tissue remodeling, 
which accounts for the better healing results in the 
combined treatment group. Both components were 
therapeutically safe as evidenced by histological analysis 
of liver, kidney, and heart, showing that there was no 
systemic toxicity or biocompatibility. On the whole, these 
results con�rm that the Tilapia-AgNPs composite dressing 
can be considered both effective and biocompatible as a 
potential bioactive method of enhancing the healing of 
burn wounds faster and has a better clinical outcome.

60
LLPCopyright © 2024. FBT, Published by Lahore Medical Research CenterFBT VOL. 4 Issue. 3 July-Sep 2024

          DOI: https://doi.org/10.54393/fbt.v4i03.205
Wajid N et al.,

Silver Nanoparticle–Integrated Nile Tilapia: Sprague Dawley Rats

Biosynthesized AgNPs impregnated on tilapia �sh skin 
demonstrated a possibility of enhancing the healing 
process of burn wounds through collagen, angiogenesis, 
and antioxidant protection. The composite was cost-
effective and biocompatible; hence, there was potential for 
the composite to be a high-quality topical therapeutic 
material. However, further preclinical and clinical studies 
are needed to validate its safety and e�cacy.
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