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Abstract  

DVANCED wound therapies are needed to enhance healing beyond standard care. We compared 

autologous platelet-rich plasma (PRP) with zinc oxide nanoparticles (ZnO NPs) for full-

thickness cutaneous wound repair in rabbits. Thirty-six male New Zealand White rabbits (n = 

12/group) received topical PRP, ZnO NPs, or saline on two standardized dorsal wounds (20 mm in 

diameter). Treatments were applied once daily for 5 days, then on alternate days until closure or Day 

21. Both treatments accelerated healing versus control. On Day 15, mean closure was 95.6% (PRP), 

89.7% (ZnO NPs), and 76.4% (control; all P < 0.001 vs control). Time to ≥99% closure was 17.3 ± 

2.1 (PRP), 19.8 ± 2.4 (ZnO NPs), and 23.7 ± 3.2 days (control); PRP was faster than ZnO NPs (P = 

0.007). PRP yielded higher angiogenesis and VEGF expression at Day 14 (198.5 ± 24.8 vs 168.9 ± 

22.1; P = 0.008) with favorable modulation of TNF-α. Both modalities were safe; PRP showed 

greater overall efficacy. 

Keywords: Platelet-Rich Plasma, Zinc Oxide Nanoparticles, Wound Healing, Angiogenesis, Growth 

Factors. 

 

Introduction  

Cutaneous wound healing involves coordinated 

cellular interactions across three overlapping phases: 

inflammation, proliferation, and remodeling [1]. 

Traditional wound management approaches often 

inadequately address the complex biochemical 

requirements for optimal tissue regeneration, 

particularly in challenging clinical scenarios [2]. This 

limitation has driven research into advanced 

therapeutic modalities that enhance natural healing 

through targeted cellular and molecular interventions 

[3, 4]. 

Platelet-rich plasma (PRP) has emerged as a 

promising autologous biological therapy that 

concentrates growth factors including platelet-

derived growth factor (PDGF), transforming growth 

factor-beta (TGF-β), and vascular endothelial growth 

factor (VEGF) [5, 6]. Clinical evidence demonstrates 

PRP's ability to accelerate wound healing through 

enhanced angiogenesis, cellular proliferation, and 

collagen synthesis. Recent studies showed significant 

wound diameter reduction with PRP treatment, 

accompanied by increased VEGF and TGF-β 

expression and reduced inflammatory markers [7, 8]. 

Zinc oxide nanoparticles (ZnO NPs) represent a 

nanotechnology-based approach with distinct 

therapeutic advantages [9-11]. These nanoparticles 

exhibit multifaceted properties including 

antimicrobial activity, anti-inflammatory effects, and 

direct wound healing enhancement through improved 

cellular proliferation, migration, and angiogenesis 
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[12-14]. Nanoparticle formulation provides enhanced 

bioavailability compared to bulk zinc compounds, 

potentially amplifying therapeutic effects while 

maintaining wound sterility [15]. 

Despite promising individual results for both 

therapies, direct comparative studies evaluating their 

relative efficacy remain limited. PRP leverages 

endogenous growth factor-mediated healing, while 

ZnO NPs act through direct cellular interactions and 

antimicrobial mechanisms [16]. Understanding their 

comparative effectiveness could inform clinical 

decision-making and identify potential synergistic 

opportunities. 

Head-to-head evaluation is essential because PRP 

delivers a biologically rich autologous cocktail of 

growth factors, whereas ZnO NPs combine 

antimicrobial and pro-healing physicochemical 

effects; clinicians must often choose between 

biologic and nanotechnology-based options despite 

limited comparative evidence. 

This research systematically compares the 

efficacy of topical autologous PRP versus zinc oxide 

nanoparticles on full-thickness cutaneous wounds in 

a standardized animal model, evaluating wound 

closure kinetics, histological healing quality, and 

molecular healing markers to provide evidence-based 

insights for wound care management. 

Material and Methods 

Study Design and Animals 

This randomized controlled study compared 

autologous PRP and ZnO NPs efficacy using a 

standardized rabbit model. Thirty-six adult male New 

Zealand White rabbits (2.5-3.0 kg, 6-8 months) were 

randomly allocated into three groups (n=12): PRP 

treatment, ZnO NPs treatment, and saline control. 

Sample size was calculated to detect 20% difference 

in wound closure with 80% power (α=0.05). 

Animals were housed individually under standard 

laboratory conditions (22±2°C, 12-hour light/dark 

cycle) with ad libitum access to standard pellet chow 

and water. All protocols were approved by the 

Institutional Animal Ethics Committee of King 

Faisal University, college of veterinary medicine. 

Surgical Procedure 

Two full-thickness excisional wounds (20 mm in 

diameter) were created using a sterile circular punch 

biopsy tool (Miltex, China), positioned 

symmetrically 5 cm from the midline and 3 cm apart. 

Treatment Preparations 

The final PRP preparation contained a minimum 

3-fold increase in platelet concentration and was 

activated with a 1:10 ratio of 10% calcium chloride 

immediately before application. 

ZnO NPs Synthesis: Zinc oxide nanoparticles 

were synthesized using sol-gel method with zinc 

acetate dihydrate (2.19 g) dissolved in deionized 

water (100 mL) at 60°C. Sodium hydroxide solution 

(0.8 g in 50 mL) was added dropwise under vigorous 

stirring, aged for 2 hours, then centrifuged and 

washed. The precipitate was dried at 80°C for 24 

hours and calcined at 400°C for 2 hours. Final 

suspension was prepared at 1 mg/mL in sterile 

phosphate-buffered saline [18]. 

Treatment Protocol 

Treatments were initiated immediately after 

wounding and applied once daily for the first 5 days, 

then on alternate days until complete closure or Day 

21, whichever occurred first. All wounds were 

created using a 20-mm biopsy punch to standardize 

area, and a fixed volume of 0.2 mL per wound was 

applied at each treatment to ensure dose consistency. 

Outcome Assessments 

Morphometric Analysis: Wound healing was 

assessed through standardized digital photography at 

Days 0, 3, 6, 9, 12, 15, 18, and 21. Wound area was 

calculated using ImageJ software with percentage 

closure calculated as: [(Initial area - Current area) / 

Initial area] × 100. 

Histological Analysis: Tissue samples (n=6 per 

group) were collected on Days 7, 14, and 21. Full-

thickness samples including 2-mm surrounding tissue 

were fixed in 10% neutral buffered formalin, 

processed through standard protocols, and sectioned 

at 5μm thickness. Sections were stained with 

hematoxylin-eosin and Masson's trichrome. 

Histological parameters included epithelial 

regeneration, inflammatory infiltration, granulation 

tissue formation, angiogenesis, and collagen 

deposition using standardized scoring (0-12 scale). 

Immunohistochemical Analysis: Expression of 

VEGF, TGF-β, TNF-α, and PDGF were evaluated 

using standard protocols with overnight primary 

antibody incubation at 4°C and DAB detection. 

Quantitative analysis employed semi-quantitative 

scoring (0-3 scale) with H-score calculation from 

five randomly selected high-power fields per section. 

Statistical Analysis 

Data analysis was performed using SPSS version 

26.0 with continuous variables expressed as mean ± 

standard deviation. One-way ANOVA compared 

means between groups, with repeated measures 

ANOVA analyzing within-group changes over time. 

Post-hoc analysis used Tukey's HSD test. Statistical 

significance was set at P < 0.05. 

Results 

Macroscopic Wound Healing Assessment 

Significant differences in wound healing 

progression were observed between treatment groups 
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starting from Day 6 post-wounding. Both PRP and 

ZnO NPs groups demonstrated accelerated wound 

closure compared to controls, with PRP showing the 

most rapid healing. 

Complete wound closure (≥99% closure) was 

achieved significantly earlier in both treatment 

groups compared to controls. The PRP group 

achieved complete closure in 17.3 ± 2.1 days, the 

ZnO NPs group in 19.8 ± 2.4 days, and the control 

group in 23.7 ± 3.2 days (P < 0.001 for both 

comparisons with control). The difference between 

PRP and ZnO NPs groups was statistically 

significant (P = 0.007). 

Relative reductions in time to ≥99% closure 

versus control were: PRP, (23.7 − 17.3) / 23.7 = 

27.0%; ZnO NPs, (23.7 − 19.8) / 23.7 = 16.5% 

(reported as 16%). 

Histological Analysis 

Histological examinations revealed significant 

differences in tissue architecture and healing 

progression between groups. 

Histological Wound Healing Scores 

Collagen Assessment: Collagen deposition was 

significantly enhanced in both treatment groups. On 

Day 21, collagen density was 54.3 ± 6.8% (PRP), 

48.7 ± 5.9% (ZnO NPs), and 38.9 ± 6.2% (control; P 

< 0.05 for all comparisons). The PRP group 

demonstrated the most organized collagen 

architecture with mature, well-aligned fibers. 

Angiogenesis Assessment: Blood vessel density was 

significantly increased in both treatment groups, with 

PRP showing the highest vascular density. 

Immunohistochemical Analysis 

Growth Factor Expression: VEGF expression 

was significantly upregulated in both treatment 

groups, with highest expression in the PRP group. 

VEGF H-scores on Day 14 were: Control 127.4 ± 

18.7, ZnO NPs 168.9 ± 22.1*, PRP 198.5 ± 24.8*# 

(P < 0.001 for both treatments vs. control; P = 0.008 

for PRP vs. ZnO NPs). 

TGF-β expression showed significant 

enhancement in treatment groups. TGF-β H-scores at 

Day 14 were: Control 89.7 ± 15.3, ZnO NPs 134.6 ± 

19.8*, PRP 156.2 ± 21.7*# (P < 0.001 for both 

treatments vs. control; P = 0.012 for PRP vs. ZnO 

NPs). 

Inflammatory Markers: TNF-α expression was 

significantly reduced in both treatment groups. TNF-

α H-scores at Day 7 were: Control 178.9 ± 26.4, ZnO 

NPs 132.7 ± 21.8*, PRP 98.6 ± 18.2*# (P < 0.001 for 

both treatments vs. control; P = 0.003 for PRP vs. 

ZnO NPs). 

PDGF expression was enhanced in both treatment 

groups. PDGF H-scores on Day 7 were: Control 95.8 

± 16.9, ZnO NPs 142.3 ± 20.4*, PRP 171.8 ± 23.6*# 

(P < 0.001 for both treatments vs. control; P = 0.007 

for PRP vs. ZnO NPs). 

Safety Assessment 

No adverse events or complications were 

observed in any treatment group. Local tolerance was 

excellent for both PRP and ZnO NPs applications. 

No signs of hypersensitivity reactions, excessive 

inflammation, or delayed healing complications were 

noted. 

Discussion 

This comparative study provides compelling 

evidence that both autologous PRP and ZnO NPs 

significantly enhance cutaneous wound healing 

compared to standard care, with PRP demonstrating 

superior therapeutic efficacy across multiple 

assessment parameters. These findings contribute 

valuable insights to advanced wound healing 

modalities and establish direct comparison between 

biological and nanotechnology-based therapeutic 

approaches [19-21]. 

The superior performance of PRP aligns with 

extensive literature documenting its wound healing 

benefits. Our findings show 27% reduction in healing 

time and 95.6% wound closure on Day 15 are 

consistent with previous studies [22, 23]. The 

molecular basis for PRP's efficacy, particularly the 

significant upregulation of VEGF (H-score: 198.5 ± 

24.8) and TGF-β (H-score: 156.2 ± 21.7), is well-

supported by mechanistic research demonstrating 

that PRP contains numerous growth factors 

promoting wound healing and angiogenesis [5, 24]. 

Our immunohistochemical findings showing 

reduced TNF-α expression (H-score: 98.6 ± 18.2) in 

PRP-treated wounds indicate effective modulation of 

inflammatory response. The enhanced angiogenesis 

observed in our PRP group (51.9 ± 7.2 vessels/mm² 

at Day 14) is particularly noteworthy, corroborating 

findings regarding PRP's potent pro-angiogenic 

effects [25]. 

ZnO NPs demonstrated promising alternative 

therapeutic potential, achieving 16% reduction in 

healing time and 89.7% wound closure at Day 15. 

These results align with emerging literature 

highlighting nanotechnology-based wound treatment 

potential [26]. The antimicrobial properties of ZnO 

NPs likely contributed to favorable healing 

environments observed histologically. The enhanced 

collagen deposition in our ZnO NPs group (48.7 ± 

5.9% at Day 21) reflects the material's ability to 

promote extracellular matrix remodeling. 

The direct comparison reveals important 

therapeutic distinctions. While both treatments 

significantly outperformed controls, PRP's biological 

approach utilizing endogenous growth factors 

appeared more effective than ZnO NPs' 
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physicochemical mechanisms. This difference may 

reflect wound healing's complex multi-factorial 

nature, where biological signals play dominant roles 

over antimicrobial and physical effects alone. 

The differential expression patterns in our 

immunohistochemical analysis provide insight into 

distinct therapeutic mechanisms [27, 28]. PRP's 

superior performance in upregulating VEGF and 

TGF-β while simultaneously downregulating TNF-α 

suggests more comprehensive modulation of wound 

healing cascades. This biological approach harnesses 

natural healing mechanisms, potentially explaining 

its superior efficacy [29]. 

Several limitations warrant consideration. The 

single-dose treatment protocol may not represent 

optimal therapeutic regimens. The fixed ZnO NPs 

concentration (1 mg/mL) may not represent optimal 

therapeutic dose. The 21-day follow-up precluded 

assessment of long-term outcomes and scar quality. 

Clinical implications extend beyond specific 

treatments evaluated. PRP's autologous nature 

eliminates immune rejection and disease 

transmission concerns, making it attractive for 

clinical application. However, blood collection and 

processing requirements may limit accessibility in 

resource-constrained settings. ZnO NPs offer 

advantages in standardization, shelf stability, and 

ease of application. 

Future research directions include combination 

therapy approaches utilizing both treatments, 

optimization of treatment protocols, and clinical 

trials validating these experimental findings in 

human populations. 

Conclusion 

This study demonstrates that both autologous 

PRP and ZnO NPs significantly enhance cutaneous 

wound healing compared to standard care, with PRP 

showing superior therapeutic efficacy. The 27% 

reduction in healing time with PRP versus 16% with 

ZnO NPs, combined with superior histological and 

molecular outcomes, establishes PRP as more 

effective in our experimental model. However, both 

treatments showed excellent safety profiles and 

meaningful therapeutic benefits, supporting their 

potential clinical applications. 

The mechanistic insights reveal distinct 

therapeutic pathways, with PRP demonstrating more 

comprehensive modulation of wound healing 

cascades through growth factor-mediated 

mechanisms. ZnO NPs, while less potent, offer 

practical advantages including standardization, 

stability, and potential for combination formulations. 

These findings contribute to the evidence base 

supporting advanced wound healing therapies and 

provide guidance for clinical decision-making 

regarding treatment selection. Future research should 

focus on optimizing treatment protocols, 

investigating combination approaches, and 

conducting clinical trials to validate these 

experimental findings in human populations. 

The mechanistic insights reveal distinct 

therapeutic pathways, with PRP demonstrating more 

comprehensive modulation of wound healing 

cascades through growth factor-mediated 

mechanisms. ZnO NPs, while less potent, offer 

practical advantages including standardization, 

stability, and potential for combination formulations. 

These findings contribute to the evidence base 

supporting advanced wound healing therapies and 

provide guidance for clinical decision-making 

regarding treatment selection. Future research should 

focus on optimizing treatment protocols, 

investigating combination approaches, and 

conducting clinical trials to validate these 

experimental findings in human populations. 
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Fig. 1. Representative wound photographs showing healing progression in Control, ZnO NPs, and PRP groups during 

the first 12 days post-treatment. Panels are labeled accordingly. 

 

TABLE 1. Percentage Wound Closure Over Time (%, Mean ± SD). 

Time Point Control Group ZnO NPs Group PRP Group P-value 

Day 3 12.8 ± 8.3 19.7 ± 9.1 27.4 ± 10.8* 0.012 

Day 6 28.6 ± 11.7 42.3 ± 12.4* 55.2 ± 14.6*# <0.001 

Day 9 44.9 ± 13.8 60.1 ± 14.2* 71.3 ± 13.9*# <0.001 

Day 12 62.1 ± 15.9 76.2 ± 13.8* 84.4 ± 11.7*# <0.001 

Day 15 76.4 ± 17.2 89.7 ± 11.6* 95.6 ± 7.8*# <0.001 

Day 18 87.3 ± 14.8 96.4 ± 8.9* 99.2 ± 3.1*# <0.001 

Day 21 95.6 ± 10.1 99.6 ± 2.4* 99.9 ± 1.2* 0.031 

*P < 0.05 compared to control group; #P < 0.05 compared to ZnO NPs group 

 

TABLE 2. Histological Wound Healing Scores (Mean ± SD). 

Time Point Control Group ZnO NPs Group PRP Group P-value 

Day 7 4.2 ± 1.1 6.8 ± 1.3* 8.1 ± 1.2*# <0.001 

Day 14 7.1 ± 1.4 9.3 ± 1.2* 10.8 ± 1.1*# <0.001 

Day 21 9.8 ± 1.3 11.2 ± 0.9* 11.9 ± 0.8*# <0.001 

*P < 0.05 compared to control group; #P < 0.05 compared to ZnO NPs group 

 

TABLE 3. Blood Vessel Density (vessels/mm², Mean ± SD). 

Time Point Control Group ZnO NPs Group PRP Group P-value 

Day 7 18.3 ± 3.7 26.8 ± 4.2* 34.5 ± 5.1*# <0.001 

Day 14 31.2 ± 5.8 42.7 ± 6.3* 51.9 ± 7.2*# <0.001 

Day 21 25.7 ± 4.9 35.4 ± 5.7* 41.8 ± 6.4*# <0.001 

*P < 0.05 compared to control group; #P < 0.05 compared to ZnO NPs group 
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لبلاسهب الغنٍة ببلصفبئخ الذهوٌة الذاتٍة وجسٍوبت أكسٍذ الشنك ا فعبلٍة هقبرنة

 دراسة عشوائٍة هضبوطة على الأرانبالنبنوٌة فً تسزٌع التئبم الجزوح الجلذٌة: 

 3محمد عبذ القويو 3فمحمد الشزٌ ،2الزدون دزٌبه ذعب ،1محمد هزسوق، 1، صبلخ عبذ الونعن السٍذ1عبذ العشٌش فٍصل الذسٍن

 .، كهٍت انطب انبٍطشي، جبيعت انًهك فٍصم، انًًهكت انعشبٍت انسعىدٌتقسى انذساسبث الاكهٍٍُكٍت 1
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 الولخص

إنى حطهب انعلاجبث انًخقذيت نهجشوح حعضٌض انعًهٍبث انطبٍعٍت نهشفبء بًب ٌخجبوص الأسبنٍب انخقهٍذٌت. هذفج هزِ انذساست 

فً انخئبو  (ZnO NPs) يقببم جسًٍبث أكسٍذ انضَك انُبَىٌت (PRP) يقبسَت فعبنٍت انبلاصيب انغٍُت ببنصفبئخ انذيىٌت انزاحٍت

حى حىصٌع سخت ورلارٍٍ أسَببً ركشًا يٍ سلانت ٍَىصٌهُذا انبٍضبء بشكم عشىائً إنى رلاد  .انجشوح انجهذٌت انكبيهت انسًبكت

، ويجًىعت ضببطت بًذهىل يهذً. ZnO NPs ، يجًىعت يعبنجت بـPRP يعبنجت بـيجًىعت  :(n=12) يجًىعبث

يى فً انًُطقت انظهشٌت. طُبّقج انعلاجبث ٌىيًٍب نًذة خًست أٌبو، رى ٌىيًب  20أَُشئج عهى كم دٍىاٌ جشدبٌ دائشٌبٌ بقطش 

شعت اَغلاق انجشح، انذسجبث انُسٍجٍت بعذ ٌىو دخى الانخئبو أو دخى انٍىو انذبدي وانعششٌٍ. شًهج انًقبٌٍس الأسبسٍت س

أظهشث كهخب انًعبنجخٍٍ حسشٌعًب يهذىظًب لانخئبو انجشوح يقبسَتً ببنًجًىعت  .نهشفبء، وانخعبٍش انجضٌئً نهىاسًبث انذٍىٌت

 ZnO NPs ٪ نًجًىعت89.7٪ فً انٍىو انخبيس عشش يقببم 95.6َسبت اَغلاق  PRP انضببطت. دققج يجًىعت

 ZnO) ٌىيًب 2.4±  19.8و (PRP) ٌىيًب 2.1±  17.3حى الانخئبو انكبيم فً  .(P < 0.001) انضببطت٪ نهًجًىعت 76.4و

NPs) انًجًىعت انضببطت؛ 3.2±  23.7و( ٌىيًب P < 0.001). أظهشث يجًىعت PRP  ،حفىقبً فً انذسجبث انُسٍجٍت

(، واسحفبعًب فً حعبٍش عبيم انًُى انبطبًَ ²ىوعبء/ي 6.3±  42.7يقببم  7.2±  51.9وصٌبدة فً انخكىٌّ انىعبئً انذيىي )

 .ZnO NPs (، واَخفبضًب فً انًؤششاث الانخهببٍت يقبسَتً بًجًىعت168.9يقببم  H-score: 198.5) VEGF انىعبئً

يٍ دٍذ  PRP ٌذُسُّبٌ بشكم كبٍش يٍ انخئبو انجشوح، يع حفىق ZnO NPsو PRP خهصج انذساست إنى أٌ كلاا يٍ

 جٍت بفضم انخعذٌم انشبيم نًسبساث انشفبء. حذعى هزِ انُخبئج الاسخخذايبث انسشٌشٌت نكلا انعلاجٍٍ، يع حفضٍمانفعبنٍت انعلا

PRP نهجشوح انًعقذة، فً دٍٍ حىفش ZnO NPs يضاٌب عًهٍت نهشعبٌت انشوحٍٍُت. 

انخئبو انجشوح، انخكىٌّ انىعبئً، عىايم انبلاصيب انغٍُت ببنصفبئخ انذيىٌت، انجسًٍبث انُبَىٌت لأكسٍذ انضَك،  الكلوبت الذالة:

 .انًُى


