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THE ROLE OF SILVER NANOPARTICLES ON ACCELERATING 

HEALING OF SKIN WOUNDS IN RATS: HISTOLOGICAL AND 

IMMUNOHISTOCHEMICAL STUDY 

Yasmin Ramadan, Maha Khaled El-Ashry, Ibtisam Ahmed Bahei-Eldin,   

Azza Salah El Din Soliman, Nagwa Ebrahim El-Nefiawy and 

 Maha Moustafa Ahmed Zakaria 

 

ABSTRACT: 

Background: Bad wound healing increases the burden to the 

patient and health care services. So any technology that improves the 

healing process has the potential to save billions in annual health 

care costs and preserves the patient quality of life. Silver 

nanoparticles (AgNps) have become of interest in biomedical 

applications, because of their antibacterial, antifungal, antiviral and 

anti-inflammatory activity. 

Aim: was to investigate the role of AgNps on the healing process 

of skin wounds in adult male albino rats. 

Material & Methods: 72 male albino rats were subjected to 

excisional skin wounds 1.5 cm in diameter on their mid-backs. Then 

rats were divided into 4 groups 18 rats each; Group I(control): skin 

wounds were left to heal naturally. Group II: treated with 

methylcellulose hydrogel, Group III: treated with silver sulphadiazine  

(dermazine cream) and Group IV: treated with AgNps in 

methylcellulose hydrogel. For each group 6 rats were sacrificed on 

3rd, 7th and 14th day post-wounding. Skin specimens from all groups 

were processed for paraffin blocks. Sections were stained with Hx& E 

& Mallory’s trichrome and immune-stained with vascular endothelial 

growth factor (VEGF). Using image analysis software, the number of 

macrophages, newly formed blood vessels & fibroblasts as well as 

area % of collagen fibers deposition were assessed and statistically 

analyzed. 

Results: In AgNps treated group re-epithelialization started on 

day 3 post-wounding and complete epithelialization and regeneration 

of the dermis was observed on day 14. The granulation tissue filling 

the wound area contained macrophages, newly formed blood vessels, 

fibroblasts and collagen fibers. The number of macrophages was 

statistically highest with significant difference in AgNps treated group 

(group IV) on day 3 post-wounding then was the lowest on days 7 and 

14 compared with other groups. Neovascularization started on day 3 

in all groups but was prominent on  group as proved by results of 

VEGF immune staining. The newly formed blood vessels declined on 

day 14 in AgNps treated group and remained high in silver 

sulphadiazine group and showed maximum density in control group. 

The number of fibroblasts in group IV was maximum on day 7 post-

wounding & decreased to minimum on day 14. The percent of 

collagen fibers deposition was statistically maximum in AgNps treated 

group with significant difference across all periods of the study 
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compared to other groups. Conclusion: AgNps accelerated skin 

wound healing in rats.  

Key words: rat, skin wound, silver sulphadiazine, silver 

nanoparticles. 

 

INTRODUCTION: 

The skin is the largest organ in the 

human body. It serves important functions 

including; protection of internal organs, 

sensory perception, immunologic 

surveillance, thermoregulation and control 

of fluid loss.1 

A skin wound is defined as a disruption 

of normal tissue structure and function. 

There are a variety of causes which give rise 

to different types of wounds. These include; 

surgery (planned intervention), trauma (i.e., 

burns or lacerations), pathological changes 

in the body (i.e., circulatory vessels 

associated with leg ulcers), as well as 

wounds related to pressure (i.e., pressure 

ulcers)2. 

Wound healing is a natural restorative 

response to tissue injury. It is a complex 

biologic process which involves mainly four 

different interlacing phases; homeostasis, 

inflammation, proliferation and maturation.3 

In developing countries, wounds constitute a 

major problem as the rate of severe 

complications is high and financial resources 

are limited. This increases the popularity of 

natural therapy which represents the hope of 

finding a product with both higher efficacy 

and less cost for wound healing.4 

Nanotechnology is becoming of 

increasing interest in medicine. 

Nanoparticles (1 to 100 nm in size) have a 

large surface area-to-volume ratio which 

increases their interaction with the tissues 

and offer improved penetration into 

wounds5. Different synthetic routes for silver 

nanoparticles (AgNps) lead to variable sizes, 

shapes, morphology, and even stability. 

Generally, these methods can be classified 

into three broad categories: physical, 

chemical and biological (or green) 

synthesis6. Recent studies have 

demonstrated the antibacterial, antiviral, 

antifungal, anti-inflammatory and anticancer 

effects of AgNps.7 Few studies were 

available regarding the role of AgNps in 

skin wound healing.8,9 

 

AIM OF THE WORK: 

The present study was carried out to 

determine the role of silver nanoparticles in 

the healing process of excisional skin 

wounds in adult male albino rats using light 

microscopic, immuno-histochemical and 

morphometric methods. 

 

MATERIAL AND METHODS: 

Experimental animals: 

In the present study 72 adult male 

albino rats weighing 200-250 g were 

obtained from the research center, Faculty of 

Medicine, Ain Shams University. Animals 

were maintained according to the principles 

and guidelines of the Committee of Animal 

Research Ethics (CARE). Rats were left for 

2 week before any intervention to 

acclimatize to experimental conditions. The 

rats were exposed to 12 hours light/dark 

cycle and allowed free diet and water access 

(ad libitum) with suitable environmental 

conditions and good ventilation. 

Materials used in the present study 

included the following: 

1. Silver nanoparticles (AgNps): 

AgNps were prepared at NanoTech 

Egypt Company in Dreamland, 6th October 

by chemical reduction method. A solution of 

silver nitrate was used as Ag1+ ions 



The Role Of Silver Nanoparticles On Accelerating Healing Of Skin Wounds In Rats: Histological .. 

535 

precursor. Polyvinyl-pyrrolidone was used 

as stabilizing agent and borohydride as mild 

reducing agent. The color of the solution 

turned slowly to grayish yellow indicating 

the reduction of Ag1+ ions to Ag 

nanoparticles. Its average size was 15 nm as 

recognized by Transmission Electron 

Microscope.10 

2. Methylcellulose (MC): 

Methylcellulose was purchased as a 

white powder from Nano Tech Egypt in 

Dreamland, 6th October and was used as a 

vehicle for the formation of silver 

nanoparticles methylcellulose hydrogel.11 

3. Silver sulphadiazine (SSD): 

Silver sulphadiazine was manufactured 

by Sandoz Company Cairo, Egypt in the 

form of dermazine cream (concentration 

1%). 

Preparation of silver nanoparticles 

methylcellulose hydrogel: 

The methylcellulose based hydrogel was 

prepared by dispersing of 4g of 

methylcellulose in 60ml of boiling distilled 

water followed by intensive stirring for 

30min. Subsequently, dispersion of 

methylcellulose in boiling water was refilled 

by 36ml of cold distilled water and cooled 

down to 50°C. This step led to formation of 

hydrogel phase.11After cooling down to 

50°C, the prepared silver nanoparticles were 

added at a concentration of 0.2 mg per gram 

of the hydrogel and gently mixed in a 

homogenizer resulting in a smooth 

formulation.8 

Preparation of excisional skin wound: 

The animals were anesthetized with 

intramuscular injection of 7 % ketamine 

solution and 0.3 % xylene solution at a ratio 

of 2:1 (0.2 mL/100 g b. w.).12All care was 

taken to avoid any discomfort to the animals. 

Once anesthetized, the animals were placed 

in the prone position, the wound site was 

sterilized with an alcohol-iodine solution, 

and they were held while the dorsum was 

shaved .13 

A uniform circular area 1.5 cm in 

diameter was excised from the skin using a 

circular stamp and sterile scissor. The 

wounds were located in the middle portion 

of the median sagittal plane of the back of 

each animal and left uncovered. After 

recovery, animals were returned to their 

housing and allowed chow and water; every 

rat in a separate cage.8 

Experimental groups: 

72 rats were divided into the following 

four groups: I, II, III, and IV (18 rats each). 

Then each group was divided into 3 

subgroups (6 rats each), accordingly skin 

wound specimens were examined on days 3, 

7 and 14 post -wounding. 

Group I (control group): rats with skin 

wound were kept untreated. 

Group II (MC hydrogel treated 

group): rats with skin wound were topically 

treated once daily with MC hydrogel at a 

dose of 1000mg/kg/b.w.14 

Group III (SSD treated group): rats of 

this group were topically treated once daily 

with SSD (dermazine cream) at a dose of 30 

mg/kg/b.w.15 

Group IV (AgNps treated group): rats 

with skin wound were topically treated once 

daily with AgNps hydrogel at a dose of 2000 

mg/kg/b.w.14 

Collection of specimens &processing for 

light microscopic study: 

The rats were sacrificed on days 3, 7 

and 14 post-wounding by cervical 

dislocation under ether anesthesia. The 

entire wound area including the adjacent 2 

mm of normal skin margins were excised. 

Specimens were fixed in 10% neutral 

formalin for 48 hours and were prepared for 

paraffin blocks. Serial sections of 5 μm 

thickness were cut perpendicular to the 

surface of the wound. 



Yasmin Ramadan, et al., 

536 

Some sections were stained with 

hematoxylin and eosin (Hx&E) while other 

sections were stained with Mallory's 

trichrome for demonstrating the collagen 

fibers.16 Some sections were immuno-stained 

for vascular endothelial growth factor 

(VEGF).17 

Morphometry& computer image analysis: 

Morphometric study was performed 

using NIH “Image J” computer image 

analysis software version 1.40g.Data were 

collected by examining six microscopic 

fields per slide, six slides per rat and six rats 

per group at X10 low power field for blood 

vessels count and area percent for collagen 

fibers deposition and at X40 high power 

field for fibroblasts and macrophages count. 

Statistical analysis: 

Statistical analysis was done using the 

SPSS software (Statistical Package for Social 

Studies- version 13.0). One-way analysis of 

variance (ANOVA) was employed to 

compare means in different groups with each 

other. Bonferroni Post Hoc test was used to 

detect significance between every two 

individual groups. The significance of the 

data was determined by the probability (P. 

value). P > 0.05 was considered non-

significant. P ≤ 0.05 was considered 

significant and P ≤ 0.001 was considered 

highly significant.18Data were represented in 

Tables and Histograms, prepared by using 

MS Excel 2013. 

 

RESULTS: 

I. Histological Results: 

In the present study, the histological 

findings of skin wound of the rats of group I 

(control group) and of the rats of group II 

(MC treated group) showed similar results 

on day 3, 7 and 14 post-wounding. 

Examination of hematoxylin and eosin 

stained skin sections of the wound on day 3 

post-wounding showed that re-

epithelialization started only in the AgNps 

treated group where the epidermis at the 

wound edge was thickened and creeping to 

cover small adjacent wound area (Fig. 1). 

While in the control and SSD treated groups, 

there was no evidence of newly formed 

epidermis beneath the scab (no re-

epithelialization). 

Day 7 post-wounding showed partial re-

epithelialization in control and SSD treated 

groups with short epithelial tongue (Figs. 2, 

3). However in AgNps treated group, the 

newly formed epidermis was well arranged 

into four layers; stratum basal, stratum 

spinosum, stratum granulosum and finally 

stratum corneum (Figs.4, 5).  

Day 14 post-wounding showed that re-

epithelialization was completed only in 

AgNps treated group with the appearance of 

sebaceous glands in the regenerated dermis; 

however partial re-epithelialization was 

observed in the control and SSD groups 

(Figs.6,7, 8). 

Examination of Hx and E stained skin 

sections of the wound showed that the newly 

formed granulation tissue filled the wound 

gap in all groups however, its components; 

inflammatory cell infiltrate as 

polymorphnuclear leukocytes (PMNLs) with 

segmented nuclei and macrophages, newly 

formed blood vessels, spindle shaped 

fibroblasts and collagen fibers varied 

considerably among the studied groups 

across the three time points. 

Inflammatory cell infiltrate were most 

pronounced on day 3 post-wounding, 

declined gradually on days 7 and 14 in the 

control, SSD and AgNps treated groups 

(Figs. 9, 10, 11, 12, 13, 14). Interestingly, 

AgNps treated group revealed the least 

observed inflammatory cell infiltrate all-

through the 3 time points. 

In Hx and E stained skin sections, newly 

formed blood vessels (formed by 

angiogenesis) were seen in the granulation 

tissue on day 3 post-wounding (Figs. 9, 10, 
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11) and day 7 (Figs. 12,13, 14) being much 

pronounced in AgNps treated group. On day 

14 post-wounding new blood vessels were 

rare in AgNps treated group and numerous 

in control group and SSD treated group 

(Figs.6,7,8).  

Examination of VEGF immuno-stained 

sections showed positive immune reaction in 

the form of brown cytoplasmic coloration at 

the endothelial lining of the newly formed 

blood vessels.On day 3 post-wounding, the 

immune reaction was weak involving few 

newly formed blood vessels in the control 

and SSD treated groups while in AgNps 

treated group the reaction appeared strong 

involving numerous newly formed blood 

vessels. However, on day 7 post-wounding, 

the immune reaction was moderate in the 

control group, strong in SSD and AgNps 

treated groups (Figs 15, 16, 17). However on 

day 14 post-wounding, the immune reaction 

decreased and became weak in AgNps 

treated groups and moderate in control group 

and SSD. 

 In Hx and E stained skin sections, 

fibroblasts were seen among the cellular 

elements of the granulation tissue. On day 3 

post-wounding, fibroblasts were few in the 

control group (Fig. 9). On the other hand, 

they were numerous in SSD and AgNps 

treated groups (Figs. 10, 11). On day 7 post-

wounding, fibroblasts were found in the 

granulation tissue of all groups, but more 

presented in AgNps treated group (Figs. 12, 

13, 14). On day 14 post-wounding, many 

fibroblasts were still persistent in the control 

and SSD treated groups while in AgNps 

treated group, fibroblasts were very few. 

In Hx and E stained skin sections, on 

day 3 post-wounding, collagen fibers were 

thin and scarce in the control and SSD 

treated groups however, in AgNps treated 

group, many collagen fibers were 

haphazardly arranged and thick in the deep 

part of granulation tissue (Figs.9,10,11). In 

Mallory’s trichrome stained sections On day 

7post wounding, collagen fibers were few 

and irregularly arranged in the control and 

SSD treated groups however, many regular 

parallel arranged collagen fibers were 

observed in AgNps treated group (Figs. 18, 

19, 20).On day 14, many irregularly 

arranged thin bundles of collagen fibers 

were observed in the control group, thicker 

in SSD group while in AgNps treated group, 

collagen fibers were thin regularly arranged 

in the upper newly formed papillary dermis, 

thick wavy deeply stained in the lower 

reticular dermis(Figs. 21, 22, 23, 24). 

II. Morphometric Results: 

In the present study, skin wounds of the 

rats of group II (MC treated group)showed 

statistical non-significant difference 

(P>0.05)in the mean number of 

macrophages, blood vessels, fibroblasts  and 

in the area percent of collagen fibers 

deposition on day 3, 7 and 14 post-wounding 

compared to the control group. Mean ± SD 

of the four studied groups were expressed in 

Tables (1-4) and in Histograms (1 -4). 
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Fig. (1): A photomicrograph of a section of a rat’s 

skin of group Ⅳ (AgNps treated group) on day 3 post-

wounding showing the wound area and the nearby 

normal skin. The epidermis (E) at the wound edge is 

thickened and creeping over the wound (initiation of 

re-epithelialization) (arrow). Newly formed 

granulation tissue (G) is seen with numerous newly 

formed blood vessels (V).  

                                                            (Hx&E, X40)  

 

Fig. (2): A photomicrograph of a section of a rat’s 

skin of group Ⅰ (control) on day 7 post-wounding 

showing the wound and the nearby normal skin. 

Partial re-epithelialization (arrow) with newly 

formed epidermis (E) covering part of the wound 

area is seen with the underlying granulation tissue 
(G).  Dermis (D) of nearby normal skin is also seen. 

 (Hx&E, X40) 

Fig. (3): A photomicrograph of a section of a rat’s 

skin of group Ⅲ (SSD treated group) on day 7 post-

wounding showing the wound and adjacent normal 

skin. The epidermis (E) at the wound edge is 

apparently thickened and is creeping to cover part 

of the wound area (start of re-epithelialization) 

(arrow). Granulation tissue (G) is seen with an area 

of angiogenesis (A). Dermis (D) of nearby normal 

skin is seen.    (Hx&E, X40)  

 

Fig. (4): A photomicrograph of a section of a rat’s 

skin of group Ⅳ (AgNps) on day 7 post-wounding 

showing that the newly formed epidermis (E) 

extends to cover wide area of the wound 

(incomplete re-epithelialization). The granulation 

tissue (G) is studded with numerous blood vessels 

(arrow). Dermis (D) of the adjacent normal skin is 

also seen.    (Hx&E, X40) 
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Fig. (5): A photomicrograph of a section of a rat’s 

skin of group Ⅳ (AgNps) on day 7 post-wounding 

showing the newly formed epidermis with well-

arranged layers; stratum basal (b), stratum spinosum 

(s), stratum granulosm (g) and stratum cornum (c). 

Notice some keratinocytes with pyknotic nuclei 

(arrow). The underlying granulation tissue (G) is 

seen.      (Hx&E, X400)  

 

Fig. (6): A photomicrograph of a section of a rat’s 

skin of group Ⅰ(control) on day 14 post-wounding 

showing incomplete re-epithelialization of the 

wound area with the newly formed epidermis (E). 

Note the underlying granulation tissue with 

numerous blood vessels(G). (D) = dermis of the 

nearby normal skin.  (Hx&E, X40)  

 

Fig. (7): A photomicrograph of a section of a rat’s 

skin of group Ⅲ(SSD treated group) on day 14 post-

wounding showing that the wound area is partially 

covered by epidermis (E) (incomplete re-epithelia-

lization).Note the underlying granulation tissue with 

numerous blood vessels(G).(D) = dermis of the 

nearby normal skin.                       (Hx&E, X40)  

 

Fig. (8): A photomicrograph of a section of a rat’s 

skin of group Ⅳ(AgNps) on day 14 post-wounding 

showing that the wound area is completely covered 

by newly formed epidermis (complete re-epithelia-

lization).The underlying regenerated dermis (RD) 

containing sebaceous glands (arrow) is seen. 

Dermis (D) of nearby normal skin is also seen on 

both sides of the wound.                (Hx&E, X40)  
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Fig. (9): A photomicrograph of a section of a rat’s 

skin of group Ⅰ (control) on day 3 post-wounding 

showing some of the content of the granulation 

tissue; inflammatory cell infiltrate; PMNLs (circle) 

and few macrophages (curved arrow) and newly 

formed blood vessels (V). Fibroblasts (thin arrow) 

and scattered collagen fibers (thick arrow) are seen. 

                                                          (Hx &E, X400)  

 

Fig. (10): A photomicrograph of a section of a rat’s 

skin of group Ⅲ(SSD treated group) on day 3 post. 

wounding showing that the granulation tissue 

contains numerous newly formed congested blood 

vessels (V), inflammatory cell infiltrate (circle) and 

many fibroblasts (thin arrow). Bundles of collagen 

fibers (thick arrow) are also seen.    (Hx &E, X400)  

 

Fig. (11): A photomicrograph of a section of  a rat’s 

skin of group Ⅳ(AgNps treated group) on day 3 

post-wounding showing that the granulation tissue 

is filled with numerous newly formed congested 

blood vessels (V), inflammatory cell infiltrate, 

PMNLs (circle) and fibroblasts (thin arrow) and 

abundant collagen fibers (thick arrow).  

           (Hx &E, X 400)  

 

Fig. (12): A photomicrograph of a section of a rat’s 

skin of group Ⅰ(control) on day 7 post-wounding 

showing heavy inflammatory cell infiltrate (circle) 

and few bundles of collagen fibers (thick arrow) 

deposited in the granulation tissue. Fibroblasts (thin 

arrow) are also seen.   (Hx &E, X400)  
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Fig. (13): A photomicrograph of a section of a rat’s 

skin of group Ⅲ(SSD treated group) on day 7 post-

wounding showing numerous newly formed blood 

vessels (V), and inflammatory cell infiltrate PMNLs 

(circle) in the granulation tissue . Fibroblasts (thin 

arrow) and network of thin collagen fibers (thick 

arrow) are also seen.  (Hx &E, X400)  

 

Fig. (14): A photomicrograph of a section of a rat’s 

skin of group Ⅳ(AgNps) on day 7 post-wounding 

showing that the granulation tissue is filled with 

many newly formed blood vessels (V), few 

inflammatory cell infiltrate (circle), numerous 

fibroblasts (thin arrow) and bundles of collagen 

fibers regularly arranged parallel to the surface 

(thick arrow).  (Hx&E, X400)  

 

Fig. (15): A photomicrograph of a section of  a rat’s 

skin of group Ⅰ(control) on day 7 post-wounding 

showing the granulation tissue with moderate positive 

immuno-stained endothelial cells at lining of few 

newly formed blood vessels (thin arrow) .  

(VEGF,  X400)  

 

Fig. (16): A photomicrograph of a section of  a 

rat’s skin of group Ⅲ(SSD treated group) on day 7 

post-wounding showing  strong positive immune 

reaction at lining of the newly formed blood 

vessels (thin arrow) in the granulation tissue. 

(VEGF, X400) 
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Fig. (17): A photomicrograph of a section of a rat’s 

skin of group Ⅳ(AgNps) on day 7 post-wounding 

showing strong positive cytoplasmic  immune 

reaction at endothelial lining of the newly formed 

blood vessels (thin arrow) in the granulation tissue. 

  (VEGF, X 400) 

 

Fig. (18): A photomicrograph of a section of a rat’s 

skin of group Ⅰ(control) on day 7 post-wounding 

showing few irregularly arranged bundles of 

collagen fibers (arrow) and newly formed blood 

vessels (V) in the granulation tissue.  

(Mallory’s trichrome, X 400)  

 

Fig. (19): A photomicrograph of a section of a rat’s 

skin of group ⅠⅡ(SSD treated group) on day 7 

post-wounding showing that the granulation tissue 

contains irregularly arranged bundles of collagen 

fibers (arrow) and blood vessels (V). 

                                 (Mallory’s trichrome, X 400) 

 

Fig. (20): A photomicrograph of a section of a rat’s 

skin of group Ⅳ(AgNps treated group) on day 7 

post-wounding showing that the newly formed 

granulation tissue is filled with apparently 

numerous thin bundles of regularly arranged 

collagen fibers nearly parallel to the 

surface(arrow). Blood vessels (V) are also seen.  

  (Mallory’s trichrome, X 400)  
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Fig. (21): A photomicrograph of a section of a rat’s 

skin of group Ⅰ(control) on day 14 post-wounding 

showing apparently irregularly arranged thin 

bundles of collagen fibers (thick arrow) dispersed 

around and between persistent blood vessels (V) in 

the deep part of the granulation tissue.  

(Mallory’s trichrome, X 400)  

 

Fig. (22): A photomicrograph of a section of a rat’s 

skin of group ⅠⅡ(SSD treated group) on day 14 

post-wounding showing bundles of collagen fibers 

(thick arrow) apparently thick around persistent 

blood vessels (V). (Mallory’s trichrome, X 400)  

 

Fig. (24): A photomicrograph of a section of a rat’s 

skin of group Ⅳ(AgNps treated group) on day 14 

post-wounding showing that the newly formed 

reticular dermis is filled with thick wavy deeply 

stained regularly arranged bundles of collagen 

fibers (arrow).     (Mallory’s trichrome, X 400) 

 

Fig. (23): A photomicrograph of a section of a rat’s 

skin of group Ⅳ(AgNps treated group) on day 14 

post-wounding showing that the papillary dermis 

(PD) contains  thin regularly arranged bundles of 

fine collagen fibers  parallel to the surface (arrow). 

Part of the newly formed epidermis (E) is seen 

 (Mallory’s trichrome, X 400)  
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Table (1): The mean number of macrophages among the four study groups 

Post-wounding 

Days 

              Groups Mean        ±SD P value 

 

Day 3 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

21.6      ± 5.27 

21.4      ± 3.84           

29.2      ± 3.7 

39.6      ± 11.6 

- 

0.9 

0.029⁎ 

0.013⁎ 

 

Day 7 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

40.8      ± 9.12 

40.8      ± 9.14 

25.6      ± 5.68 

23.2      ± 6.87 

- 

1 

0.013⁎⁎ 

0.008⁎⁎ 

 

Day 14 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

27.8      ± 2.94 

26.2      ± 1.92 

22.6      ± 4.09 

10.2      ± 4.76 

- 

0.33 

  0.05⁎⁎ 

0.0001⁎⁎⁎ 

⁎ =  significant increase compared to control group (P ≤ 0.05). 

⁎⁎= significant decrease compared to control group (P ≤ 0.05). 

⁎⁎⁎ = highly significant decrease compared to control group (P ≤ 0.001). 

 

Histogram (1): The mean number of macrophages among the four study groups 

Table (2): Mean number of newly formed blood vessels among the four study groups 

Post-wounding 

days 

Groups Mean        ±SD P value 

 

Day 3 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

11.2       ±4.96 

11          ± 1.58           

27.6       ±8.98 

58.2       ±15.95 

- 

0.93 

0.007⁎ 

0.0002⁎⁎ 

 

Day 7 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

14.8       ±4.65 

17          ±2.91 

36          ±8.80 

53.8       ±3.27 

- 

0.39 

0.0015⁎ 

0.0000033⁎⁎ 

 

Day 14 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

39.8        ±10.5 

37           ± 9.27 

31.2        ±6.37 

11           ± 4.58 

- 

0.66 

0.15 

 0.0005⁎⁎⁎ 

⁎ = significant increase compared to control group (P ≤ 0.05). 

⁎⁎ = highly significant increase compared to control group (P ≤ 0.001). 

⁎⁎⁎ = highly significant decrease compare to control group (P ≤ 0.001). 

0

10

20

30

40

50

Day 3 Day 7 Day 14

Mean number of macrophages

Control

Methyl cellulose

Silver sulphadiazine

Silver nano particles



The Role Of Silver Nanoparticles On Accelerating Healing Of Skin Wounds In Rats: Histological .. 

545 

0

10

20

30

40

50

60

Day 3 Day 7 Day 14

Mean number of fibroblasts

Control

Methyl cellulose

Silver
sulphadiazine

Silver nano
particles

 

Histogram (2): The mean number of newly formed blood vessels among the four study groups. 

Table (3): Mean number of fibroblasts among the four study groups 

Post-wounding 

Days 

Groups Mean        ±SD P value 

 

Day 3 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

10       ± 1.87 

9.8      ± 1.92           

18.4    ± 3.97 

29.4    ± 7.71 

- 

0.87 

0.002⁎ 

0.0005⁎⁎ 

 

Day 7 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

24.2     ± 4.32 

26        ± 5 

28        ± 4.84 

55.4     ± 9.55 

- 

0.55 

0.22 

0.0001⁎⁎ 

 

Day 14 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

22.6     ± 3.36 

21        ± 3.16 

20.8     ± 4.08 

12.6     ± 1.94 

- 

0.461 

0.468 

  0.0004⁎⁎⁎ 

⁎ = significant increase compared to control group (P ≤ 0.05). 

⁎⁎ = highly significant increase compared to control group (P ≤ 0.001). 

⁎⁎⁎ = highly significant decrease compared to control group(P ≤ 0.001). 

 

 

 

 

 

 

 

 

 

 

 

Histogram (3): The mean number of fibroblasts among the four study groups 
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Table (4): The mean area percent of collagen fibers deposition among the four study groups 

Post-wounding days Groups Mean        ±SD P value 

 

Day 3 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

13.05     ± 6.6 

12.96     ± 6.86           

24.8       ± 5.83 

28.58     ± 4.16 

- 

0.98 

0.017⁎ 

0.002⁎ 

 

Day 7 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

26.7       ± 5.33 

24.9       ± 7.14 

32.34     ± 4.7 

39.6       ± 3.9 

- 

0.65 

0.12 

0.002⁎ 

 

Day 14 

Control group 

MC treated group 

SSD treated group 

AgNps treated group 

31.6       ± 5.81 

30.5       ± 6.9 

35.5       ± 7.69 

45.9       ± 5.66 

- 

0.79 

0.38 

 0.004⁎ 

⁎ = significant increase +compared to control group (P ≤ 0.05). 

 

Histogram (4): The mean area percent of collagen fibers deposition among the four study groups 

 

DISCUSSION: 

     The present study was designed to 

evaluate the effect of silver nanoparticles on 

the healing process of excisional skin 

wounds in adult albino rat. A rat model was 

used in this study as rats are docile and 

available. Also, their skin is elastic, 

redundant and lacks adherence to the 

underlying structures (loose-skinned 

animals) allowing better wound contraction 

and wound healing. Rats also possess 

subcutaneous panniculus carnosus muscle 

which contributes to wound healing by 

enhancing both wound contraction and 

collagen formation.19, 20 

In this work, excisional skin wound was 

preferred because this had provided a 

cleaner wound than a burn wound, thereby 

decreasing the potential for complications 

from infection ;therefore, aiding wound 

healing.21 Also the excisional model is more 

appropriate for better histological evaluation 

due to significantly broader morphological 

changes which occur during the healing 

process .22, 23 

There are many routes for AgNps 

synthesis; physical, chemical and biological 

synthesis. In this study, AgNps were 

synthesized chemically as it was an available 

and easy route although it is expensive. 

Also,  Hendi (2011) 24 and Fawzy et al. 
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(2018)25 used the same way of synthesis. A 

major advantage of the chemical synthetic 

route is the high yield of AgNps in contrast 

to other routes .26 

In this study, wounds were examined in 

rats which were divided into four separate 

groups; control (nontreated group) and three 

different treated groups; methylcellulose 

(MC), silver sulphadiazine (SSD) and silver 

nanoparticles (AgNps) treated groups at 

three different time points (day 3, day 7 and 

day 14 post-wounding). Khafaga et al. 

(2018) 27studied also the effect of topical 

application of silver nanoparticles in equine 

wound healing on similar three time points. 

In the present study initiation of re-

epithelialization was observed on day 3 post-

wounding in AgNps treated group and on 

day 7 in all other groups. Complete re-

epithelialization was found only in AgNps 

treated group on day 14 post-wounding in 

contrast to the other groups where complete 

re-epithelialization was not achieved. The 

epidermis in AgNps treated group on day 14 

post-wounding regained its normal thickness 

with full differentiation of its keratinocytes 

into four layers with the appearance of skin 

appendages as sebaceous glands. 

Naraginti et al. (2016) 8 found also that 

complete epithelialization was achieved on 

day 14 post-wounding when they studied the 

effect of topical application of green 

synthesized silver nanoparticles in albino 

wistar rats. On the contrary complete 

epithelialization was achieved on day 9 post- 

wounding by Sundaramoorthi et al. 

(2009)28 when they studied the effect of 

silver nanoparticles on wound healing in 

albino rats. This discrepancy may be 

attributed to the way of synthesis of the 

AgNps used, where they used the biological 

method of synthesis in addition to that, they 

had covered the wound with wound dressing 

and changed it daily. Also, they depended on 

falling of scab as the end point of complete 

epithelialization without any histological 

studies.  

Early re-epithelialization is crucial for 

wound healing to restore the intact 

epidermal barrier, thus preventing infection 

and excessive moisture loss. Therefore, 

failure of re-epithelialization causes 

impaired wound healing 29. 

Pastar et al. (2014) 30 explained that, 

wound re-epithelialization is a multifactorial 

process. It requires keratinocytes migration, 

proliferation and differentiation. 

Keratinocytes at the wound edge must first 

lose their adhesion to each other and to the 

basal lamina to support their migration over 

the granulation tissue to cover the denuded 

area. Then, keratinocytes start to proliferate 

to ensure an adequate supply of cells. Once 

the wound area is covered, contact inhibition 

causes keratinocytes to stop migration and 

triggers their differentiation into stratified 

squamous keratinizing epidermal cells. 

  Bhagavathy & Kancharla (2016) 31 

found that AgNps can trigger re-

epithelialization through signaling pathway, 

which is one of the most commonly used 

pathways in animal cells. 

In the present work, granulation tissue 

in the wound area on day 3 post-wounding 

showed cellular elements (PMNLs, 

macrophages and fibroblasts), newly formed 

blood vessels formed by angiogenesis and 

collagen fibers in all examined groups. 

Murthy et al. (2013)32 and Park and 

Barbul (2004) 33described similar content 

during evaluating the role of baco-

pamonniera and immunomodulation respect-

tively in wound healing. 

On day 3 post-wounding in the present 

study, many PMNLs were demonstrated in 

the granulation tissue in the wound area 

treated by AgNps. PMNLs were markedly 

decreased on day 7 post-wounding in the 

same group suggesting that AgNps had a 

strong anti-inflammatory effect. In normal 

wound healing especially without bacterial 

contamination, the inhibition of 

inflammatory cells and down-regulation of 

https://www.researchgate.net/profile/Asmaa_Khafaga3
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pro inflammatory cytokines lead to earlier 

wound healing conversely, prolongation of 

the inflammatory phase of wound healing 

results in the formation of non-healing 

wounds . 34 

In that respect, Nadworny et al. 

(2010)35 and Rajendran et al. (2018)36 

suggested that AgNps had an anti-

inflammatory effect through induction of 

neutrophils apoptosis. And so, decreasing 

the level of pro-inflammatory cytokines such 

as TNF-α, IL-8and TGF-β all of which 

resulted in an overall acceleration of wound 

healing rate and reduction of hypertrophic 

scarring. 

Tian et al. (2007)37 concluded also that 

the levels of pro-inflammatory cytokine IL-6 

mRNA in the wound areas treated with 

AgNps were maintained at statistically 

significantly lower levels during the initial 

period of healing in the site treated with 

silver nanoparticles. 

Bacterial infection is the commonest 

cause of wound related morbidity. 

Therefore, protecting the wound from 

bacterial infection by any agent can promote 

an increase in healing rate36. AgNps had an 

efficient antimicrobial activity compared to 

other traditional methods e.g. SSD 

(dermazine cream) due to their extremely 

large surface area to volume ratio, which 

provides better contact with 

microorganisms. AgNps interact with sulfur-

containing proteins in bacteria membranes, 

as well as bacterial DNA. Also they attack 

the respiratory chain and cell division 

mechanism leading to cell death. 

Consequently, AgNps are efficient even at a 

very low concentration, which minimizes the 

chance for tissue toxicity.38 

ROS (reactive oxygen species) are 

produced during cellular respiration. 

Overproduction of ROS is an important 

reason for delayed wound healing. AgNps 

could decrease ROS through up-regulation 

of catalase activity. So, increased catalase 

activity through AgNps treatment promoted 

wound healing39. 

In the present work, the number of 

macrophages in AgNps treated group 

showed a significant increase on day 3 post-

wounding and highly significant decrease on 

day 14 post-wounding compared to the 

control group. Nasrabadi et al. (2011)40 

showed similar results during studying the 

effect of Lactobacillus plantarum on 

cutaneous wound healing in rats on days 3 

and 14 post-wounding.  

Krzyszczyk et al. (2018)41 stated that 

there are two different activation patterns of 

macrophages. First, classical macrophage 

activation in which macrophages act as a 

pro-inflammatory cells producing pro-

inflammatory mediators such as IL-1, IL-6, 

IL-12, TNF-α in the earlier phase of wound 

healing. Second, alternative macrophage 

activation where macrophage presented as 

repairing, anti-inflammatory cells, producing 

anti-inflammatory mediators such as IL-10, 

TGF-⁎, PDGF-β, and VEGF promoting 

keratinocytes and fibroblast migration, 

proliferation and angiogenesis at the later 

stage of wound healing. and transition of 

macrophages between the two patterns has 

been assumed to be requisite for the rapid 

switch from inflammatory phase to 

proliferative phase in wound healing. You et 

al. (2017) 42suggested that AgNps could 

regulate the wound’s abnormal activation of 

macrophages and improve the progress of 

inflammatory stages to accelerate wound 

healing. 

In the current study, the number of 

newly formed blood vessels in AgNps 

showed a highly statistical significant 

increase on day 3 and day 7 post-wounding 

and highly significant decrease on day 14 in 

comparison to control group. Similarly, 

Orlowski et al. (2018) 43 detected that 

wounds in mice treated with tannic acid-

modified AgNps showed significant increase 

and significant decrease on day 3 and 14 

https://www.researchgate.net/profile/Chuangang_You3
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postwounding respectively in comparison to 

the control group. 

In contrast to this, there have been 

results showing that AgNps can act as 

antiangiogenic molecules where 

Sheikpranbabu et al. (2009)44 found that 

AgNps can inhibit VEGF-induced cell 

proliferation, migration and capillary-like 

tube formation of in-vitro bovine retinal 

endothelial cells. This discrepancy may be 

attributed to the way of synthesis or the size 

of the AgNps used. 

 In our study chemically synthesized 

AgNps with a relatively small size 15 nm 

were used while Sheikpranbabu et al. 

(2009)44 used biologically sensitized AgNps 

with an average relatively large size 40 to 50 

nm 

Lali and Metcalfe (2014)45 mentioned 

that, the wound environment is characterized 

by low pH, reduced oxygen tension 

(hypoxia) and reduced nutrients as a result 

of loss of vascularity in the wound bed. 

Therefore, effective wound healing requires 

vascularization of the newly formed 

granulation tissue by angiogenesis which is 

the growth of new blood vessels from pre-

existing vessels. Johnson and Wilgus 

(2014)46 added also that, during the 

proliferative phase of wound healing, a 

significant increase in the density of the 

newly formed blood vessels compared to 

normal skin is commonly observed as a 

result of angiogenesis. Later on, these newly 

formed vessels regress and their number 

normalize and return to a level close to what 

is observed in normal skin. 

There are many pro-angiogenic growth 

factors such as bFGF and TGF-β but VEGF 

is unique for its effects on multiple 

components of wound healing such as 

angiogenesis, recently re-epithelialization 

and collagen deposition. VEGF is produced 

by many cell types as endothelial cells, 

fibroblasts, platelets, neutrophils and 

macrophages. VEGF exists in five isoforms; 

VEGF-A, VEGF-B, VEGF-C, VEGF-D and 

placenta growth factor (PGF), the most 

abundant, available, studied and used in our 

study is VEGF-A .47 

Tian et al. (2007)37observed that VEGF 

mRNA levels stayed at a higher level in the 

AgNps treated group compared to SSD 

treated group at all time points monitored 

during healing in mice. 

In the present study, examination of 

VEGF in immuo-stained sections in AgNps 

treated group showed that the positive 

reaction appeared strong on day 3 and7 post 

wounding then became weak on day 14 

post-wounding. Accordingly Bates and 

Jones (2003)48 stated that VEGF was up-

regulated as early as 3 days after the 

induction of a wound and that this 

expression lasted for at least 7 days. 

Subsequent studies have shown that in full-

thickness skin wounds, VEGF mRNA 

expression declines around day 13 and after 

3 weeks is no greater than normal.  

Zhou et al. (2015)49 mentioned also that 

after wounding, VEGF secretion are 

elevated and peak on day 3 and 7 post-

wounding. Howdieshell et al. (2001)50 

found that the addition of anti-VEGF 

inhibits the formation of granulation tissue 

in the wound indicating an important 

function of VEGF in angiogenesis that 

occurs during the proliferative phase. 

In the present work, on day 3 and 7 

post-wounding there was a statistical 

increase in the number of fibroblasts which 

was highly significant in AgNps treated 

group and significant only in SSD group 

compared to the control group while on day 

14 post-wounding there was a statistical 

decrease of the number of fibroblasts which 

was highly significant in AgNps treated 

group compared to the control group. 

This highly significant decrease on day 

14 post-wounding could be explained by Bin 

and James (2011)51 who noted that during 

wound healing, fibroblasts differentiate into 

https://en.wikipedia.org/wiki/VEGF-A
https://en.wikipedia.org/wiki/VEGF-B
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myofibroblasts which are responsible for 

wound contraction. Myofibroblasts become 

most abundant in the proliferative phase of 

wound healing and progressively disappear 

in the later stage of healing where they 

undergo apoptosis once the wound proceeds 

to full epithelialization. On the other hand, 

persistence of myofibroblasts in granulation 

tissues may lead to the formation of scar 

tissues e.g. hypertrophic and keloidal scars. 

Liu et al. (2010)21 noted that AgNps can 

indeed drive the differentiation of fibroblasts 

into myofibroblasts in the early phase of 

wound healing, thereby accelerating wound 

contraction and promote wound healing. 

In the present work, the area percent of 

collagen fibers deposition in Mallory’s 

trichrome stained sections revealed a 

statistical increase which was significant in 

AgNps treated group on days 7 and 14 post-

wounding and non-significant in SSD 

treated group compared to the control group. 

Kwan et al. (2011)52postulated that AgNps 

could regulate the deposition of collagen and 

inhibiting uncontrolled growth of collagen 

which is a problem often occurred in natural 

healing process through a regulated 

differentiation of fibroblast. Also, it directs 

proper collagen matrix alignment and spatial 

arrangement.  

Conclusion 

It can be concluded that silver 

nanoparticles treatment showed the 

advantage of rapid and adequate healing of 

excisional skin wounds in male albino rats 

regarding; epithelialization, neovasculariza-

tion and collagen fibers deposition compared 

with the traditional silver sulphadiazine 

treatment. It might be the treatment of 

choice particularly for high risk patients.  
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 لوجيةتسريع  التئام الجروح الجلدية في الجرذان  :دراسة هستو دور جسيمات الفضه متناهيه الصغر في

 وهيستوكيميائية مناعية

اهيم , نجوي ابر , عزه صلاح الدين سليمان ياسمين رمضان, مها خالد العشري, ابتسام أحمد بهي الدين

 مصطفي أحمد زكريا النفياوي, مها

 جامعة عين شمس -كلية الطب-قسم التشريح وعلم الأجنه 

لجروح اساعدة : يمثل عدم الالتئام الجيد للجروح عبئا علي المريض و النظام الصحي. وجود طرق مختلفه لمةمقدم

لصغر اناهية على الالتئام قد يوفر البلاين علي النظام الصحي و يحسن جوده حياه المريض. أصبحت جسيمات الفضة مت

مضادة  لانها د للبكتريا والفطريات والفيروسات وكذلكذات أهمية فى التطبيقات الطبية الحيوية بسبب نشاطها المضا

 للالتهابات.

الصغر  تناهيةم: كان الهدف من الدراسة الحاليه هو التحقق من الدور المحتمل لجسيمات الفضة الهدف من الدراسة

 وتأثيرها على عملية التئام الجروح الجلدية  لذكور الجرذان البيضاء البالغه.

ذكر من  72: في هذه الدراسة تم عمل جرح جلدي استئصالي في منتصف الظهر لعدد تخدمةالادوات والطرق المس

 ( جرذا في كل مجموعة 18سنتيمتر. وتم تقسيمهم إلى أربع مجموعات ) 1.5الجرذان البيضاء البالغة قطره 

 .المجموعة الأولى )المجموعة الضابطة(.1

 هيدروجيل(.. المجموعة الثانية )المعالجة بالميثيل سليلوز 2

 . المجموعة الثالثة )المعالجة بالسلفر سلفاديازين )ديرمازين كريم(.3

 . المجموعة الرابعة )المعالجة بجسيمات الفضة متناهية الصغر(.4

رح عد احداث الججرذان من كل مجموعة فى اليوم الثالث والسابع والرابع عشر على التوالى ب 6تم التضحية ب      

رى لوان مالوثى الاتل بارافين لعينات الجرح الجلدى و صبغ المقاطع بالهيماتوكسيلين والإيوسين  وثلاالجلدى. تم عمل ك

ن خلايا (. كذلك تم إستخدام محلل الصور لقياس عدد كل مVEGFوصبغة إضهار عامل نمو بطانة الأوعية الدموية )

الكولاجين  سيب أليافية لترفية وتم أيضا حساب النسبة المئوالأرومات الليفية,والاوعية الدموية المتكونة حديثا والخلايا اللي

 وتم تحليل البيانات إحصائيا. 

لنسيج شكيل ا: في المجموعة الرابعة فقط )المعالجة بجسيمات الفضة متناهية الصغر( بدأ ضهور إعادة تالنتائج

لرابع ى اليوم افلادمة ابدت كاملة وتم تجديد  الظهاري في اليوم الثالث بعد إحداث الجرح الجلدى ولوحظ ان الطبقة الظهارية

ديثا لمتكونة حموية اعشر. ملء النسيج الحبيبى منطقة الجرح وكان يحتوى على  خلايا الارومات الليفية وكذلك الاوعية الد

الجة وعة المعمى المجفوالخلايا الليفية وألياف الكولاجين. كان عدد خلايا الارومات الليفية الأعلى وذات دلالة إحصائية 

 وم السابعفى اليبجسيمات الفضة متناهية الصغر )المجموعة الرابعة( وذلك فى اليوم الثالث بعد إحداث الجرح الجلدى و

م الثالث ا فى اليوة حديثواليوم الرابع عشر  قل عدد الخلايا بالمقارنة بباقى المجموعات.بدأ ظهور الاوعية الدموية المتكون

ستخدام تائج انلدى فى جميع المجموعات ولكن كان أكثر ضهورا فى المجموعة الرابعة وأثبتت ذلك بعد إحداث الجرح الج

 لمعالجة بجسيماتا.وفى اليوم الرابع عشر قل عدد الاوعية الدموية فى المجموعة VEGFالصبغة الهستوكيميائية المناعية 

لضابطة موعة اة بالسيلفرسلفاديازين وأضهرت المجالفضة متناهية الصغر بينما ظل عددهم مرتفع فى المجموعة المعالج

ما نسبة ع عشر . االراب أعلى كثافة. كان أعلى عدد للخلايا الليفية فى اليوم السابع للمجموعة الرابعة وقل عددهم فى اليوم

 الصغر فى يةتناهترسيب الياف الكولاجين فكانت الأعلى وذات دلالة إحصائية فى المجموعة المعالجة بجسيمات الفضة الم

 كل مراحل الدراسة مقارنة بالمجموعات الاخرى. 

م الجرح التئا :مما سبق نستنتج أن جسيمات الفضة متناهية الصغر أثبتت فعالية أدت الى إسراع عملية الاستنتاج

 الجلدى فى الجرذان.

 

 


