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Abstract 
Background: the impairment of wound healing in the diabetic patients is an important clinical 

problem affecting millions of patients worldwide. This significant health care problem still lacks 

effective therapy. The ideal wound dressing is resistant to external forces and pathogens. It reduces 

patient discomfort and achieves good cosmetic results.Aim of the work: this study aimed to compare 

the effect of silver nanoparticles versus silver sulfadiazine on diabetic wound healing in the adult 

albino rat.Material and Methods: twenty adult female albino rats were included in this study. The 

animals were categorized into four groups, 5 rats each: group I (control).Group II (untreated diabetic 

wound): diabetic rats that left untreated for 15 days of wound excision. GroupIII: diabetic rats in 

which silver sulfadiazine cream was applied on the wound daily for 15 days after thin skin excision. 

GroupIV: diabetic rats in which nanosilver-ointment was applied on the wound daily for 15 days 

after thin skin excision.At the end of the experiment, the specimens were taken and processed for 

histological and immunohistochemical studies. Morphometric and statistical studies were carried 

out.Results: examination of thin skin sections of nanosilver treated group revealed continuous 

epidermis with differentiated keratinocytes with proliferating basal layer .The dermis showed 

increased collagen deposition ,decreased p53 and increased VEGF expression compared to SSD 

treated group.  

Conclusion: silver nanoparticles could be more effective than silver sulfadiazine in treatment of the 

diabetic wound. 
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Introduction 

Wound healing is a dynamic process 

consisting of four continuous, overlapping and 

precisely programmed phases. The events of 

each phase must happen in a precise and 

regulated manner. Interruptions or 

prolongation in the process can lead to delayed 

wound healing or a non-healing chronic 

wound. In adult humans, optimal wound 

healing involves the following events: 

(1) rapid hemostasis, (2) appropriate 

inflammation, (3) proliferative phase and  (4) 

remodeling phase
[1]. 

Diabetes affects hundreds 

of millions of people worldwide.Diabetic 

individuals exhibit a documented impairment 

in the healing of acute wounds. Moreover, this 

population is prone to develop chronic non-

healing diabetic foot ulcers (DFUs), which are 

estimated to occur in 15% of all persons with 

diabetes. Diabetic foot ulcers are a serious 

complication of diabetes and precede 84% of 

all diabetes related lower leg amputations 
[2]

.Topical treatment with silver sulfadiazine 

cream (SSD) is regarded as the gold standard 

for prevention and treatment of burn wound 

infection. It has prophylactic and therapeutic 

efficacy to control wound colonization by 

organisms that may delay the healing 

machinery. It is assumed that these excellent 

antimicrobial properties are a result of the 

combination of silver and sulfadiazine 
[3]

.
 

Nanoparticles (NPs) defined as particles 

having diameter that range from 1 to 100 nm. 

Silver NPs (Ag NPs) have been shown to 

possess unusual physical, chemical and 

biological properties 
[4]

.A number of factors 

affect the antimicrobial activity of 

nanoparticles, such as shape ,size of metal 

particles which influence the surface properties 

of the particles and the stabilizer and the pH of 

the suspension
[5]

 . Wong et al. noticed rapid 

healing and improved cosmetic appearance 

occurred in a dose dependent manner. They 

showed that silver nanoparticles exert positive 

effects through their antimicrobial properties, 

reduction in wound inflammation, and 

modulation of fibrogenic cytokines 
[6]

.
 

Material and Methods: twenty adult female 

albino rats of average weight 200-250 grams 

were included. The animals were divided into 

four groups: group I (Control group): 

included 5 rats that received only food and 

water. 
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Group II (Untreated diabetic wound):  

It included 5 diabetic rats that left 

untreated for 15 days of wound excision.  

GroupIII(Diabetic wound treated with 

silver sulfadiazine):it included 5  diabetic rats 

in which silver sulfadiazine cream was applied 

on the wound daily for 15 days after excision. 

GroupIV(Diabetic wound treated with 

silver nanoparticles): 

It included 5 diabetic rats in which nanosilver-

ointment was applied on the wound daily for 

15 days after excision. 

Induction of diabetes: 

Streptozotocin (STZ) powder supplied by 

Sigma-Aldrich was used for induction of 

diabetes. Rats rendered diabetic by a single 

intra-peritoneal (i.p.) injection of STZ 

(40mg/kg body weight) dissolved in 1ml of 

0.05 M citrate buffer PH 4.5
[7]

.  

Streptozotocin injected rats  were allowed to 

drink 10 % glucose solution for 24 hours 

following injection to overcome drug induced 

hypoglycemia
[8]

. 

 

The wound model: 
 In each rat under general anesthesia using 

pentobarbital, the dorsal hair was shaved and 

1cm diameter full thickness skin excision was 

generated in the mid back region using 

disposable scalpel.The wound was then 

cleaned with with povidone–iodine 
[9]

.  

Silver sulfadiazine dressing  

     1% silver sulfadiazine cream 

(Dermazin,Sanoz company) was used. The 

dressings were applied after silver sulfadiazine 

cream application and the animals were 

bandaged 
[10]

.   

The silver nanoparticles preparation: 

    Silver nanoparticles was supplied by Nano 

stream,6
th
october of 20 nm diameter in the 

form of 10 ml solution. 

    Ten ml of silver nanoparticle were mixed 

and homogenized with 5 gm of ointment base 

(Faculty of Pharmacy, Cairo University).  

Histological  and immunohistochemical 

studies: 

Paraffin sections of 5 µm were obtained and 

stained with hematoxylin and Eosin to show 

the histological details and Masson's trichrome 

stain to detect collagen fibers. Immuno 

histochemical staining of P53 to detect 

apoptosis 
[11]

 and vascular endothelial growth 

factor (VEGF) to detect proliferation
 [12]

 were 

done. 

Gene expression analysis was done to detect 

scar formation by reverse transcription 

Syber green based qPCR for mRNA 

extraction of TGF-B from paraffin blocks 
[13]

. 

 

Results 

Examination of thin skin sections of the 

control group showed the two layers of the 

skin: the epidermis and dermis. The epidermis 

is consisted of stratified squamous keratinized 

epithelium. The dermis is consisted of the 

connective tissue .It was divided into two 

layers without a sharp demarcation between 

them: a superficial thin papillary layer and a 

deep thick reticular layer. Hair follicles and 

sebaceous glands were found in the dermis. 

Deeper to the dermis hypodermis was found. It 

consisted of lobules of adipose tissue with 

connective tissue septa in between (Figs. 

IA,IB ).Masson’s trichrome stained sections 

showed thin interlacing bundles of collagen in 

the papillary dermis while the reticular layer is 

consisted of coarse, wavy bundles of collagen 

(Fig.  IC ). Immuno-histochemical stain of 

P53 showed nuclear positive reaction in few 

dermal cells of some hair follicle cells 

(Fig.ID).Immuno-histochemical stain of 

VEGF showed positive brownish reaction in 

the cytoplasm of many dermal cells mostly 

fibroblasts and in the cytoplasm of superficial 

layer of keratinocytes in some areas .Inset 

showed higher magnification of fibroblasts 

reaction (Fig.  IE ). Examination of thin skin 

sections of group II showed loss of the 

epidermis at the wound area. The scab was 

widely separated from the wound. An 

epidermal tongue could be seen projecting 

beneath the scab (Fig.  IIA) . The granulated 

tissue appeared fibrous. It contained 

mononuclear inflammatory cells, congested 

blood vessels and spindle shaped cells mostly 

proliferating fibroblasts with appearance of 

many fat cells (Fig.  IIB).Epidermal tongue 

appeared at the wound edge .It contained many 

spindle shaped migrating cells. Granulated 

tissue was seen infiltrated with mononuclear 

inflammatory cells and contained 

extravasation of blood cells.  (Fig. IIC).  

      Examination of Masson’s trichrome 

stained sections showed the granulatied tissue 

was studded by mononuclear inflammatory 
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cells and fine collagen fibers (Fig.  IID). 

Immuno-histochemical stain of P53 showed 

strong positive nuclear reaction in the different 

mononuclear inflammatory cells in the 

granulated tissue. Inset showing higher 

magnification of this positive reaction 

(Fig.IIE).VEGF Immuno-histochemical stain 

showed weak reaction in the granulated tissue 

at the wound area (Fig. IIF). 

Examination of thin skin sections of 

group III showed newly formed thin 

epidermis covering the wound area (Fig. 

IIIA). The newly formed epidermis was 

formed of few layers of flattened, 

undifferentiated cells. Also there was debris of 

dead cells of the overlying scab. The dermis 

was filled of mononuclear inflammatory cells, 

spindle fibroblasts with few dilated blood 

vessels (Fig. IIIB ). Examination of Masson’s 

trichrome stained sections at the wound area 

showed collagen fibers and fibroblasts with 

mononuclear inflammatory cells 

inbetween(Fig. IIIC ). Immuno-histochemical 

stain of P53 showed strong positive nuclear 

reaction in different cells of the newly formed 

epidermis and dermis as compared to control 

group (Fig. IIID).VEGF Immuno-

histochemical stain showed positive reaction 

in the cytoplasm of many dermal cells and in 

the endothelium of blood vessel (Fig.  IIIE)as 

compared to group II. Examination of skin 

sections of group IV showed that the site of 

the wound was totally covered by epidermis 

(Fig. IVA).The epidermis covering the wound 

area showed an apparent increase in its 

thickness as compared to group III with 

crowdedness of cells at the basal layer of 

epidermis. The underlying dermis showed 

abnormal arrangement of collagen at the site 

of previous wound .It was formed of 

interlacing collagen fibers. Also, there was 

cellular infiltration at the dermis, also there 

was spindle shaped cells mostly fibroblasts 

(Fig. IVB).Examination of Masson’s 

trichrome stained sections at the wound site, 

the dermis was composed of fine interlacing 

fibers (Fig. IVC). Immuno-histochemical stain 

of P53 showed weak positive nuclear brownish 

reaction in few dermal cells compared to 

untreated group after fifteen days (Fig.IVD) 

.VEGF Immuno-histochemical stain showed 

positive brownish reaction in the cytoplasm of 

keratinocytes and some dermal cells (Fig. 

IVE). 

 

 

 

Fig. IA: a photomicrograph of a section in the  

thin skin of a control rat, showing thin 

epidermis (E) and the connective tissue of the 

dermis (D). Notice the presence of hair 

follicles (F) and subcutaneous fatty tissue 

(↑)(H&Ex40).                                     
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Fig IB: a photomicrograph of a section in the 

thin skin of a control rat, showing basal layer 

(B), Prickle cell layers (P), granular layers 

with basophilic granules (G) and the horny 

layers (K) of epidermis. Notice: fine collagen 

fibers (↑)in the papillary dermis (D) (H&E 

X400). 

Fig. IC: a photomicrograph of a section in the 

thin skin of a control rat, showing the collagen 

fibers content of the dermis. The collagen 

fibers in the papillary dermis (P) appear as thin 

interlacing bundles (↑ ) while those in the 

reticular dermis (R) appear as coarse, wavy 

bundles(►)(Masson’s trichrome stain X400). 

 Fig.ID: a photomicrograph of a section in the 

thin skin of a rat of control group showing p53 

positive reaction (↑) in few dermal cells and 

some hair follicle cells (Immunostaining of 

P53&Hx X400). 

. 

  Fig. IE  : a photomicrograph of a section in 

the thin skin of a rat of control group showing 

VEGF positive reaction in the superficial 

layers of keratinocytes of epidermis(►),hair 

follicles(F) and the cytoplasm of fibroblasts 

(↑).Inset showing higher magnification of 

fibroblasts reaction(↑)(Immunostaining of 

VEGF&Hx X400, Inset X1000). 

                                                                                         

 

 

 

 Fig.  IIA : a photomicrograph of a section at 

the junction of wound and intact skin of a rat 

of group II ,showing absence of the epidermis 

in the wound area(↔) with apparent epidermal 

tongue(O).Notice: the scab(S) is wide 

separated from  the wound area H&E x40). 

Fig.IIB: a photomicrograph of a section at the 

wound area of a rat of group II showing the 

granulation tissue formed of fine collagen 

fibers(►) ,numerous mononuclear 

inflammatory cells(↑) and dilated  congested 

blood vessels(v).Notice appearance of  many 

fat cells(F) and spindle shaped cells mostly 

proliferating fibroblasts(green↑ )   (H&Ex400). 

Fig.  IIC: a photomicrograph of a section at of 

the wound edge of a rat of group II showing 

epidermal tongue (O) projecting from the 

epidermis . The tongue contains many spindle 

shaped migrating cells (green arrow).Notice 

the granulation tissue containing mononuclear 

inflammatory cells (↑) and extravasted blood 

cells(►)(H&E X400).  

 

 Fig.IID: a photomicrograph of a section at 

the wound area of a rat of group II showing  

numerous mononuclear inflammatory cells (↑) 

and fine collagen fibers (►)in the granulated 

tissue (Masson’s trichrome stain X400). 

. 

Fig. IIE: a photomicrograph of a section at the 

wound area of a rat of group II showing many 

p53 positive cells (↑) in the granulation tissue. 
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Inset showing higher magnification of  some   

positive cells (↑) Immunostaining of P53&Hx 

X400, insetx1000). 

Fig.IIF : a photomicrograph of a section at the 

wound area of a rat of group II showing weak 

VEGF expression in endothelium of  blood 

vessels(↑) of the granulation tissue 

(Immunostaining of VEGF &Hx  X400) .  

 
 

Fig. IIIA  : a photomicrograph of a section at 

the junction(↑) of the wound and intact  thin 

skin  of a rat of group III showing  wound 

area(↔) covered by thin epidermis(E) 

(H&EX40).  

Fig.IIIB  : a higher magnification of the 

previous section at the wound area showing 

thin newly formed epidermis(E)  formed of 

few layers of flattened non differentiated cells 

with  overlying remnant of scab(green ↑).The 

dermis contains mononuclear inflammatory 

cells(↑) mostly neutrophils, while some cells 

appear spindle in shape mostly 

fibroblasts(pink ↑).Notice dilated blood 

vessel(V ) (H&E X400)                                                                                                            

 

Fig.IIIC  : a photomicrograph of a section at 

the wound area of a rat of group III showing 

collagen fibers (►) around blood vessels(v) 

and mononuclear inflammatory 

cells(↑)(Masson’s trichrome stainX400). 

 Fig.  IIID  : a photomicrograph of a section at 

the wound area of a rat of group III showing 

strong p53 positive reaction (↑)in the dermis 

and in the newly formed epidermis(►) ( 

Immunostaining of P53&Hx X400). 

Fig.IIIE: a photomicrograph of a section at 

the wound area of a rat of group III showing 

numerous VEGF positive reaction in the 

endothelium of blood vessels(►) and in 

dermal cells(↑)(Immunostaining of VEGF+Hx 

X400). 
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Fig.IVA : a photomicrograph of a section at 

the previous wound area(↔) of a rat of group  

IV showing continuous homogenous epidermis 

(E) and apparent increase of hair follicles(F)as 

compared to group II(H&E X40). 

Fig. IVB : a higher magnification of the 

previous section showing loss of demarcation 

between dermis and epidermis with 

crowdedness of cells in the basal 

epidermis(▲). There’s an apparent increase in 

the epidermal thickness (E) with apparent 

basophilic granules in granular layer(↑). The 

dermis is highly cellular, there are many 

spindle shaped cells with oval vesicular 

nuclei(green ↑ )( H&E X400). 

Fig.IVC  : a photomicrograph of a section at 

the site of previous wound of a rat of group  

IV showing that the collagen fibers content is 

composed of fine interlacing fibers(▲ ) 

.Notice the presence of hair follicle(F)( 

Masson’s trichrome stain x400).                                                      

Fig.IVD : a photomicrograph of a section at 

the wound area of a rat of group IV showing 

weak P53 positive nuclear reaction (↑)in few 

cells in the dermis (Immunostaining of 

P53&Hx X400). 

Fig.IVE:  a photomicrograph of a section at 

the wound area of a rat of group IV showing 

VEGF positive reaction in the cytoplasm of 

keratinocytes(* ) and in some dermal cells( ↑) 

(Immunostaining of VEGF&Hx X400). 

Morphometric and Statistical Results 
Table 1: showing differences in the mean of 

area percentage of collagen fibers, p53, VEGF 

and Mean TGF-B 

Groups Control(I) II III IV 

Mean  area 

percentage of 

collagen fibers 

26.78±9.2 9.09± 1.50 

  (■)(♣) 

    (×) 

24.78± 8.1 26.8± 5.08 

Mean  area 

percentage of P53 

0.826± 

0.978 

3.38± 

.934 

(■)(♣)(×) 

2.79±  .814 

(■)(×) 

0.889± .66 

Mean  area 

percentage of VEGF 

2.76±  1.38 0.985± .307 

(■)(♣)(×) 

2.396± 

.636 

3.289± 

.826 

Mean  TGF-B 0.362±  0.281 4.128± 

0.132 

 (■) 

1.894± 

0 .021 

(●)(■) 

0.532±. 

019  

(●)(♣) 

                     Values are means ± SD 

                               (■) significant compared to group I (P < 0.05) 

                              (♣)significant compared to group III(P < 0.05) 

                            (×) significant compared to group IV(P < 0.05) 

                            (●) significant compared to groupII (P < 0.05) 
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Discussion 

The goal of skin wound treatment is the 

enhancement of wound closure and restoration 

of skin function with good cosmetic 

results.Loss of epidermis was detected in 

untreated diabetic rats after 15 days of wound 

induction (Groups II) The surface of the 

wound was covered by scab .  Also in groups 

II separation of group of keratinocytes from 

epidermis at the edge of the wound occurred. 

These keratinocytes formed epidermal tongue 

or bud. Some keratinocytes of the tongue 

underwent epithelial mesenchymal 

transition(EMT) and started to migrate to the 

wound area 
[14]

.   

Braiman-Wiksman et al. 
[15]

 stated that 

keratinocyte migration was independent of 

granulation-tissue formation and that it was the 

first step in normal healing . Moreover, 

Nagato et al. 
[16]

 stated that migration and 

proliferation of keratinocytes  could occur 

from  epidermis and from follicular bulge  

stem cells.   

However, Cianfarani et al.
 [17]

 showed 

that stem cells in animals and patients with 

diabetes or chronic wounds were both 

deficient and defective. Regarding steps of 

granulation tissue formation, group II of the 

present study revealed an increase in fibrous 

content of granulated tissue . Appearance of 

fat cells was detected in the granulation tissue. 

Schmidt and Horsley 
[18]

   recorded that 

adipocyte lineage cells were activated and 

function during skin wound healing. They 

found that adipocyte precursor cells 

proliferated and mature adipocytes repopulated 

skin wounds following inflammation and in 

parallel with fibroblast migration. They 

concluded that adipocytes were necessary for 

fibroblast recruitment and dermal 

reconstruction. So, fat cells could mediate 

fibroblast function during wound healing. 

Neutrophil infiltration in the wound bed at 

group II was recorded. Schultz et al.
 [19]

 

concluded that a lengthened inflammatory 

phase in diabetic mice caused an increase in 

the levels of proteases. The high levels of 

these chemicals caused damage to the ECM, 

which was critical for proper healing. These 

proteases also damaged the growth factors that 

were produced in the wound, leading to a 

chronic state. Immune staining of P53 showed 

significant increase in group II. Schultz et 

al.
[20]

 stated that diabetic wounds were 

characterized by senescent cell populations 

with impaired proliferative and secretory 

capacities, rendering them unresponsive to 

typical wound healing signals. Apoptosis 

signals are also involved in the regulation of 

collagen degradation by inducing collagenase 

activity. Mishra et al.
 [21]

     found that p53 

binds to the promoter of the human type IV 

collagenase (matrix metalloproteinase 2) gene. 

They added that in a diabetic wound, apoptosis 

was increased throughout the healing process. 

.Also Shang et al.
 [22]

 found that in diabetic 

patients the fibroblasts were defective due to 

decrease in their synthesis and increase in their 

apoptosis.Immune staining of VEGF showed 

significant decrease in group II. Also, 

Abubakar et al.
 [23]

 noticed absence of 

expression of VEGF in the untreated diabetic 

rats.  

Smith et al.
 [24]

   demonstrated that dermal 

fibroblasts isolated from diabetic rodent 

exhibited a reduced rate of migration and 

increased MMP-9 activity. 

The examination of SSD treated group 

(Group III) showed newly formed thin 

epidermis formed of flattened,undifferentiated 

keratinocytes covering the wound area. Similar 

results were detected by Jiang and Huo, 
[25]

    

who reported that silver sulfadiazine (SSD) 

significantly reduced the period of 

epithelization of the wound in comparison 

with the diabetic control group.However, 

Hassanzadeh et al.
 [26]

 stated that Silver 

sulfadiazine treatment resulted in thin 

epidermis that lack differentiation(lack stratum 

corneum and stratum granulosum). Regarding 

the SSD effect on granulated tissue ,in the 

present study group III revealed granulation 

tissue with few mononuclear inflammatory 

cells ,numerous fibroblasts and collagen 

fibers,while in other specimen granulation 

tissue was filled with neutrophils and few 

collagen fibers and fibroblasts. 

Moreover,cytotoxicity of SSD was a matter of 

debate among investigators .Keratinocytes 

cytotoxicity could be the cause of delayed 

epidermal maturation as mature granulation 

tissue was apparent when complete epidermis 

had been formed
[27]

   . However,Gomes et 

al.
[28]

 reported that silver sulfadiazine 

treatments for 14 days provided better 

organization of collagen fibers in relation to 

the untreated group.In the present study,the 

use of nanoparticles in the treatment of 

diabetic wound resulted in early closure.The 
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keratinocytes  were arranged in their normal 

strata.Stratum granulosum was well developed 

with appearance of keratohyaline granules 

indicating maturation.Wong et al.
 [10]

 recorded 

increased rate of keratinocytes proliferation of  

SNP treated group. Similar results were 

detected by Kwan et al.
 [29]

      who found that 

topical application of silver nanoparticles 

accelerated the healing process, and led to 

better 

fibril alignments in healed skin. However 

signs of proliferative phase appeared in group 

IV in the form of proliferating basal cells of 

the hyperplastic epidermis. Braiman-

Wiksman et al.
 [15]

 stated that the hyperplastic 

epidermis at the wound constitutes an essential 

component of the migrating cell pool which 

migrates to seal the wound gap. Their 

experiments demonstrated that this epidermal 

leading edge is composed mainly of cells with 

migratory properties rather than proliferating 

cells.  

Braiman-Wiksman et al.
 [15]

 recorded that 

18 days post wound were needed for full 

differentiation of the newly formed epidermis 

as epidermal closure precedes all other 

parameters. However, matrix formation 

progresses considerably more slowly. The 

differentiation process appears to occur 

concomitantly with the dermal closure.This 

ensured good quality of wound regaining 

strength and elasticity of the skin. The dermis 

of skin of group IV showed hypercellularity. 

Wong et al.
 [10]

 stated that AgNPs was 

relatively non-toxic to fibroblasts,but could 

indeed drive the differentiation of fibroblasts 

into myofibroblasts,thereby help to accelerate 

wound bed contraction .Furthermore, silver 

nanoparticles could significantly decrease the 

production of hydroxyproline and collagen in 

the ECM. In the present study, VEGF was 

significantly increased in group IV more than 

control group. Wong et al.
 [6]

 found high 

VEGF expression in AgNPs treated diabetic 

wound and VEGF mRNA (messenger 

ribonucleic acid) levels were also maintained 

high especially in the early stage of wound 

healing. The reduction of collagen production 

in fibroblasts in late phase of wound healing 

by silver nanoparticles suggested a role in anti-

fibrosis therapy, which could be useful in 

preventing and perhaps treating keloids and 

scars
[10]

.The present study showed that TGF β 

was significantly decreased in diabetic skin 

wound treated with SNPs examined after 

fifteen days compared to SSD and untreated 

groups .Similar results were recorded by 

Hendi
 [30]

 who reported better cosmetic 

appearance was observed in animals treated 

with silver nanoparticles. They suggested that 

TGF β plays an important role in tissue 

fibrosis and post-injury scarring. They thought 

that lower levels of TGF β coincided 

temporally with increased levels of IFN-

gamma until wound closure in the silver 

nanoparticles group. As IFN-gamma had been 

demonstrated as a potent antagonist of 

fibro genesis through its ability to inhibit 

fibroblast proliferation and matrix 

production.Its control on TGF β production 

might play a role 
[49]

. 

 

In conclusion: histological examination of 

an excisional wound model in diabetic 

rats,revealed rapid healing in  

AgNPs  treated group as compared to SSD and 

the untreated groups.This was confirmed  by 

relatively normal histological structure in 

addition to significant increase in VEGF and 

significant decrease of P53 and TGF β.  

AgNPs can be used as an adjunctive or 

alternative agent to existing wound healing 

therapies in future. However, further studies 

are certainly needed to spot more light on the 

healing mechanism of AgNPs and its relation 

to diabetes. 

 

Recommendations: 
 

-Usage of AgNPs for more prolonged time to 

achieve full remodeling of the dermis. 

- Usage of different sizes and concentrations 

of silver nano particles and compare their 

results. 
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