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Abstract 
Objective-The aim of this study was to investigate the healing effects of Ag+- zeolite/gelatin nanocomposite on excisional wound 

healing in rat animal model. 

Design-Experimental study 

Animals-Eighteen male Sprague-Dawly rats weighing 200-220g 

Procedure- Ag+- zeolite/gelatin nanocomposite was fabricated by sol-gel method, and characterized by scanning electron 

microscopy (SEM) and X-ray diffraction (XRD) techniques. MTT assay and antimicrobial activity evaluation of the nanocomposite 

were performed. Under general anesthesia, a full thickness wound measuring 1.5×1.5 cm was created on dorsal area of each rat.  

The animals were equally and randomly divided into three groups of 6 each i.e. group I (0.9% sodium chloride), group II (gelatin –

treated) and group III (nanocomposite –treated). The solutions and the formulation were applied topically on the wound once daily 

for 14 days. Photograph of each wound was taken on days 0,3,6,9,12 and 14 post wound creation. The area of wound was 

determined planimetrically. At 14 days, animals euthanized and skin samples were taken to histopathologicl evaluation (H&E 

staining). 

Results- In this work, we successfully prepared Ag+- zeolite/gelatin nanocomposite. The prepared nanocomposite showed 

antimicrobial activity due to Ag ion-exchanging. The results indicate nanocomposite is safe up to 0.1 mg/ml of Ag+- zeolite/gelatin 

nanocomposite. Nanocomposite treated group exhibited enchantment of wound closure and accelerate wound healing time 

(p<0.05). Furthermore, nanocomposite treated group showed higher neovascularization and collagen content and faster regrowth of 

epidermis in repair area compared to other groups. 

Conclusion and clinical relevance- In conclusion, biocompatible Ag+- zeolite/gelatin nanocomposite might have great application 

for open and full thickness wound healing. 
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Introduction 

 

Skin is often injured by wounds or physical traumas. 

Damages to skin commence a series of complex and 

well-orchestrated events of repair processes that 

result in the complete reestablishment of the integrity 

of wounded tissue and the restoration of this 

functional barrier. 
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 However, the morbidity of the prolonged periods 

required for the repair and regeneration of the injured 

tissue, the bleeding, the risk of infections and 

septicemias, and the keloids and scar formation cause the 

deep lesions to the skin to remain a major clinical 

problem.
1
 

Although new therapeutic approaches for the treatment 

of such large and full thickness skin lesions have made 

progress, there is still need for better methods to improve 

wound healing and recovery especially in severely 

wounded patients. One of the approaches for treating the 

wounds and diminishing the risk of wound infection is 

the use of biocompatible composites incorporated with 

antibacterial agents.
2
  Ion-exchange zeolite has attracted  
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a lot of attention due to its renewable nature, good 

biocompatibility and excellent physical properties, 

which are important for a range of applications in 

pharmaceutical and biomedical fields.
3,4

 Several 

polymers are used for the fabrication of such 

composites including pectin, chitin, chitosan, alginate 

and gelatin. 
5-9

 Among these, gelatin is regarded to be 

a suitable matrix due to its natural abundance, 

biocompatibility, biodegradability and non- 

immunogenicity. 
9
 Recently, inorganic minerals such 

as clays and zeolites containing metals have become 

important in comparison with the conventional 

antibacterial agents. The incorporation of metallic 

ions whitens the silicate framework which is allowed 

for their controlled release and prevents the 

concentration dependent toxicity.
4
 In the present 

study, we investigated the potential of Ag-exchanged 

zeolite based nanocomposite for wound healing in the 

rat’s excisional skin wound model.  

 

Materials and method 
 

Preparation of Ag+- zeolite/gelatin nanocomposite 

 

First, Ag+-zeolite was prepared by a 24-h ion 

exchanging with a solution of 10g of zeolite and 300 

ml of silver nitrate (1M) at ambient temperature. 

After each exchange process, the modified zeolite 

suspension was filtered and washed with copious 

amounts of deionized water. 0.4 gr gelatin was 

dissolved in 20 ml deionized water and a proper 

amount (0.5%wt of gelatin) of Ag+-zeolite was 

added and stirred for 1h. Finally, Ag+-zeolite/gelatin 

was prepared. Philips diffractometer was used to 

obtain X-ray diffraction pattern (XRD), (Fig.1). 

Scanning electron microscope (Philips ES 30 KW0 

was used to investigate the morphology and size of 

nanoparticles (SEM image) (Fig. 2). 

 

 

Figure 1. XRD pattern of Ag+-zeolite/gelatin nanocomposite 

 

 

 

 

 

 
Figure 2. SEM image of Ag+-zeolite/gelatin nanocomposite 

 

Cytocompatibility assay 

 

The cytotoxicity of the prepared nanocomposite was 

evaluated using a colorimetric test named MTT assay. 

MCF-7 cells (9×10
3
 cell/well) were incubated in 96-well 

plates each containing 200 ml of supplemented cell 

culture media for 24 h at 37 °C and 5% Co2.  The cells 

were divided into 4 groups in quadruplicates: blank and 

the Ag+-Zeolite/gelatin different concentrations of 0.1, 

0.5, and 1 mg/ml were treated. After an incubation 

period of 24 h, the spent media were removed and the 

plate wells were washed with Phosphate buffered 

solution. Briefly, 50 IL of 2 mg/ml MTT and 150 IL 

culture media were added to each well. The cells were 

incubated at 37 °C and 5% Co2 for 4 h. Then, the media 

were discarded and dimethyl sulfoxide and Sorenson 

buffer were added to each well as solubilizer buffers. 

Finally, absorbance was read using an ELISA plate 

reader (BioTeck, Bad Friedrichshall, Germany) at 570 

nm wavelength. 

 

Antimicrobial analysis 

 

The antimicrobial activity of Ag+-Zeolite/gelatin 

nanocomposite was tested qualitatively. Three different 

microbes including: Escherichia coli 25922, 

Staphylococcus aurous 25923, and Candida albicans 

0231 were used for testing the antimicrobial activity of 

the sample. The cells of E.coli, S.aureus and C.albicans 

were grown on nutrient agar and incubated at 37 °C for 

48 h. The antimicrobial activity was tested using the 

modified agar diffusion assay (Well diffusion method).  

The plates were examined for possible inhibition zone 

after 48 h incubation. The presence of any clear zone 

around the samples on the plates was recorded as an 

inhibition against the microbial species. Finally, the 

microbial activities of each sample were repeated three 

times. 
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Animals 

 

Eighteen male Sprague-Dawly rats (200-220 g) were 

individually housed in stainless steel cages under 

standard conditions and were given food (commercial 

rat pellet) and water ad libitum. In this period, the 

rats were adapted to handling for surgery. The 

experimental procedure and animal care were 

approved by the Ethics Committee of University of 

Tabriz. 

 

Wound creation 

 

The animals were fasted the night before surgery. 

Then, they were anesthetized with an intramuscular 

injection of 80 mg/kg of Ketamin 5% (Alfasan, 

Woerden, Netherlands) and 10 mg/kg Xylazine 2% 

(Alfasan, Woerden, Netherlands). The dorsal skin of 

the animals was shaved, antisepsis was provided with 

povidone iodine and one full thickness wound 

measuring 1.5×1.5 cm was created on each rat. After 

recovery from anesthesia, they were housed 

individually in property disinfected cages. The 

animals were equally and randomly divided into three 

groups with 6 rats in each group i.e. group I (0.9% 

sodium chloride), group II (gelatin –treated) and 

group III (nanocomposite –treated). The solutions 

and the formulation were applied topically on the 

wound once daily for 14 days. 

  

Planimetric evaluation 

 

The photographs of each wound were taken on days 

0,3,6,9,12 and 14 by a digital camera while a ruler 

was placed near the wounds edges. The wound area 

was measured using the image analyzing software 

(Image J, NIH, USA) and the wound contraction 

percentage was calculated using the following 

formula: 

Percentage of wound contraction=(A0-At) / A0×100 

Where A0 is the original wound area and At is the 

wound area at the time of imaging. 

 

Histomorphometric analysis 

 

On the 14th day of the study, all of the animals were 

euthanized by anesthetic overdose and their skin 

samples were taken for histopathological analysis. 

The skin samples fixed in 10% neutral buffer 

formalin were embedded in paraffin and 5 µm thick 

tissue sections were obtained and stained with H&E 

as per standard method. The stained sections were 

visualized under alight microscope (Olympus-CH30, 

Tokyo,Japan) at magnification ×100 and ×400. The 

histomorphometrical properties of the healing tissue 

pathologist unknown to the experimental groups. Ten 

random fields from different sections in each group were 

examined. The wound healing process was assessed by 

the numeric scale developed by Breuing et al. for 

angiogenesis, collagen synthesis, and secondary 

infection as follows: score 1, no/minimal; score 2, low; 

score 3, moderate; score 4, extensive. Re-

epithelialization was assessed as present or absent and 

the results were expressed as re-epithelialization percent 

.
11

 

 

Statistical analysis  
 

Statistical analysis was undertaken by using Graph Pad 

Prism, Version 5.05 (Graph pad software, Sandiego, 

USA). The analyses of the parametric data were 

performed by one-way ANOVA, repeated measure, 

followed by the Tukey post -test, and Kruskal-Wallis 

multivariate analysis, followed by dunns post-test for 

non-parametric data analysis. The results were expressed 

as mean± SD. In all of the analyses, P<0.05 was 

considered as a significant differential level. 

 

Results 

 
MTT assay finding 

 

Fig.3 shows the relative cell viability ([Cr/Co)] vs. 

different concentration of Ag+-zeolite/gelatin 

nanocomposite, determined by MTT assay. Here, Co 

refers to the viable cell numbers in the control samples, 

and Cr refers to the viable cell numbers treated with the 

nanocomposite. The error bars are calculated by the 

standard deviation. The relative viability of cells treated 

with 0.1 mg/ml of Ag+-zeolite/gelatin nanocomposite is 

about 95 ± 4.5%. The relative viabilities (%) of cells 

treated with higher concentrations of Ag+-zeolite/gelatin 

nanocomposite (0.5 and 1 mg/ml) are 80 and 73% 

respectively after 24h incubation. The results indicate 

that nanocomposite is safe up to 0.1 mg/ml of Ag+-

zeolite/gelatin nanocomposite. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Relative viabilities of MCF-7 cells after being incubated with 

various concentrations of Ag+-zeolite/gelatin nanocomposite 
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sections were blindly scored by an experienced  

Antimicrobial testing 

 

Table 1, shows a typical antimicrobial test result of 

Ag+-zeolite/gelatin nanocomposite. The 

bacteriostatic activity of zeolite was very low. After 

Ag-exchanging of samples, the antibacterial activity 

was increased and Ag+-zeolite showed a strong 

antimicrobial effect.  

Because gelatin does not have an antimicrobial 

property, the Ag+-zeolite/gelatin nanocomposite 

exhibited lower bacteriostatic activity compared to 

Ag+-zeolite. 

 
Table 1.  Antimicrobial Activity of Gelatin, zeolite, Ag+-zeolite, 
Ag+-zeolite/gelatin against E.coli, S.aureus, C.albicans 

 

 

Planimetric results 

 

The representative photographs of the wound area of 

all of the three rats on days 0,3,6,9,12 and 14 are 

given in Fig. 4. The percent of the wound contraction 

was found to increase in a time-dependent manner in 

all of the groups (Fig. 5).  Wound contraction was 

markedly higher in Ag+-zeolite/gelatin 

nanocomposite and gelatin treated rats, as compared 

to different days of post-wounding. Amongst the 

three groups, the nanocomposite treated wounds 

showed the fast contraction throughout the study 

period. Also nanocomposite treated groups indicated 

significant wound contraction on days 3,6,9,12 and 

14 compared to gelatin and control treated groups 

(P<0.05). On day 14, group III rats demonstrated 

97.00±58% wound reduction, group II rats showed 

76.20±6.38% wound contraction, whereas group I 

rats showed only 43/60±4.72% wound reduction. 

 

Histomorphometric findings 

 

The histomorphometric results are presented in Table 

2 and Fig. 6A-F. Nanocomposite treated wounds 

showed a superior healing process than those of the 

other groups.  Almost complete re-epithelialization 

was observed in the case of group 3 rats with well-

developed epidermal and dermal layers. Moreover, in 

 

 

 
Figure 4. Macroscopic pictures of wounds of nanocomposite, gelatin 

and control rats 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Assessment of wound area closure. All data reported as  

mean ± SD, *P < 0.05. 

 

of the rete peg were seen (P=0.0001). However, 

complete re-epithelialization did not take place in the 

control group and scab tissue was found beneath which 

the epidermal layers were growing (Fig. 6 A vs. C and 

E). In addition, nanocomposite treated groups revealed a 

higher rate of collagen synthesis at the repaired area, 

compared to those of the control and gelatin groups 

(P=0.001). Furthermore, the nanocomposite treated rats 

revealed greater neovascularization amongst the groups. 

However, this difference was not statistically significant 

between the study groups; (P=0.074) (Fig 6 B vs. 6 D 

and F). Finally, in the evaluation of secondary infection 

score, the control group revealed the highest level, while, 

it was significantly low in the nanocomposite treated rats 

(P=0.003). 

 

Discussion 
 

In this study, we demonstrated Ag+-zeolite/gelatin 

nanocomposite
’
s antimicrobial and healing efficacy on 

excisional wound healing using a unique sol-gel based 

formulation. Wound healing process begins with an 

inflammatory response which is followed by the 

proliferation and migration of dermal and epidermal cells 

and matrix synthesis, in order to fill the wounded area 

and re-establish the skin barrier. Finally, tissue 

remodeling  
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these rats, the absence of scab tissue and the presence  

 
Figure 6. Histological characteristics of rat skin on day 14 after 

wound creation in excisional wound model. a -b:nanocomposite , 

c-d: Gelatin, e-f: control.. Wounds with surrounding skin were 

prepared for histological microscopic evaluation by H&E staining. 

B: Blood vessel, C: collaen, E: Epithelium, F: Fibroblast, I: 

Inflammatory cells, S: scab. 

and differentiation enable almost full recovery of skin 

tissue and restoration of skin aesthetics. An ideal 

healing agent should possess specific properties: it 

should check the infection, accelerate the healing, be 

favorable for cell proliferation and matrix deposition, 

cause better re-epithelialization, result in less or no 

scar formation.
12,13

 The integration of 

nanotechnology into biology has brought metals like 

Ag in the form of nanoparticle potential topical 

antimicrobial agents.
14

 Zeolite can be incorporated to 

wound healing formulations due to its ion-exchange 

property, apparent satisfactory biocompatibility, and 

ability to faster wound re-epithelialization and wound 

size reduction.
3
 Wound contraction is a dynamic 

where cells organize their surrounding tissue matrix to 

reduce normal healing time by shrinking the amount of 

extracellular matrix which has to be produced.
15

 In many 

respects, wound contraction is beneficial as it can 

significantly reduce healing time because less 

granulation tissue needs to produce to replace tissue loss. 

In view of above, the measurement of wound contraction 

is an important tool to ascertain the progress of 

cutaneous wound healing.
16

 In the present study, the 

wounds treated with nanocomposite were healed almost 

completely (97%). These data are in agreement with the 

results of other studies. 
3,17,18

 

Zeolite has been found to be effective in decreasing the 

healing times of wounds and surgical incisions. A 

method for decreasing wound healing time includes: 

applying hemostatic agents to the wound, inflaming 

tissue surrounding the wound to facilitate the deposition 

of fibroblast, thereby accelerating the subsequent 

contraction of the wound and the onset of the 

proliferative healing stage, and causing the re-

epithelialization of the tissue at a faster rate than a 

condition in which no hemostatic agent is applied to the 

wound. Reportedly, zeolite has efficient hemostatic 

activity and wound healing property. 
19

 Wet or moist 

treatment of wounds has been shown to promote re-

epithelialization. Clinical studies suggest that wound 

fluid from wounds healing under moist conditions 

stimulates keratinocyte proliferation and fibroblast 

growth with subsequent preservation of growth factors 

for wound repair.
1
 Gelatin possesses strong hydrophilic 

activity and prevents fluid loss in the wound area, 

ultimately leading to the preservation of wound moisture 

and the creation of a positive effect on re-

epithelialization and matrix deposition. Re-

epithelialization is an important factor in wound healing, 

and occurs due to the migration and division of 

epidermal cells.
20,21

 Complete re-epithelialization of 

nanocomposite treated rats may be due to zeolite 

hemostatic, healing property, and the hydrophilic activity 

of gelatin. Therefore, the higher rate of re-

epithelialization in the gelatin treated rats in comparison 

with those of the control group may be due to its 

hydrophilic activity.
22

 On the other hand, complete re-

epithelialization of nanocomposite treated rats, with 

well-developed epidermal and dermal layers and the 

absence of scab tissue and the presence of rete peg 

formation in these rats confirmed that they were in the 

remodeling phase. Fibroblast is a type of cell that 

synthesizes the extracellular matrix and collagen, the 

structural framework for tissue, and plays a critical role 

in wound healing 
23

. Dermis of the healed area showed 

abundant collagen fibers that were thicker and more 

organized. Furthermore, there were abundant fibroblasts 

in the dermis and good keratinocyte maturation in the 

epidermis with nanocomposite treated group. The 

abundant presence of fibroblasts and collagen in  
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process 
 
Table 2. Results of hostomorhometri analysis (mean ±SD) of Re-

epithelialization% and Angiogenesis, collagen, secondary infection 

scores in the study groups at 14 days post-wounding. 

 

 
nanocomposite treated group suggest that Ag might 

stimulate the migration and proliferation of the 

fibroblasts 
24,25

. Moreover, collagen synthesis and 

deposition might have been indirectly enhanced due 

to an efficient neovascularization in nanocomposite 

treated rats. Angiogenesis is necessary in wound 

healing. Furthermore, it is an important factor in the 

regeneration of skin 
26

. Angiogenic factors can 

stimulate and accelerate wound healing. Research has 

shown that angiogenesis is increased in rats on day 7, 

but after that, apoptosis of unessential blood vessels 

occurs. This event signals the onset of the remodeling 

stage of wound healing. Thus, both accelerated and 

reduced blood vessel growth play important roles in 

wound healing 
27

. Nanocomposite treated rats showed 

the highest angiogenesis, and the best overall results.  

However, insignificant difference in 

neovascularization between the groups could be due 

to the onset of remodeling stage of wound healing 

which is concurrent with blood vessel reduction. All 

microscopic studies confirmed these results. In 

conclusion, in the present study, the significant 

higher wound healing in the nanocomposite treated 

rats can be attributed to increased neovascularization, 

fibroblast proliferation, collagen synthesis and better 

re-epithelialization. 

In this study, we successfully prepared Ag+-zeolite 

/gelatin nanocomposite. The prepared nanocomposite 

showed antibacterial property due to Ag ion-

exchanging. It demonstrated high viability on MCF-7 

cell lines and marked improvement of wound healing 

process. Thus, Ag+- zeolite/gelatin nanocomposite is 

an ideal agent for wound healing. 
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 داهپسشکی ایراىًشریِ جراحی 

 72(، شوارُ پیاپی 0)شوارُ  07، جلد  7102سال
 

 چکیدُ

  

 رت اکسیصًال زخن برالتیام شلاتیي/ًقرُ-زئَلیت ًاًَکاهپَزیت اثرات ارزیابی  

 7بْارک دیَبٌد، 0*سارا جَاًوردی  

 راىیا ،تبریس ،تبریسداًشگاُ  ، ی، داًشکذُ داهپسشکگرٍُ علَم درهاًگاّی،1  
  راىیا تبریس، ،داًشگاُ تبریس  ،شیویداًشکذُ  ،غیر آلیشیوی گرٍُ 2

 

 
 رت بَد. یَاًیپَست در هذل ح برداشتیزخن  امیبرالت يیًقرُ/شلات-تیزئَل تیًاًَکاهپَز یاهیاثرات  الت یابیهطالعِ ارز يیّذف ا -ّدف

 یهطالعِ تجرب -طرح

 گرم 200-220سر رت ًصاد اسپاراگَ با ٍزى  11-َاًاتیح

 تیشذ. تست سو ییشٌاسا  XRD  ٍSEM یشذُ با استفادُ از رٍشْا ِیشل تْ -با رٍش سل يیًقرُ/شلات-تیزئَل تیًاًَکاهپَز -کار رٍش

 1.5cm×1.5زخن توام ضخاهت بِ ابعاد  یعوَه یَْشیشذُ اًجام گرفت. تحت ب ِیتْ تیًاًَکاهپَز ییایباکتر یٍ اًت  (MTT assay) یسلَل

 3( ٍ گرٍُ يی)شلات 2( گرٍُ يی)کٌترل, ًرهال سال 1:گرٍُ ییتا 6بِ سِ گرٍُ  یٍ هساٍ یبصَرت تصادف َاًاتیشذ. ح جادیرتْا ا یپشت ِیدر ًاح

گرفتٌذ. در  یزخن قرار ه یرٍز رٍ 14تا  کباریرٍزاًِ  یّر گرٍُ بصَرت هَضع یشذًذ. درهاًْا نی( تقسيیًقرُ/شلات-تیزئَل تی)ًاًَکاهپَز

بِ رٍش  َاًاتیح 14شذ. در رٍز  یشذُ ٍ اًقباض زخن اًْا هحاسبِ ه یاز هحل زخن ّا عکس بردار 14ٍ  12,  9,  6,  4,  3صفر ,  یرٍزّا

 ( برداشتِ شذًذ.يیائَز-يیلیّواتَکس یسی)رًگ اه کیستَپاتَلَشیّ یابیجْت ارز یپَست یشذُ ٍ ًوًَِ ّا یقرباً یاًساً

 یًقرُ خصَصت اًت َىیهعاٍضِ  لیشذُ بِ دل ِیتْ تیشذ. ًاًَکاهپَز ِیتْ تیبا هَفق يیًقرُ/شلات-تیزئَل تیهطالعِ ًاًَکاهپَز يیدر ا -جیًتا

اًقباض  تیدر گرٍُ درهاى شذُ با ًاًَکاهپَز ًذارد. تیسو  mL/mg 1ًشاى داد کِ تا غلظت  تیًاًَکاهپَز تیسو یًشاى داد. بررس الیباکتر

هطالعِ سٌتس  یگرٍّْا ِیبا بق سِیدر هقا تیبعلاٍُ گرٍُ درهاى شذُ با ًاًَکاهپَز (p<0.05) هشَْد بَد . امیزهاى الت عیزخن  ٍ تسر ریگچشو

 را ًشاى داد.  امیدر هحل الت َىیساسیتلیاپ عی, تسرشتریب ییکلاشى, رگ زا شتریب

باز ٍ توام  یزخن ّا امیبصَرت گستردُ در الت تَاًذیسازگار ه ستیز يیًقرُ/شلات-تیزئَل تیًاًَکاهپَز - یٌیٍ کاربرد بال یریگ جِیًت

 ضخاهت کاربرد داشتِ باشذ.
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