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Abstract 
Objective- This study aimed at evaluation of histopathological findings of application 

of chitosan- nano selenium biodegradable film on full thickness excisional wound 

healing in rats. 

Design- Experimental Study 

Animals- Seventy-two male Wistar rats 

Procedures- Animals were randomized into six groups of 12 animals each. Group I: 

Animals with created wounds and no further treatment. Group II: Animals with wounds 

were dressed with chitosan film only. Group III: Animals with wounds were treated with 

selenimu. Group IV: Animals with wounds were treated with sodium selenium 

nanoparticles. Group V: Animals with wounds were dressed with chitosan/ sodium 

selenite film. Group VI: Animals with wounds were dressed with chitosan/nano selenium 

film. 
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Results- There were significant differences in comparisons of group VI and other groups, particularly in terms of cellular infiltration and 

neovascularization. During the study period, scores for neovascularization was significantly higher in group VI rats than other groups (P 

<0.05). Polymorphonuclear (PMN) and mononuclear (MNC) cell count and fibroblast cell proliferation in group VI were significantly 

higher than those of other experimental groups (P <0.05) 

Conclusion and Clinical Relevance- Chitosan/nano selenium biodegradable film resulted in significant improvement in 

histopathological indices in full thickness wound healing. Thus, from this study it could be concluded that chitosan/nano selenium 

biodegradable film have a reproducible wound healing potential and hereby justifies its use in practice. 

1. Introduction 

Wound healing involves continuous cell-cell interaction 

and cell-matrix interactions that allow the process to 

proceed in different overlapping phases and processes 

including inflammation, wound contraction, re-

epithelialization, tissue remodeling, and formation of 

granulation tissue with angiogenesis. The phases of wound 

healing normally progress in a predictable, timely manner, 

and if they do not, healing may progress inappropriately to 

either a chronic wound such as a venous ulcer or 

pathological scarring such as a keloid scar.
1
  

Well-designed scaffold with a suitable porous structure can 

support cell migration and guide vascular infiltration, 

making it an ideal dermal substitute for wound 

regeneration. Several in vitro studies that focused on 

determining the optimal mean pore size of collagen-based 

scaffolds indicated that large pores (≥250 μm) favor cell 

attachment, proliferation and migration.
2
 

The basic strategy of engineered tissue regeneration is the 

construction of a biocompatible scaffold that, in 

combination with living cells and/or bioactive molecules, 

replaces, regenerates, or repairs damaged tissues. The 

scaffold should possess suitable properties, like 

biocompatibility, controlled porosity and permeability, 

and, additionally, support for cell attachment and 

proliferation. This artificial “dermal layer” needs to adhere 

to and integrate with the wound, which is not always 

successful for the current artificial dermal analogues 

available.
3
 

Chitosan is three-high-molecular weight natural polymer. 

It is nonpoisonous; it can accelerate wound healing, reduce 

blood cholesterol levels, stimulate the immune response 

and can be biologically decomposed. It has a stronger 

antimicrobial property compared to chitin in avoiding 

fungi because it has an active group that will bind to 

microbes, so it can inhibit microbial growth. Another 

interesting detail was the low activity of carboxymethyl 

chitosan against the fungal species. The authors concluded 

that the polycationic character of chitosan is crucial for 

antifungal activity, because this functional group masks the 

cationic amino groups. 

Chitosan has a good chemical reactivity because it has a 

number of hydroxyl (OH) and amine groups (NH2) 

attaching to its chain. One of its important characteristics is 

that it has a positive charge in acidic solution. The 

substance is a stronger antifungal factor compared to 

chitin. In addition, chitosan is polycationic, so it can be 

used as a clotting agent.
4-6

 An increasing number of 

products emerging from the application of nanotechnology 

to the science of wound healing is currently under clinical 

investigation. The nanoscale strategies, both carrier, drug 

related and scaffold target the main phases of wound 

repair.
7
 

During the last years, nanoparticles have emerged as 

important platforms to treat skin wounds. Silver, gold, and 

copper nanoparticles, as well as titanium and zinc oxide 

nanoparticles, have shown potential therapeutic effects on 

wound healing.
8
 Due to their specific characteristics, 

nanoparticles such as nanocapsules, polymersomes, solid 

lipid nanoparticles, and polymeric nanocomplexes are ideal 

vehicles to improve the effect of drugs (antibiotics, growth 

factors, etc.) aimed at wound healing. On the other hand, if 

active excipients are added during the formulation, such as 

hyaluronate or chitosan, the nanomedicine could 

significantly improve its potential. In addition, the 

inclusion of nanoparticles in different pharmaceutical 

materials may enhance the beneficial effects of the 

formulations, and allow achieving a better dose control.
8
 

Selenium is one of the essential trace elements for humans. 

The bioavailability of Se is related to its different chemical 

species. Recently, elemental selenium nanoparticles are 

attracting more and more attention due to their excellent 

high biological activity and lower toxicity.
9 

Elemental 

selenium nanoparticles in liquid phase can be used as the 

materials for medical purposes.
10

 For these applications, it 

is important to have good stability of elemental selenium 

nanoparticles in liquid phase. One of the effective methods 

for stability of nanoparticles in liquid phase is to add 

modifiers. Bai et al.,
11

 used the chitosan as modifiers for 

the fabrication of elemental selenium nanoparticles. 

This study aimed at evaluation of histopathological 

findings of application of chitosan- nano selenium 

biodegradable film on full thickness excisional wound 

healing in rats. 
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2. Materials and Methods 

 

The study was approved by the institutional animal 

research ethics committee and 3R’s principles were strictly 

followed. Seventy-two adult healthy male Wistar rats 

weighting 200– 250g were used and housed in individual 

cages under room temperature and humidity with natural 

light/dark cycle, and had ad libitum access to chow and 

water throughout the study. 

 

Preparation of chemicals 

 

Chemicals were all analytical grade. Double distilled water 

was used throughout the experiment to prepare the 

solutions. All the aqueous solutions were stored at 4 °C 

and filtrated by the 

0.45 μm microvoid filter film before used. The solution of 

Se (IV) was prepared by dissolving SeO2 in double 

distilled water. 

 

Preparation of chitosan- nano selenium 

biodegradable matrix  

 

Water-soluble chitosan solution was prepared using a 

method described by others.
12

 Briefly, Medium molecular 

weight crab shell chitosan was dissolved (~400 kDa, 85% 

deacetylated, Sigma- Aldrich St. Louis, MO, USA) into an 

aqueous solution (1% v/v) of glacial acetic acid (Merck, 

Germany) to a concentration of 2% (w/v) while stirring on 

a magnetic stirrer-hot plate. The solution was stirred with 

low heat (50˚ C) for 3 hours. The resultant chitosan 

solution was filtered through Whatman filter paper after 

vacuum filtration to remove any un-dissolved particles. For 

the preparation of elemental selenium nanoparticle sol, 1.5 

mL 0.227 mol/L Vc was mixed with 1.0 mL 2.40 mol/L 

acetum, then the appropriate amounts of 5.36 mmol/L Se 

(IV) solution was added into the mixtures, the mixed 

solution was diluted to 10 mL. For the preparation of 

selenium nanoparticle-chitosan solution, appropriate 

amounts of chitosan solution was mixed with 1.5 mL 0.227 

mol/L Vc and 1.0 mL 2.40 mol/L acetum, respectively. 

The appropriate amounts of 5.36 mmol/L Se(IV) solution 

was added into the mixtures, then the mixed solution was 

all diluted to 10 mL. Philips diffractometer was used to 

obtain X-ray diffraction pattern.  X-ray diffraction (XRD) 

patterns were acquired from 2θ=10° to 80° using Cu Kα1 

radiation. (Fig. 1). Transmission electron microscope 

(Philips ES 30 KW0 was used to determine size of 

nanoparticles (Fig. 2). 

 
Figure 1. XRD pattern of elemental selenium nanoparticle. 

 

 
Figure 2. TEM image of elemental selenium nanoparticle 

shows sizes of the nanoparticle were in the range of 50 nm. 

 

Study design and animal grouping 
 

Assessment of the healing process was based on excision 

and histopathological studies 7, 14, and 21 days after 

surgery the rats were randomly selected and allocated into 

six groups of 12 rats each. A power calculation based on 

earlier studies suggested that 4 animals in each subgroup 

would be sufficient to detect a statistically significant 

difference in histomorphometric analyses, which was the 

primary outcome in this study. Group I: Animals with 

created wounds and no further treatment. Group II: 

Animals with wounds were dressed with chitosan film 

only. Group III: Animals with wounds were treated with 

sodium selenite. Group IV: Animals with wounds were 

treated with sodium selenium nanoparticles. Group V: 

Animals with wounds were dressed with chitosan/ sodium 

selenite film.  Group VI: Animals with wounds were 

dressed with chitosan/nano selenium film. The treatments 

were performed on a daily basis for 3 days. 
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  The procedures for wound creation and wound 

infection 

 

Rats were anesthetized by an intraperitoneal injection of 

ketamine (Alfasan – Holland) (70 mg/kg of b.w.) and 

xylazine (Alfasan – Holland) (5 mg/kg of b.w.), the hair on 

their back was shaved and the skin cleansed with 70% 

alcohol solution. Following shaving and aseptic 

preparation, a circular excision wound was made by 

cutting away a full thickness of 10 mm in diameter 

excision circle wounds extending through the panniculus 

carnosus using a 10 mm dermal biopsy with homemade 

sterile punch. The selected model of wound creation was 

based on similar works of others. A doughnut -shaped 

0.5mm-thick silicone splints with inner diameter of 10 mm 

was made and centered and then fixed to the skin with both 

immediate bonding adhesive and 4-0 nylon interrupted 

sutures. The rats were placed in their individual cages 

warmed by a heater and allowed to recover fully from 

anesthesia (Fig. 3). 

 

 
 

Figure 3. A doughnut -shaped 0.5mm-thick silicone 

splints with inner diameter of 10 mm was made and 

centered and then fixed to the skin with both immediate 

bonding adhesive and 4-0 nylon interrupted sutures. 

 

Histological preparation and quantitative 

morphometric studies 
 

The tissue samples were taken on 7, 14, 21 days after 

surgery from periphery of the wound along with normal 

skin and fixed in 10% buffered formalin, dehydrated and 

embedded in paraffin wax, sectioned at 5 µm and stained 

with hematoxylin and eosin (H&E) stains. 

Photomicrographs were obtained under light microscope to 

assess the predominant stage of wound healing. Three 

parallel sections were obtained from each specimen. 

Cellular infiltration including the number of mononuclear 

cells, polymorphonuclear cells and fibroblastic aggregation 

were quantitatively evaluated.  

 

3. Statistical Analysis 

 

Differences among groups were evaluated by Kruskal–

Wallis variance analysis. When the P-value from the 

Kruskal–Wallis test statistics was statistically significant, 

multiple comparison tests were used to know differences. 

Student’s t-test was used for evaluation of test results. 

SPSS 11.5 (SPSS Inc., Chicago, IL, USA) was used for 

statistical analysis. A P-value was set at 0·05. 

 

4. Results 

 

Histological and morphometric findings 

 

There were significant differences in comparisons of group 

VI and other groups, particularly in terms of cellular 

infiltration. Polymorphonuclear (PMN) and mononuclear 

(MNC) cell count and fibroblast cell proliferation in group 

VI were significantly lower than those of other 

experimental groups (P <0.05). Sample from the 6 groups 

were collected on 7, 14, 21 days after wound induction for 

histopathological examination. In group VI on the day 7 

after injury showed fewer polymorphonuclear cells, 

however, better mononuclear cell infiltration and had more 

rapid reepithelization .Maximum accumulation of 

fibroblasts was observed on day 7 and reduced in density 

until day 21.  There was a significant increase (P < 0.05) in 

mononuclear cell and fibroblast proliferation, however, 

reduced number of inflammatory cells on day 14 and 21 in 

group treated with Chitosan/Nanoselenium when compared 

to other groups. Findings on day 14 after injury revealed a 

better epithelialization with more rete ridges and dermal 

papillae and more developed dermal matrix in comparison 

with the other groups. On day 21 after injury, intense 

collagen deposition was found in different groups, 

however, group treated with Chitosan/Nanoselenium 

showed more organized collagen formation and less 

cellularity (Figs. 4-8). 
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Figure 4. Box-and-whisker plots of number of polymorph 

nuclear cells in excisional model of the rat’s skin in 

experimental groups. Results were expressed as mean ± 

SEM. 

 

 

 
Figure 5. Line graph indicating number of mononuclear 

cells in excisional model of the rat’s skin in experimental 

groups. Results were expressed as mean ± SEM. * P < 

0.05 vs other experimental groups. 

 

 

 
Figure 6. Box-and-whisker plots of number of fibroblasts 

in excisional model of the rat’s skin in experimental 

groups. Results were expressed as mean ± SEM. 

 

 
Figure 7. Histological characteristics of rat skin on the 

days 7 after wound creation in excisional wound model in 

experimental groups (A) Group III, (B) Group IV, (C) 

Group V and (D) Group VI. Black arrow: MNC, Blue 

arrow: PMN, Yellow arrow: Fibroblast, Orange arrow: 

blood vessel. (H&E staining, ×400). 
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Figure 8. Histological characteristics of rat skin on the 

days 14 after wound creation in excisional wound model 

in experimental groups (A) Group III, (B) Group IV, (C) 

Group V and (D) Group VI. Black arrow: MNC, Blue 

arrow: PMN, Yellow arrow: Fibroblast, Orange arrow: 

blood vessel. (H&E staining, ×400). 

 
5. Discussion 

 
Inflammation, proliferation and tissue remodeling are three 

phases of healing process which occur following tissue 

damages as closely as possible to its natural state. The 

healing process is activated when platelets come into 

contact with exposed collagen leading to platelet 

aggregation and the release of clotting factors resulting in 

the deposition of a fibrin clot at the site of injury. The 

fibrin clot serves as a provisional matrix and sets the stage 

for the subsequent events of healing. Inflammatory cells 

also arrive along with the platelets at the injury site 

providing key signals known as growth factors. The 

fibroblast is the connective tissue cell responsible for 

collagen deposition required to repair the tissue injury. The 

collagen is the main constituent of extra cellular tissue, 

which is responsible for support and strength.
13

 

Nanoparticles (NPs) have become significant in the 

regenerative medicine field in the last two decades.
14

 Many 

biological processes happen at through mechanisms that 

fundamentally act at the nanometer scale. Thus, materials 

such as NPs can be used as unique tools for drug delivery, 

imaging, sensing, and probing biological processes.
15

 In 

the context of wound healing, the special properties of NPs 

like electric conductivity, antimicrobial activity, and high 

surface to volume ratio, swelling, and contraction make 

NPs versatile resources.
15

 

Several reports have demonstrated that there is a beneficial 

effect of chitosan as a biologically active dressing in 

wound management. It has been reported that the 

application of chitosan to the open wounds in dogs induced 

exudate, which has a high growth factor activity, and 

induced infiltration by inflammatory cells and granulation 

tissue formation accompanied by angiogenesis. 
16,17

 

Chitosan-membrane-based wound products have been 

investigated both in laboratory animals and humans, 

however, are still at the early stages of development. Since 

1980, chitosan and its derivatives have been used in skin 

and wound management products in Japan. Beschitin W, 

an artificial skin prepared from chitin threads, has been 

developed for human use and is on the market. 
18,19

  

We selected chitosan as a dressing material due to its 

biocompatibility, biodegradability, haemostatic activity, 

anti-inflectional activity and property to accelerate wound 

healing.
20

 The N-acetyl glucosamine (NAG) present in 

chitin and chitosan is a major component of dermal tissue 

which is essential for repair of scar tissue. Its positive 

surface charge enables it to effectively support cell growth 

and promotes surface induced thrombosis and blood 

coagulation. Free amino groups which are present on the 

chitosan membrane surface may form polyelectrolyte 

complexes with acidic groups of the cellular elements of 

blood.
20

 It has several advantages over other type of 

disinfectants because it possesses a higher antimicrobial 

activity, a broader spectrum of activity, a higher killing 

rate and a lower toxicity toward mammalian cells. 

However, synthetic polymers are available at a lower price 

than biopolymer chitosan, substitution of chitosan by these 

synthetic polymers could reduce the price of chitosan-

based films with safe effect on their functionality.
20

 

The use of nanocomposites containing metals and metal 

oxides allows the therapeutic use of both unique properties 

of nanoparticles and polymer matrix properties. In this 

case, often the use of nanoparticles in nanocomposite 

structure allows not only to increase the stability of 

nanoparticles but also to reduce their potential 

cytotoxicity.
21

 

Selenium is a nonmetal that has some metal properties. The 

use of selenium in nanoform is promising for regenerative 

medicine. It is well known that nanoselenium is a highly 

effective long-acting antioxidant. Its local introduction in 

the area of injury can lead to violation of redox signaling. 

Selenium nanoparticles have been investigated for various 

medical applications and as a potential material for 

orthopedic implants.
22

 Currently, studies which indicate 
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precisely the ability of the selenium compounds to inhibit 

bacterial growth and formation of bacterial biofilms are 

also available.
22

 Selenium has reported to show significant 

antiproliferative activity against HeLa and HepG2 cell 

lines.
23

 The wound healing activity of selenium 

nanoparticles have revealed that 5% selenium ointment 

heals the excision wound of Wistar rats up to 85% within 

18 days compared to the standard ointment.
23

 

Biomaterials derived from natural products can provide 

materials with greater complexity and composition. In 

order to mimic the extracellular matrix (ECM) conditions 

of the wound and to provide a scaffold for the fibroblasts 

for collagen deposition, ECM-based therapies have gained 

popularity.
24

 A phase I clinical trial using fibroin to 

enhance wound healing is currently underway. Finally, 

there have been numerous marine polysaccharide 

hydrogels like marine collagen from Stomolophus nomurai 

meleagris, Oncorhynchus keta, Lates calcarifer, Stichopus 

japonicas, and Salmo salar, alginate from Macrocystis 

pyrifera, chitosan from crabs and shrimps, which are 

bioactive and increase wound healing rates in mice.
25

 

The histopathological findings of the present study 

demonstrated fewer polymorphonuclear cells were present 

in first week in animals treated with 

Chitosan/Nanoselenium. Improved mononuclear cell 

infiltration and more rapid reepithelization were also 

present in Chitosan/Nanoselenium treated animals. The 

reduced number of inflammatory cells on days 14 and 21 

were observed in animals treated with 

Chitosan/Nanoselenium.  On day 21 after injury, intense 

collagen deposition was found in different groups, 

however, group treated with Chitosan/Nanoselenium 

showed more organized collagen formation and less 

cellularity 

In our study, chitosan/nano selenium biodegradable film 

revealed that there was a significant difference by means of 

histopathological examinations in group VI compared to 

other experimental groups and showed significant effect on 

inflammatory infiltration and number of fibroblasts in 

time-dependent activity. This showed promising effect of 

chitosan/nano selenium biodegradable film on wound 

healing. 

Chitosan/nano selenium biodegradable film resulted in 

significant improvement in histopathological indices in full 

thickness wound healing. Thus, from this study it could be 

concluded that chitosan/nano selenium biodegradable film 

have a reproducible wound healing potential and hereby 

justifies its use in practice. 
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 نشزیه جزاحی داهپششکی ایزاى

 18(، شواره پیاپی 2)شواره  23، جلذ 1028سال

 

 چکیذه

 

 

بزداشتی توام  یها سخننانوسلنیوم بز روی التیام -کیتوساى زیپذ بیتخز ستیس هیلاارسیابی کاربزد 

 ضخاهت پوست در هوش صحزایی

 

 

 3طهزانی اصغز یعل، 1سیاهک عصزی رضایی ،2رحین هحوذی ،2هاودم رستوی

 
 ، ایشاىاسٍهیِ، هپضضکی، داًطگاُ اسٍهیِداًطکذُ دا ،گشٍُ جشاحی ٍ تصَیشبشداسی تطخیصی 1
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 یّا صخنًاًَسلٌیَم بش سٍی التیام  -کیتَصاى شیپز بیتخش ستیص ِیلاّذف اص اًجام ایي هطالعِ اسصیابی ّیستَپاتَلَطی کاسبشد  هذف:

 .بَدبشداضتی توام ضخاهت پَست دس هَش صحشایی 

 .تجشبی هطالعِ طزح:

 .: ّفتاد ٍ دٍ هَش صحشایی ًش سلام ًظاد ٍیستاسحیوانات

دسهاى.  یشیکاسگ بِتقسین ضذًذ. گشٍُ اٍل: ایجاد صخن بذٍى  ییتا دٍاصدُتصادفی بِ ضص گشٍُ  طَس بِاًات : دس ایي هطالعِ حیَروش کار

دسهاى. گشٍُ سَم: ایجاد صخن ّوشاُ با کاسبشد سلٌیت  عٌَاى بِ ییتٌْا بِکیتَصاى بش سٍی صخن  ِیلاگشٍُ دٍم: ایجاد صخن ّوشاُ با کاسبشد 

دسهاى. گشٍُ پٌجن: ایجاد صخن  عٌَاى بِبا کاسبشد ًاًَ رسات سلٌیَم  ّوشاُگشٍُ چْاسم: ایجاد صخن  دسهاى. عٌَاى بِسذین بش سٍی صخن 

 ِیلاصخن ّوشاُ با کاسبشد  جادیادسهاى. گشٍُ ضطن:  عٌَاى بِسلٌیت سذین بش سٍی صخن –کیتَصاى شیپز بیتخش ستیص یلاّوشاُ با کاسبشد 

 دسهاى. عٌَاى بِی صخن ًاًَسلٌیَم بش سٍ–کیتَصاى شیپز بیتخش ستیص

ایي هطالعِ  ر سلَلی ٍجَد داضت. دس طَل دٍسُسگ صایی ٍ ًفَ اصًظشبیي گشٍُ ضطن دس هقایسِ با سایش گشٍّا  یداس یهعٌ: تفاٍت نتایج

 بیطتشی بَدُ است. (P<0.05) داس یهعٌداسای تفاٍت  ّا گشٍُاهتیاصات سگ صایی هشبَط بِ گشٍُ ضطن دس هقایسِ با سایش 

باعث افضایص بْبَدی دس  یداس یهعٌ صَست بًِاًَسلٌیَم -کیتَصاى شیپز بیتخش ستیص ِیلا: کاسبشد و کاربزد بالینی یزیگ جهینت

ًاًَسلٌیَم -کیتَصاى شیپز بیتخش ستیص یِلاایي هطالعِ  بش اساع. گشدد یهبشداضتی توام ضخاهت  یّا صخنپاتَلَطیک تشهین  یّا ضاخص

 عولی بشای التیام صخن استفادُ کشد. صَست بِاص آى  تَاى یهکِ با استٌاد بش ایي هطالعِ است التیام صخن بْبَد  بالقَُداسای تَاًای 

 .ًاًَسلٌیَم، ًاًَ رسات سلٌیَم، ست -: التیام صخن، صخن توام ضخاهت، کیتَصاىکلوات کلیذی

 
 


