
Advancements in Life Sciences  |  www.als-journal.com  |  March 2023  | Volume 10  |  Issue 1                            93 

 
als 

 

 

 

 

 

 

 
Combination of zinc nanoparticles with chitosan scaffolds 

increased cytokine genes on wound healing of infected rats 

with methicillin-resistant Staphylococcus aureus (MRSA) 

Mohammad Kazem Shahmoradi1, Mehrdad  Amini Nogorani2, Fatemeh Mansouri3, Leila Zarei4* 

 

ackground: The present study aims to determine the effect of zinc nanoparticles with chitosan in the 

expression of cytokine genes on wound healing of infected rats with methicillin-resistant 

Staphylococcus aureus (MRSA). 

Methods: In this study, all male Wistar rats were divided into five groups. Group M1: 0.1 mL sterile saline 

0.9% solution was added to the wounds with no infection. Group M2: the wounds were infected with 

methicillin-resistant Staphylococcus aureus (MRSA) and only treated with 0.1 mL the sterile saline 0.9% 

solution. Group M3: animals with infected wounds were treated with zinc nanoparticle. Group M4: animals 

with infected wounds were treated with chitosan. Group M5: animals with infected wounds were treated with 

0.1 mL solution of zinc nanoparticles with chitosan. Skin biopsy samples were removed for the histological 

studies and quantitative assessment of IL-6, VEGF, TNF and TGF genes using real-time PCR in each groups. 

Results: Quantitative histological and neovascularization studies showed that there was significant difference 

between rats in groupM5 compared to other groups. The infected groupM5 exhibited a significant increase in 

the expression levels of VEGF: 8.02, TNF: 5.34, TGF: 7.98, and decrease of IL-6:-3.34 folds as compared to the 

other groups on the 21st day (P<0.05). Also, on the same day was seen the minimum surface area of wound in 

group 5. The surface area between each study group and other groups was statistically significant(P<0.05). 

Conclusion: Our studies also show that the type of zinc nanoparticles with chitosan scaffolds have more 

effects than other types of compounds in wound healing. 
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Introduction 

Wound healing is an important public health 

challenges and numerous cellular response, various 

growth factors and signaling pathways are the primary 

events in the etiology of wound healing. Delay during 

wound repair, antibiotic drug resistant and various 

infections have increased in different worldwide in the 

past few years [1]. Open wounds are susceptible to 

starting infection by bacteria and there are good places 

for bacteria to enter and the formation of systemic 

infections. Infectious wounds are slowly healing and 

lead to undesirable secretions and cause toxins from 

dead cells and new cell formation. As a result, we need 

to stimulate and restore the natural functions of the 

damaged skin and reduce irritation and pain of injury; 

as well as to activate the tissue restoration processes 

[1]. Staphylococcus aureus is one of the most important 

hospital infections in many healthcare centers [2]. 

Methicillin-resistant staphylococcus aureus (MRSA) is 

the widest bacterial pathogen that leads to different 

infections of the skin and soft tissue. There are invasive 

severe infections such as pneumonia, endocarditis, 

bacteremia, and sepsis [3,4]. It has been suggested that 

staphylococcus aureus infection is resistant to drugs 

and leads to an increase in mortality and a rise in 

annual healthcare costs [5,6]. However, Methicillin was 

used as an important and widespread anti-bacterial 

drug in medicine [7]. 

Chitosan is a non-toxic biodegradable polymer 

prepared by alkaline de-acetylation of chitin. There is a 

wide range of chitosan in different proportions of de-

acetylation [8]. Chitosan thin films have a wide 

application in medicine and biology. One of these 

applications is making wound dressings [9-11]. 

In recent years Some Nanoparticles such as silver, 

gold, and copper as well as titanium and zinc oxide 

nanoparticles have been shown in treating skin injuries 

[12-15]. Nanoparticles including nanocapsules, 

polymersomes, and solid lipid nanoparticles are ideal 

strategies to enhance drug delivery and healing 

wounds. The effect function of zinc oxide nanoparticles 

is increased re-epithelialization, antibacterial activity 

and fibroblast proliferation, and gene expression [16, 

17]. It has been reported that a compound including 

chitosan and zinc oxide has been used successfully in 

making composite bonds for wound dressing and 

biofilms [16,18].  

Scientists have revealed that various growth factors, 

such as insulin-like growth factor (IGF), vascular 

endothelial growth factor (VEGF), transforming growth 

factor (TGF), fibroblast growth factor (FGF), and 

keratinocyte growth factor (KGF) have a crucial role in 

the wound healing. Also, the role of macrophages, 

fibroblast, mast cells are to clean the injury site 

through phagocytosis, repair and secretion of cytokines 

or growth factors [1, 2].  

The main objective of this study was to investigate 

the expression pattern of inflammatory IL-6, VEGF, 

TNF and TGF genes on wound healing of infected rats 

in order to provide a standard therapeutic option 

during this study. Combination of zinc nanoparticles 

with chitosan scaffolds can act as a valuable option in 

the cell migration, stimulate the immune response in 

many microbial infections and an ideal dermal 

substitute for ulcers and wound regeneration. It acts as 

a valuable option in accelerate wound healing and 

effective antibiotics in future. 

Methods 

Ethical Considerations  

The research project was approved by the ethics 

committee of the Lorestan University of Medical 

Sciences, with the number of IR.LUMS.REC.1401.067 

registry grant number 267 for final thesis of residency 

students. 

Animals 

In this study, we use 60 male Wistar rats in the weight 

range of 180-200 gr at Lorestan Medical Sciences 

University, Khoramabad, Iran. These animals were held 

in standard cages under natural light and room 

temperature. Before starting studies, the animals have 

undergone 2 weeks of adaptation courses to minimize 

the negative effects of new environmental stress. The 

method of making wound infectious, histopathology 

evaluation, and bacterial inoculation were performed 

according to a previous study by Dr Abbaszadeh et.al 

[14]. The tissue samples were removed on days 7, 14, 

and 21 after the surgery of wounds from all group 

animals.  

After anesthesia and a small incision under sterile 

conditions, a sample of 7mm diameter was taken from 

all healed and intact tissues. The samples were 

immersed in buffered formalin 10% for establishment. 

After fixing and molding tissue in paraffin, sections of 

5-micron thickness were prepared by microtome. The 

samples were stained through the hematoxylin-eosin 

method.  

Measuring the wound surface area 

To determine the role of zinc/chitosan in skin wound 

healing, we first assessed the difference in wound 

repair between control rats and infected rats with a 

zinc/chitosan bandage, using full-thickness excisional 

wounds introduced to the dorsal skin of each groups. 

During the course of the study, mortality was not 

observed in each animal groups.  

All wounds were photographed by a digital camera 

accompanied by a software ruler as a measuring scale. 

Method for measuring the wound surface area using 
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Adobe Acrobat 9 Pro Extended software (Adobe 

Systems Inc., San Jose, CA, USA).  The time was 

considered day zero. This was repeated on days 7, 14, 

and 21.  

The method the or making the biodegradable layer of 

chitosan-nano-zinc 

Chitosan-nano-zinc was prepared according to 

Lasshami et al [15]. Briefly, 10mL aqueous 

polysaccharide (10mL, 0.5% W/W) was mixed with 

7.5mL acid ascorbic solution of 0.23M and 5mL acetic 

acid solution of 2.4M. Then, 0.25mL zinc solution of 

0.51M was added to this prepared mixture. Changing 

the color of the reaction mixture from colorless to red 

is evidence of the formation of the chitosan-zinc 

nanoparticles. Finally, the solution was diluted with 

distilled total water up to a final volume of 50mL.So, 

the concentration of chitosan-zinc nanoparticles was 

200mg/L. Then, 10 mL of prepared solution was 

dialyzed using permeable membranes with the 

permeability to molecules of 12kD molecular weight- 

against 2L of distilled water at room temperature for 2 

hours [16].  

Animal groups 

 All male rats were divided into five groups after the 

dorsal small incision. Group M1: 0.1 mL sterile saline 

0.9% solution was added to the wounds with no 

infection. Group M2: the wounds were infected with 

methicillin-resistant Staphylococcus aureus (MRSA) 

and only treated with 0.1 mL the sterile saline 0.9% 

solution. Group M3: animals with infected wounds 

were treated with zinc nanoparticle Group M4. Animals 

with infected wounds were treated with chitosan Group 

M5: animals with infected wounds were treated with 

0.1 mL solution of zinc nanoparticles with chitosan  

RNA extraction and quantitative real-time PCR (qRT-

PCR) analysis of all samples 

Cytokine mRNA expression level was assessed using 

qRT-PCR. Total RNA was extracted from skin samples 

using RNX-plus solution (Gene all, South Korea) 

according to the manufacturer’s instruction and then 

stored at −20°C. The quality and quantity of extracted 

RNAs were evaluated by the absorbance ratio at 

280/260 nm using NanoDrop-2000 spectrophotometer 

(Thermo Fisher Scientific, USA). Complementary DNA 

(cDNA) was synthesized from 1μg RNA using First 

Strand cDNA Synthesis Kit (Takara, Japan). 

Quantitative PCR reaction was performed in triplicate 

on a real-time PCR detection system (ABI, USA) using 

SYBR Green Premix EX TaqTM II (Takara, Japan). The 

cycling conditions were: 10 seconds at 95 °C, then 40 

cycles at 95°C for 10 seconds and 60 °C for the 20 

seconds. The melt conditions were: 65-95°C for 10 

seconds. Specific sets of primers were designed. 

Besides, negative controls (nuclease-free water), beta-

actin (as a reference gene) and melt curve analysis were 

employed in each run. Fold changes in gene expression 

were calculated by 2-ΔΔCT method. 

Statistical Analysis  

All histochemical and fold change expression data were 

completed by using Microsoft Excel 2013 software and 

SPSS (version 20.0; IBM Corp, USA). Differences among 

groups were evaluated by Kruskal–Wallis variance 

analysis.  The statistical analyses are presented as the 

mean values ±standard deviations (SD) of three 

experiments. The variance in level of p < 0.05 was 

designated as significant. Comparison among days was 

assessed by Mann–Whitney U-test. 

Results 

Surface area of wounds among all the study groups was 

statistically significant on days 7, 14 and 21 (p 

value<0.001). The maximum area was observed in 

group 2 (open wound with methicillin-resistant 

infection) on day 14. The minimum surface area of 

wound in group 5 (infectious wound with chitosan -

nanozinc scaffold) was observed on day 14. The 

minimum surface area was seen in group 5 on day 21. 

The surface area between each study group and other 

groups was statistically significant (p value<0.001) 

(Figure 1). 

     

Group 1 Group 2 Group 3 Group 4 Group 5 

Figure 1: Results of wound healing in five groups 

Several gene expression were assessed using the fold 

change values in the various groups, including TNF, 

TGF, VEGF, IL-6 and IL-1.  TNF, TGF and VEGF genes 

exhibited undetectable Several gene expressions were 

assessed using the fold change values in the various 

groups, including TNF, TGF, VEGF, IL-6 and IL-1.  TNF, 

TGF and VEGF genes exhibited undetectable levels in 

group M1 (normal healthy skin) and in the infected 

animal groups (M2-M5) on the 6 day; because samples 

were very small. 

Grossly, TNF gene expression levels were different in 

all studied groups and controls on 21 day. All fold 

changes showed statistical significance with p 

values<0.05 of M1:1, M2:1.07, M3:0.09, M4:1.67 and 

M5:5.34. TGF gene expression levels were different in 

all studied groups and controls on 21 day.  All fold 

changes showed statistical significance with p 

values<0.05 of M1:1, M2:1.18, M3:1.92, M4:2.67 and 

M5:7.98. VEGF gene expression levels were different in 

all studied groups and controls on 21 day.  All fold 
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changes showed statistical significance with p 

values<0.05 of M1:1, M2:1.08, M3:2.98, M4:4.07 and 

M5:  8.02. IL-6 gene expression levels were different in 

all studied groups and controls on 21 day.  All fold 

changes showed statistical significance with p 

values<0.05 of M1:1, M2:1.07, M3:-0.96, M4:-1.92 and 

M5:-3.34 (Figure 2). 

 
Figure 2: TNF fold change levels among different groups. TNF 
level in group M5 showed statistical significance in comparison 
to other groups (p-value < 0.05). 

Discussion 

In recent years, due to their specific characteristics 

including low toxicity, bioavailability, penetration 

power, and wider distribution in various biological 

tissues compared to their macromolecular 

counterparts, metallic and metallic oxide 

nanopariticles have attracted more attention [17].  

Chitosan prevents dehydration and infection of 

wounds and enhances wound healing. Today, the use of 

nanoparticles prevents or reduces infections [18]. In 

this present study, we use chitosan as a vehicle for 

transferring zinc nanoparticles.  

Bano et.al. performed chitosan and its derivatives in 

wound dressing in 2017 [19]. They claimed that 

chitosan is useful in treating injuries and burns in 

different forms. Due to its antimicrobial attributes, 

chitosan has been assessed in treating wounds. 

Histological studies suggested that chitosan has been 

effective in wound healing inducing structural renewal 

and epithelialization [19].  

Also, we observed that the chitosan nano-zinc film 

group approached a more consistent formation of 

germinal tissue. Considering the importance of the 

existence of germinal tissue, we find that chitosan as a 

vehicle with more efficiency for zinc nanoparticles. And 

possibly, through epithelialization and formation of 

epithelial tissues, chitosan prevents microbial 

infections and can improve the wound healing process 

[20]. To determine the role of zinc/chitosan in skin 

wound healing, we first assessed the difference in 

wound repair between control rats and infected rats 

with a zinc/chitosan bandage, using full-thickness 

excisional wounds introduced to the dorsal skin of each 

groups. The basic steps of skin repair include local cells 

accumulation, cytokine secretion, inflammatory or pro-

inflammatory factors invasion[4]. As cytokines are 

candidate mediators of repair and are highly 

informative [5]. This study showed that wound healing 

was significantly different in treated animal groups and 

control groups. Molecular detection of cytokine may 

have potential value in detecting wound healing 

process [6]. In normal skin tissues, IL-6, VEGF, TNF and 

TGF are absent or expressed at very low level [7]. The 

expression levels of IL-6 in the chitosan/zinc 

nanoparticle treated wound area decreased during the 

healing process compared to controls at day 21. 

Because inflammation decreases at 21 day. Also, our 

findings indicate that VEGF, TNF and TGF mRNAs 

levels are higher in experimental samples compared to 

controls at day 21. These genes play their roles in 

wound healing in different ways by affecting different 

cells in the wound region. Based on these results, 

various growth factors, such as vascular endothelial 

growth factor (VEGF), transforming growth factor 

(TGF), have increased in the wounds of experimental 

groupM5. Fast wound healing process is observed in 

infected animals with zinc/chitosan scaffolds. This 

vascular proliferation was predominant in group M5 

than other groups, and it was weak in groupM1at 

day21. The high expression of cytokine leads to the 

accumulation of fibroblast in skin cells. VEGF is a 

marker for endothelial cells during the process of 

neovascularization and capillaries formation in the 

proliferative phase. In angiogenesis, VEGF expression 

at the site of injury accelerates the wound healing 

process. VEGF induces angiogenesis at the wound area. 

VEGF expression was increased 8.02-fold compared to 

the other groups. TNF levels are dramatically higher in 

groupM5 than in other groups. The TGF expression 

level increases during the repair process. TGF is a very 

important cytokine in the wound healing process, 

which is produced by repair cells and enters the wound 

space. In fact, by increasing the expression of TNF and 

TGF gene levels (5.34 and 7.98 folds, respectively) 

compared to other groups, fibroblasts accumulate in 

wound area and produce and secrete extracellular 

matrix components. Increased expression of TNF gene 

causes differentiation of other cells into fibroblasts [8]. 

These findings are consistent with the results of Zhang 

et al. (2004) [9]. FGF, VEGF and TGF, as the potent 

angiogenic factors, are produce by mast cells (MCs)[10]. 

MCs have critical influence on neovascularization 

regulating homeostasis and wound-healing processes 

in the neoangiogenic region. It means that 

combination of zinc nanoparticles with chitosan 

scaffolds may induced an adaptive response by 
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stimulating the cellular system. Medicinal plants are 

natural and useful medicinal substances [21, 22]. The 

use of nanoparticles as medicine in the treatment of 

diseases is recommended [23-28]. 

Thus, chitosan/zinc nanoparticles have been 

identified as an important player in wound 

physiological healing in methicillin-resistant 

Staphylococcus aureus-infected animal and may 

facilitate therapeutic strategies not only for animal but 

also for other chronic wounds in humans. Our studies 

also show that the type of zinc nanoparticles with 

chitosan scaffolds have more effects than other types of 

compounds in wound healing. 
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