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Objectives: One of the application areas of nanobiotechnology is the use of silver 

nanoparticles (Nanosilver particles) for a new solution in medical treatments. In the 

present study, we investigate the effect of nano silver particles of the aqueous extract 

of Artemisia aucheri on skin wound healing among male rats . 

Material and Methods: After creating wounds in 48 rats, they were randomly divided 

into 6 groups. treatment with 0.2% AgNPs ointment, treatment with 0.2% AgSO4 

ointment, treatment with 0.2% A. aucheri ointment, treatment with 3% tetracycline 

ointment, treatment with Eucerin basal ointment, and untreated control. The tested 

groups were treated for ten days. 

Results: Treatment with AgNPs ointment significantly increased the amount of 

vascular contraction, hexose amine and hydroxyproline, and fibrocyte and fibrocyte to 

fibroblast ratio. Also, in the mentioned group, the wound area and the total number of 

cells, neutrophils and lymphocytes decreased significantly compared to other groups.   

Conclusion: The nano silver particles of the aqueous extract of A. aucheri accelerate 

the healing process of skin wounds and reduce the time required for complete wound 

healing. 
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    Introduction 
 A wound refers to the disintegration of a continuous body 

structure as a result of damage caused by physical-chemical 
and biological factors [1]. Wound healing is a restoration 
process that occurs after Skin and soft tissues are damaged. 
After an injury occurs, an inflammatory response occurs and 

the cells under the dermis begin to increase collagen 
production, and then the epithelial tissue is gradually repaired 
[2]. Despite major advances in the treatment of surgical 
wounds, infection is one of the significant causes. It remains 
in mortality after surgery. Since the past, Egyptian, Greek, 
Indian, and European doctors have developed effective 
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methods to treat wounds in the shortest time and with the least 
complications [3]. It is used again, each of which has many 
limitations and defects [4]. Currently, in Iran, antiseptic 
solutions such as betadine, acetic acid, washing with 
physiological serum, antibiotic ointments and hydrocortisone 
are used to treat wounds . While recent research shows that 
many disinfectant solutions such as betadine, acetic acid, 
iodophor, hydrogen peroxide are toxic to fibroblasts, 
lymphocytes and cells needed for wound healing. In 
traditional medicine, various efforts have been made to find a 
medicine to speed up wound healing, among which we can 
mention the use of gosangbin, ascorbic acid, chamomile, 
yellow patience, "Ba Daneh" and mummy to speed up the 
wound healing process [5-10] but due to the lack of 
introduction of a definitive drug to increase the speed of the 
wound healing process, studies on herbal medicines and their 
effect on the wound healing process are still ongoing. 
Artemisia (Artemisia) is a herbaceous plant that grows in 
different regions in Iran. Most of its species have a specific 
smell and taste that is caused by the monoterpene and 
sesquiterpene compounds in them. Artemisia is used 
medicinally in ancient medicine as a tonic, appetite stimulant, 
antiseptic, vasodilator and rheumatic pain treatment [11] This 
medicinal plant has a substance called santonin, which has 
been considered the most famous anthelmintic drug for the 
digestive system for a long time [12] for various types of 
treatment, in addition to its anthelmintic activity. It has been 
proven to have many biological properties, such as 
microbicide, antifungal, virucidal, anti-parasitic, as well as 
analgesic properties, as well as antioxidant and vasodilation 
properties. , Ara is a plant with a height of 25 to 25 cm and 
according to the studies it has flavonoid, santonin, coumarin 
compounds, bitter substances and volatile essential oil. 
Among the most widely used nanoparticles, after carbon 
nanotubes, are silver nanoparticles (Nanosilver particles), 
which have many uses in the field of medicine [13]. 
Numerous studies have been conducted to know the 
antimicrobial effects of silver nanoparticles [14, 15] in nano-
silver technology. Nanosilver technology is a material 
consisting of colloidal silver ions in a solution in the form of 
a suspension. Silver nanoparticles have special physical and 
chemical properties that help to increase their antimicrobial 
and wound healing properties. Therefore, in the present study, 
the effect of AgNPs on skin wound healing in male Wistar 
rats has been investigated. 
 
 
Materials and Methods 
Preparation of Artemisia Aucheri   

 To extract the fresh leaves of Artemisia aucheri    in the 
spring season after the approval of the botanist, it was rinsed 

in the shade after washing with water and powdered by the 
electric mill. The extract was used using a brew that is 
consistent with its consumption. In this respect, 50 germs 
from the plant's Power to 500 ml of cross -water water and 
gently boil (heated) without boiling. After one hour heating 
and after cooling the mixture, using subtle fabric, the extract 
solution was separated. . Then the solid was separated using 
the centrifugal of its solids. The extract was evaporated at the 
laboratory and the extract powder was kept in the refrigerator 
until used . 
 
Preparation of AgNPs 

Silver nanoparticles with average diameter of 5.4 nm were 
reproduced by Nasab Nasib Pars Tehran. Nanoparticle Size 
Analyzer Nanoparticle Size Analyzer, with regard to related 
information, including TEM and measuring . 
 
Cutaneous Wound Healing Design 

In this study, 48 Wistar male desert rats weighing 200 to 
280 grams were used. The animals were kept at a temperature 
of 20 to 22 degrees Celsius under conditions of 12 hours of 
darkness and 12 hours of light. The animals had access to 
sufficient water and food except during wound creation and 
measurement. The tested rats were anesthetized by 
intramuscular injection of 40 mg/kg of ketamine. After the 
induction of anesthesia, the hair between the two shoulder 
blades was shaved and 3   ×3  of the area was disinfected with 
70% alcohol and using a scalpel It caused a size (2 × 2 cm)  
wound that included the removal of all skin layers (Fig. 1).  
After creating wounds in the skin area, the rats were randomly 
divided into six groups including treatment with 0.2% AgNPs 
ointment, treatment with 0.2% AgSO4 ointment, treatment 
with 0.2% Artemisia aucheri ointment, treatment with 3% 
tetracycline ointment, treatment with Eucerin basal ointment, 
and untreated control. This ointment was placed on the 
wound bed every day for 10 days. Finally, after complete 
anesthesia with chloroform, the tested rats were sampled from 
the wound area. The histological sections were equally 
divided into two halves, one half of which was It was put in 
ten percent formalin . After staining with hematoxylin and 
eosin, the samples were examined with a light microscope, in 
which the total number of cells and blood vessels, fibrocytes, 
neutrophils, macrophages, lymphocytes, and fibroblasts were 
examined. In the other half of the samples, in order to 
biochemically check the amount of hydroxyproline and 
hexose amine . 
 

Statistical Analysis 
The mean of the values and standard deviations were used 

to describe the quantitative data. One-way ANOVA test was 
used to compare the variables in groups with each other, and 
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in case of significant results, Duncan test was used. Data 
analysis was done using SPSS statistical software (ver.22), 
and data were considered significant at p-values ≤ .01 about 
in vitro experiments and p-values ≤ .05 about in vivo 
experiments 
 
Results   

In the recent experiment, the findings of wound area and 
contractures, total cell, and blood vessel revealed that AgNPs 
ointment significantly (p ≤ .01) amended the above 
parameters at day 10 compared to the other groups (Tables 1 
and 2). Angiogenesis ismdefined as formation of new 
capillaries from previous vessels. Angiogenesis is a 
controlled process that is rarely seen in adults except 
ininstances of wound healing and menstrual cycle in women 
[16]. It is also a phenomenon that mostly occurs in the 
impaired areas, which is aimed at secreting cytokines in the 
vessels to repair tissues. Angiogenesis is higher in the early 
days, reaching its maximum level from days 15 to 20. This 
level is then reduced with complete withdrawal of cytokines 
and other tissue repair factors [17, 18]. In our study, AgNPs 
ointment increased significantly (p ≤ .01) the number of 
fibrocyte, the concentration of hydroxyproline, hexuronic 
acid, and hexosamine and fibrocyte/fibroblast ratio at day 10 
compared to the other groups (Tables 2 and 3). Fibroblasts 
are removed through the blood vessels formed at the wound 
site and are developed into fibrocytes after some time. The 
amount of fibroblast is usually high until day ten. The main 
role of fibroblasts is making collagen. In fact, fibroblasts 
synthesize collagen, repair the external matrix, and facilitate 
the wound contraction process [19]. One of the methods of 
wound healing facilitation is use of fibroblast growth 
stimulant. It has been found that increasing the number of 
fibroblasts in the artificial skin leads to wound healing in in-
vitro conditions. Fibroblasts synthesize some components of 
primary extracellular matrix of the wound bed such as 
fibronectin, hexosamine, and hexuronic acid, which provides 
a favorable ground for cell migration and proliferation. 
Fibroblasts then synthesize collagen, which provides tensile 
strength in the wound bed [20]. Fibrocytes are developed 
fibroblasts that have a higher ability in making collagen than 
fibroblasts. The more is the number of fibroblasts, the better 
is the wound healing [21]. Collagens are protein strains that 
are made of glycine, praline, and hydroxy proline amino 
acids. The amount of collagen is very low in the early (Fig. 
2) 

 
Table 1. The level of macroscopic parameters in experimental 

groups. 

 

 

Fig1. [1] Macroscopic wound images of  Before treatment with  AgNPs ointment.[2] 

Macroscopic wound images of  Before treatment with  AgNPs significantly reduced 

the size of the wound . 

 

Table 1. The level of macroscopic parameters in experimental 
groups. 

Parame
ters 

Cont
rol 

Basal 
ointm
ent 

Tetracyc
line 
ointment 

AgSO
4 
ointm
ent 

Artem
isia 
Auche
ri  
ointme
nt 

AgNP
s 
ointm
ent 

Wound 
area 
(cm2) 

2.6 ± 
0c 

2.5 ± 
0c 

1  ± 0a 1.8 ± 
0b 

1.5 ± 
0b 

0.8 ± 
0.5a 

Wound 
contract
ures (%) 

35 ± 
0c 

37.5 ± 
2c 

75 ± 0a 55 ± 
0b 

62.5 ± 
0b 

80 ± 
0.4a 

Non-identical letters reveal a notable shift between the 
experimental groups (p ≤ .05) 
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fig1. [2] Microscopic wound images of  Before treatment with  AgNPs ointment.[2] Microscopic wound images of  Before treatment with  AgNPs ointment significantly reduced 

the size of the wound  . Treatment with  AgNPs ointment significantly increased the amount of vascular contraction, hexose amine and hydroxyproline, and fibrocyte and fibrocyte 

to fibroblast ratio. 

 

Table 2. The level of microscopic parameters in experimental groups. 

Parameters Control Basal 
ointment 

Tetracycline 
ointment 

AgSO4 
ointment 

Artemisia 
Aucheri  
ointment 

AgNPs 
ointment 

Total cell 
(n) 

1470.8±21d 1496.3±12d 1115.3±16a 1410.3±16c 1198.9±18b 1100.2±14a 

Vessel (n) 2.9±0.5c 3.5±0.4c 9.1±0.1a 6.3±0.5b 10.2±0.2a 12.7±0.7a 

Fibrocyte 
(n) 

4.4±0.2c 4.1±0.1c 10.6±0a 7.4±0.3b 10.8±0.1a 12.1±0.2a 

Fibroblast 
(n) 

21.6±0.4b 20.7±0.2b 27.5±1a 20.6±0.8b 28.9±0.4a 31.6±0.1a 

Lymphocyte 
(n) 

 27.7±2c  28.6±1c  6.5±0a  15.2±2b  13.1±0b  7.8±0.9a 

Macrophage 
(n) 

 5.8±0a  5.4±0.03a 5.6±0.1a 5.7±0.2a 5.3±0a 4.8±0.1a 

Non-identical letters reveal a notable shift between the experimental groups (p ≤ .05) 
 

Table 3. The level of biochemical parameters in experimental groups. 

Parameters Control Basal 
ointment 

Tetracycline 
ointment 

AgSO4 
ointment 

Artemisia 
Aucheri  
ointment 

AgNPs 
ointment 

Hydroxyproline 
(mg/g of tissue) 

16.2±0.9d 15.8±1d 40.2±0a 24.7±2c 32.8±0.8b 43.7±3a 

Hexosamine 
(mg/100 mg of 
tissue) 

0.17±0.02c 0.21±0.03c 0.37±0.01a 0.28±0b 0.30±0.02b 0.39±0.04a 

Non-identical letters reveal a notable shift between the experimental groups (p ≤ .05) 
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Discussion 
Various therapeutic effects of different species of the 

Artemisia Aucheri  have been reported. The consumption of 
Artemisia Aucheri  in the diet of hypercholesterolemic rabbits 
has reduced total cholesterol, LDL-cholesterol and 
triglycerides and increased HDL-cholesterol [22]. Also, it has 
anti-hepatitis B effects [23], anti-malarial parasite [24], anti-
pain [25] and the treatment of asthma has been reported in 
different types of medicine. Since the efforts made so far to 
accelerate wound healing have definitely not led to the 
introduction of an effective drug and research is still ongoing 
in this field, in this study the effect of the Artemisia aucheri  
medicinal on the healing process Skin wound in male mice 
The Wistar breed was examined. According to the 
investigations carried out so far, the effect of this plant on the 
wound healing process has not been reported. Our findings 
showed that the aqueous and alcoholic extract of the leaves 
of the healing plant reduced the surface of the wound on the 
fifth to the thirteenth day and the percentage of recovery 
During the fifth to the seventeenth day, the wound was more 
than the control group. Also, the low and high dose of the 
above Artemisia aucheri  reduced the time required for the 
complete healing of the wound by 19 and 28.6%, 
respectively, so that the time required for the complete 
healing of the wound in the group of the low dose of A. 
aucheri  was 6.4 days on average and in the group The high 
dose of the plant was 9.6 days less than the control group. 
Although the time required for complete healing of the wound 
in the high dose of A. aucheri was less than the low dose, but 
this difference was not significant. Several studies on the 
effect of A. aucheri      medicinal plant extracts or substances 
have reported on the process of skin wound healing, which is 
consistent with our research findings. It has been reported that 
Gsangbin topical ointment, yellow patience plant gel and 
mummy (26) when used topically on the skin wounds of 
laboratory animals have increased the speed of its repair. 
Also, the local consumption of the hydroalcoholic extract of 
the A. aucheri  has been the cause of accelerating the healing 
of the burn wound in the laboratory desert mouse [7]. It has 
been reported that the topical ointment containing mucilage 
"to the grain" speeds up the healing of the wound [9]. There 
are several possible reasons for how the healing of skin 
wounds can be accelerated by fennel. Preventing wound 
infection and treating the wound with antibiotics accelerates 
the wound healing process [10] and it is reported that the 
fennel Artemisia aucheri  has It has antimicrobial effects [13, 
14]. The analysis of the essential oil of the mountain herb has 
shown that this plant contains various compounds such as 

cement, sabinene, cineole, linalool, eugenol, borneol, 
farnesol, ester and other compounds. A. aucheri essential oil 
has microbiological property Staphylococcus aureus, 
Streptococcus and Escherichia coli are the most important 
factors of wound infection. Therefore, it is possible to prevent 
this plant from causing infection and the growth of 
microorganisms due to the acceleration of the healing process 
be wounded Anti-inflammatory and antioxidant activity in 
many Varieties of heather, including mountain heather, have 
been reported [11] and modulating inflammation and using 
antioxidants accelerates wound healing [6, 8]. He deduced 
that the hydroalcoholic extract of A. aucheri  leaves is a 
medicine Probably by reducing inflammation, gathering Free 
radicals and oxidant substances in the wound healing process 
has improved According to the findings of this research, 
aqueous-alcoholic extract A. aucheri  accelerates the healing 
process of skin wounds And it reduces the time required for 
the complete healing of the wound. that silver nanoparticles 
by binding to different proteins can stimulate phagocytosis 
[27]. Kim and his colleagues also found that after inhalation 
toxicity of silver nanoparticles with a size of 18 nm for 90 
days, these particles do not induce genetic toxicity in the bone 
marrow of rats [28]. Therefore, based on the studies, it can be 
said that the introduction of silver nanoparticles and silver 
ions into the body can increase the number of white blood 
cells for xenophagy [29]. In the present study, due to the 
complete healing of the wound on the fourteenth day, a 
significant increase White blood cells can be due to the 
presence of silver nanoparticles and silver ions released as a 
foreign substance inside the body that has stimulated the 
immune system. More studies to investigate the mechanism 
of effect and type the effective ingredient of the AgNPs     is 
essential in the healing of skin wounds. 
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