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 Background: Wound healing is a complex process 

necessary to repairing damaged tissues and preventing 

infection. Selenium nanoparticles were known by their 

antioxidant and antimicrobial effect that is important in 

wound healing. Aim: the aim of this study was to 

investigate the effect of selenium nanoparticles in 

reducing and accelerating the wound healing time in 

mice. Methods: Se NPs were synthesized by a simple wet 

chemical method. Then the experimental animals were 

divided into the following groups: Negative control 

group, Positive control group, selenium nanoparticles 

control group, wounded mice treated with selenium 

nanoparticles group. At the end of experiment, mice were 

scarified  & skin tissue samples were collected for 

biological analysis [Vascular Endothelial cell Growth 

Factor, Collagenase I and Nitric oxide] and 

histopathological study. Results: The results showed that 

the percentage of wound area has been significantly 

reduced in Se NPs treated group compared to the positive 

control. The level of Vascular Endothelial Growth Factor 

and Collagenase I in Se NPs groups were significantly 

increased compared to positive control while nitric oxide 

was significantly decreased in Se NPs treated group. Skin 

tissue showed effect of selenium nanoparticles by 

regenerating and recavering skin layer. Conclusion: 

Selenium nanoparticles have an important role in 

accelerating and reducing wound healing time. 

 

Introduction: healing process can be divided into three 

or four overlapping phases: (1) hemostasis 

phase (some authors not considered this a 

phase) (2) inflammatory phase, (3) 

proliferative phase or new tissue 

formation (neoangiogenesis, proliferation, 

re-epithelialization); and (4) tissue 

The skin forms an effective barrier 

between the body and external 

environment. If the protective skin barrier 

is disrupted, wound healing process is 

immediately begun by activating an 

orchestrated cascade of events (1). Wound 
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remodeling (remodelling of extracellular 

matrix, ECM) (2). Depending on growth 

factors, cytokines, and chemokines 

involved in a complex integration of 

signals that coordinate cellular processes 

lead to the success of the wound healing 

process (3). Nanoparticles can be combined 

into biomaterials and scaffolds to form 

nanocomposite smart materials, which can 

help wound healing by their antimicrobial, 

selective anti- and pro-inflammatory, and 

pro-angiogenic properties. In addition, 

they can affect the healing process by 

influencing collagen deposition and 

realignment (4). For example Selenium 

(Se) metal that is one of the important 

trace mineral that plays an essential role 

for human health. Due to Selenium 

nanoparticles biocompatibility and low 

toxic nature as a result to its high specific 

surface area, high surface activity, 

abundant surface active centers, high 

catalytic efficiency and adsorbing ability, 

Se-NPs receiving a great attention (5). This 

claimed support the aim of this study to 

evaluate the role of selenium nanoparticles 

in accelerating and reducing the wound 

healing time.  

(TEM) and UV-Vis absorption 

spectroscopy techniques have been 

employed to characterize the synthesized 

Se NPs. 

Characterization of Se NPs: 

     Transmission electron microscopy 

(TEM) images were obtained with a Joel 

JEM-1230 electron microscope operated 

at 120 kV equipped with Gatan Ultra 

Scan 4000SP 4K 9 4KCCD camera. A 

drop from diluted sample dispersion was 

deposited onto anamorphous carbon film 

on 400 mesh copper grids and left to 

evaporate at room temperature. UV–Vis 

spectra were measured with a Perkin 

Elmer Lambda 40 UV–visible 

spectrophotometer using 1-cm path 

length Hellma quartz cuvettes. 

Animals: 

     Forty female albino mice, each 

weighed 25-30 g with age (2 month ± 

week) were, were housed in special 

cages (10 - mice/cage) and maintained 

under controlled environmental 

conditions (12-hours light/dark cycle, 

temperature 27°C) in animal house of 

Faculty of Science - Zagazig University, 

and provided with standard laboratory 

food and water ad libitum. In accordance 

with the guide for the care and use of 

laboratory animals all studies were 

performed, as adopted and promulgated 

by the Institutional Animal Care 

Committee [ZU-IACUC/1/F/117/2018]. 

Material and Methods: 

Chemicals:  

     VEGF and Collagenase 1 kit were 

obtained from New Test Co.Egypt. Nitric 

oxide kit was obtained from Bio-

diagnostic Co. Egypt. All chemicals used 

in preparation of Se-NPs were obtained 

from Sigma-Aldrich and used without 

further purification. 

Wound model  

     Mice were anesthetized by light 

dosage of diethyl ether and then 250 

mm2 full thickness open excision wound 

was opened at the lower right part of the 

dorsum (7).  

 Preparation of Se Nanoparticles 

0.1g of Polyvinylpyrrolidone (PVP) was 

dissolved in 40 mL of distilled water 

under stirring and 0.6 g of ascorbic acid 

was added to that solution and 

continuous stirring for 5 min. 1mL of 

0.96g/mL of cetyltrimethylammonium 

chloride (CTAC) solution was added. 

After 5 min of stirring 1mL of 0.25M of 

Sodium selenite was added drop-wise till 

the color of the solution changed from 

colorless into orange color (6). 

Transmission electron microscopy 

Experimental design: 

The animals were divided into four 

groups each one contains 10 mice as 

following: 

Group I: Negative control group, 

injected with saline along experiment.  

Group II: Positive control group, 

wounded mice (250 mm2 full thickness 

open excision wound). 
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Group III [Se-NP control group]: 

healthy mice were injected 

intraperitoneal (IP) with Se-NP (0.5 

mg/kg) daily for 30 day (8). 

The means followed by the same letter in 

each column are not significantly 

different from each other at the 5-percent 

probability level P (14). 

Group IV [Se-NP treated group]: 

wounded mice were injected IP with Se-

NP (0.5 mg/kg) daily for 30 day. 

 Results 

Characterization of Selenium 

nanoparticles 

2.6. Wound contraction       Ascorbic acid was used as a reducing 

agent because it is biocompatible and has 

good reducing properties forming a 

spherical nanoparticle having average 

size 30.22±1.21 nm as measured using 

TEM in Fig. 1. Nanoparticles were 

stabilized by the presence of PVP and 

CTAC. When sodium selenite was 

allowed to react with ascorbic acid, the 

selenium was reduced to elemental 

selenium (Se0). The color change from 

colorless to orange indicated the 

occurrence of the reduction reaction to 

form selenium nanoparticles. Such a 

color change of Se nanoparticles 

dispersion could be more clearly 

manifested by the UV–Visible 

absorption spectra in Fig. 2. Se NPs 

shows maximum absorbance at 259 nm. 

     Digital photographs of wounds were 

taken at different times (0, 7, 15, 23, 30 

days) for following the difference and 

speed of wound healing process in 

treated group compared with positive 

group. 

Sample collection 

-Tissues homogenate: 

     At the end of experiment, skin tissues 

of wound area were obtained to form 

homogenate. Samples were homogenized 

in 4ml (0.1g tissue) of cold buffer 

(50mM phosphate buffer, pH 7.0, 

containing 5mM EDTA, and 1mM 2-

mercaptoethanol) and then separated in 

centrifuge at 3000 rpm for 10 min at 20c 
(9). 

- Biochemical Analysis: 

     Vascular endothelial growth factor 

(VEGF), Collagenase I and Nitric oxide 

were determined according to method 

described by (10-12) respectively.  

Effect of Se-NP on wound area 

Photographing of wound healing process 

in mice at different time points (Figure 

3), showed that the wound area was 

highly reduced in Se-NP treated group 

compared to positive control group. 

-Histopathological study 

     Skin tissues were removed and 

preserved in 10% formalin for fixation, 

then embedded in paraffin cubes. Thin 

sections (4-5 m) were stained with 

hematoxylin and eosin (H & E) solution 

and examined under light microscope 

power of (X 100 –400) for 

histopathological examination (13). 

Effect of Se-NP on vascular 

endothelial growth factor in the skin 

tissues of all studied groups 

Table (1) and figure (4) demonstrated the 

effect of Se-NP on VEGF level in the 

skin tissues of all studied groups.  

The mean values of VEGF (pg/g tissue) 

were increased from 12.16 ± 0.24 in 

negative control group (G I) to 24.61 ± 

0.28 in group (G II) by 102.47 %. There 

was significant decrease in (G IV) 

treated group and (G III) control group 

by -16.03 % and -88.12 % respectively 

compared to (G II) and (G I). 

Statistical analysis: 

Data were statistically analyzed for 

descriptive measurements including 

arithmetic mean and standard error using 

SPSS program version 23. The one-way 

ANOVA test was performed for 

comparison between the different groups 

[i.e. Negative, Positive, Se (C), Se (W) ] 

and followed by post hoc test using 

Duncan multiple rang (DMR) test for 

comparisons between means of groups. 

Effect of Se-NP on collagenase 1 

activity in the skin tissues of all studied 

groups 
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Table (1) and figure (4) demonstrated the 

effect of Se-NP on collagenase 1 activity 

in the skin of all studied groups. 

continuity and function (15). Although the 

wound healing process take place 

spontaneously and does not need much 

help, there are several risk factors such 

as infection, supply of blood, nutritional 

status and other factors that impact the 

resolution of this process (16). It is well 

known that the natural wound healing 

process was delayed by microbes 

attacking which invade the skin barrier 
(17). The vascular endothelial growth 

factor (VEGF) is predominantly secreted 

by keratinocytes located at the wound 

site (18). VEGF is a regulator of 

angiogenesis and stimulates endothelial 

cell functions needed for new blood 

vessel formation, such as proliferation, 

migration, differentiation, and survival 
(19). Also Matrix Metalloproteinase like 

collagenase 1 (MMP-1), is the major 

human interstitial collagenase, might 

play a significant role in fibrous plaque 

disruption by contributing to the 

degradation of interstitial collagens and 

thinning of the fibrous cap (20). NO play 

an important role in all phases of wound 

healing but it might increase the 

nitroxidative stress (21,22). In this study, 

the level of NO in skin tissues was 

increased in Positive control group in 

response to injury of the skin. While 

their level were decreased in Se-NP 

treated group, this may be due to the 

antioxidant activity of Se-NP where Se-

NP with their small size and large 

surface area had more atoms exposed to 

free radicals for the electron exchanger, 

with a high potential for scavenging 

multiple free radicals (23). This result 

were in agreement with Dkhil et al. (24), 

who indicated that SeNPs able to 

decrease the levels of nitric oxide and 

lipid peroxidation which lead to reducing 

oxidative stress and apoptosis. Also the 

data showed that the level of VEGF and 

collagenase 1 in Se-NP treated group of 

skin tissues were lower than that of 

Positive control group, the lower level 

showing the ending of wound healing 

process as at the terminal stages of 

The mean values of collagenase 1 (ng/g 

tissue) were increased from 1.22 ± 0.08 

in negative control group (G I) to 3.86 ± 

0.1 in group (G II) by 217.84 %. There 

was significant decrease in (G IV) 

treated group by -84.06 % in comparison 

with (G II). While there was non-

significant decrease in (G III) control 

group by -9.09 % in comparison with (G 

I). 

Effect of Se-NP on nitric oxide (NO) 

concentration in the skin tissues of all 

studied groups. 

In skin tissues as showed in Table (1) 

and figure (4) the mean values of  NO 

(µmol/g tissue) were increased from 4.12 

± 0.30 in negative control group (G I) to 

16.07 ± 0.17 in group (G II) by 290.38% 

. There was significant decrease in (G 

IV) treated group and (G III) control 

group by -44.9 % and -25.20 % 

respectively in comparison with (G II) 

and (G I). 

Histological changes 

     Histological study was done for the 

skin tissues of scarified female albino 

mice from all groups after healing to 

evaluate the impact of Se-NP on skin 

during healing process. 

As shown in figure (5): Skin tissue from 

positive control group (G II) (A) was 

uncompleted wound healing. There were 

observed changes in (G IV) (B) treated 

group, showed that there was 

regeneration effect on wounded skin by 

forming skin layers. Skin tissue from 

negative control group (G I) (A'') showed 

normal skin layers. But Skin tissue from 

(G III) (B'') control group showed few 

changes compared to (G I) like edema in 

the dermis layer. 

Discussion  

Wound has been defined as a disruption 

of normal anatomical structure and 

function. Therefore, healing is the 

complex and dynamic process that lead 

to the restoration of anatomical 
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healing angiogenesis is suppressed, 

growth factor levels decline as tissue 

normoxia is restored and inflammation 

subsides (25). The results of histological 

examination of the skin were confirmed 

the biochemical analysis. Se-NP treated 

group showed regeneration of skin layer 

in skin tissue compared to positive 

control group, this indicate proliferation 

of basal layer of epidermis to 

compensate skin loss in response to 

wound healing effect of Se-NP (26-29).  
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Figure (1): TEM and histogram images of water soluble Se nanoparticles being 

collected from the freshly synthesized Se NPs suspension. 

 

 

Figure (2): UV–visible optical spectra of Se NPs peak at 259 nm. 
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Figure (3): wound healing contraction at different times (0, 7, 15, 23, 30 days) in all 

studied groups in adult female albino mice.  

 

Table 1. Vascular endothelial growth factor levels, Collagenase 1 activity and Nitric 

oxide (NO) concentrations in skin tissues of all studied groups.  

Groups VEGF          

(pg/g tissue) 

collagenase 1 

(ng/g tissue) 

Nitric oxide 

(µmol/g tissue) 

Negative 

Control 

(G I) 

Mean ± SE f12.16± 0.24 d1.22 ± 0.08 e4.12 ± 0.30 

%Change ---- ---- ---- 

Positive 

Control 

(G II) 

Mean ± SE c 0.2824.61±  b3.86 ± 0.1 a16.07± 0.17 

% Change 102.47 217.84 290.38 

Se (C) 

(G III) 

Mean ± SE g1.44± 0.07 d1.11 ± 0.03 f3.08± 0.26 

% Change -88.12 -9.09 -25.20 

Se (W) 

(G IV) 

Mean ± SE g1.20± 0.17 e0.62 ± 0.07 d8.85 ± 0.46 

% Change -95.14 -84.06 -44.91 

The means± SE followed by the different letter in groups are significantly from each other with probability level 

(P ≤ 0.05). 
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Figure (4): Vascular endothelial growth factor levels, Collagenase 1 activity and 

Nitric oxide (NO) concentrations in skin tissues of all studied groups. 

 

 
A                                 B 

 
A''                                 B'' 

Figure (5): (H & E × 400) staining of sections from skin tissue of female albino mice. 

Where (A): (G II), showing epidermal ulceration; note the detached epidermal layer 

with brocken basement membrane (arrow). (B):(G IV), showing focal leucocytes cells 

infiltrations in the dermal layer (arrow). (But (A''): (G I) showing normal skin layers; 

note the normal epidermis and dermis. (B''): (G III), showing intact epidermis with 

edema in the dermis layer; note the increased thickness in the dermis together with 

dispersed tissue elements (arrow head).  
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