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Abstract. – OBJECTIVE: Silver nanopar-
ticles (G-AgNPs) improve wound healing by 
promoting skin cell proliferation and differ-
entiation. Therefore, G-AgNPs could act as 
drug carriers and wound healers in biomedi-
cine. The current study aimed to improve skin 
wound healing using natural, safe G-AgNPs. 

MATERIALS AND METHODS: The G-Ag-
NPs were reduced with ethylcellulose (EC) and 
incorporated into an oil-in-water cream base. 
The size, charges, and wavelength were used to 
characterize the prepared G-AgNPs. Further, the 
transmission electron microscope (TEM) and 
the scanning electron microscope (SEM) were 
used to provide the shape of G-AgNPs. More-
over, the skin wound healing was evaluated with 
the appropriate histopathological techniques in 
a mouse model with skin injury to prove the cu-
rative effects of G-AgNPs which was conduct-
ed for 15 days on 45 adult male albino rats. The 
effectiveness of G-AgNPs-EC cream for treat-
ing surgical skin wounds was assessed by his-
topathological (HP) examination of hematoxylin 
and eosin (H&E) stained sections. 

RESULTS: The produced G-AgNPs-EC showed 
a size of 183.9 ± 0.854 nm and a charge of -14.0 
± 0.351 mV. UV-VIS spectra showed a strong ab-
sorption of electromagnetic waves in the visi-
ble region at 381 nm. Furthermore, the TEM and 
SEM showed rounded NPs in nano size of the 
prepared G-AgNPs-EC. The G-AgNPs cream was 
pivotal in enhancing wounds’ healing proper-
ties, improving the formation of wound granu-
lation tissue, and enhancing the proliferation of 
epithelial tissue in rats. 

CONCLUSIONS: The current study showed 
that G-AgNPs-EC is a new skin wound healer 
that speeds up healing.
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Antiproliferative, Anti-inflammatory effect.

Introduction

Wounds are physical, chemical, or mechanical 
tissue damage. So they are sensitive to bacterial 
infections that inflame and destroy skin tissues1. 
Both diabetic and healthy individuals struggle 
against the severe problem of wound healing and 
the prevention of proper skin wound healing2. 
Silver sulfadiazine or pentoxifylline may induce 
toxicity when treating skin wounds3. A constant 
quest for new materials and procedures may lower 
the danger of scar development and delay wound 
healing4. Therefore, there is an urgent need to di-
scover new ways to promote and improve the pro-
cess of skin wound healing and care5.

Silver has been used for treating many disea-
ses, such as wounds, pleurodesis, and some other 
dermatological disorders6. Herein, silver nanopar-
ticles (G-AgNPs) showed remarkable physicoche-
mical properties over the traditional medications 
as an alternative and outstanding option compa-
red to the other antimicrobials7. Moreover, the ef-
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fects of G-AgNPs could be caused by blocking 
and altering the cell wall’s breathing enzyme 
pathways, which results in their tremendous anti-
microbial effects. According to Modak and Fox8, 
the AgNPs have potential pro-healing properties 
and antibacterial activities. G-AgNPs are alterna-
tive NPs to avoid the toxicity of synthetic AgNPs. 
Recent studies4 reported the role of G-AgNPs in 
skin wound healing.

In contrast, numerous studies9 mentioned 
that AgNPs had been used as a mouthwash (with 
5 nm size) following oral surgery due to their mul-
tiple biological activities, such as antibacterial and 
wound healing properties. Recently, cryogen has 
been tagged with AgNPs and biodegradable gela-
tin for treating skin burns caused by Pseudomonas 
aeruginosa10. Furthermore, using guar gum and 
curcumin to stabilize AgNPs hydrogels improves 
their characteristic wound-healing power11.

This study aimed to improve skin wound healing 
by using a natural, safe method of G-AgNPs. The 
G-AgNPs were reduced with ethylcellulose (EC) 
and incorporated into an oil-in-water cream base. 
The G-AgNPs’ size and charges were measured 
using the zetasizer-nano instrument, and their wa-
velength was measured by the UV/VIS Spectropho-
tometer. Fourier transform infrared (FTIR) was 
used to prove the G-AgNPs’ compatibility with the 
cream. In contrast, the transmission electron mi-
croscope (TEM) and scanning electron microscope  
(SEM) results confirmed the shape of the G-AgNPs. 
Further, the formulated G-AgNPs were tested phy-
sically, and skin wound healing was evaluated with 
the appropriate histopathological techniques in a 
mouse model with skin injury to prove the curative 
effects of G-AgNPs against skin wound injury. 

Materials and Methods 

Materials and Study Design
Sodium chloride, sodium dihydrogen phospha-

te, disodium hydrogen phosphate, sodium hy-
droxide, nitric acid, and hydrochloric acid were 
purchased from Merck Company (Darmstadt, 
Germany). 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
and MTT assay reagent were purchased from 
Sigma Aldrich Company (Steinheim, Germany). 
Cytokine-specific enzyme-linked immunosorbent 
assays were purchased from Santa Cruz Biotech-
nology Inc. (Bergheimer, Heidelberg, Germany). 
TNF-α (ABIN6574141) was purchased from anti-
bodies-online GmbH (Aachen, Germany). 

The experiment of the current study was 
conducted for 15 days on 45 adult male albino 
rats (aged six weeks and weighing 153-198 gm). 
Under a light-dark cycle of 12 h, all rats were 
given a diet consisting of chow and free access 
to running water. This study was agreed upon 
by the Research Ethics committee of Qassim 
University (21-10-06), following the “Natio-
nal Research Council Guide for the Care and 
Use of Laboratory Animals” (NIH Publication 
No. 8023, revised 1978)12. The rats were divi-
ded into three equal groups (15 rats for each 
control, sham, and G-AgNPs-EC). The skin of 
the control group (G1) was shaved and topically 
treated with distilled water, and the sham (pla-
cebo) group, known as G2, had surgical trauma 
and was treated topically with vaseline. In con-
trast, the skin of the third group (G3) was sur-
gically wounded and treated with G-AgNPs-EC 
topical cream. To prepare the surgical site, the 
middle portion of each back skin was shaved 
and sterilized with 65% ethyl alcohol. On day 
zero, G2 and G3 developed wounds on their 
skin. Finally, the vaseline and G-AgNPs-EC 
cream were applied topically to the skin wounds 
twice daily using cotton swabs on days zero, 4, 
10, and 1513. 

A full-thickness excisional skin punch biopsy 
(0.8 cm) was obtained from the rat dorsal skin 
under the local anesthetic condition at the end of 
days 4 (subgroups A), 10 (subgroups B), and 15 
(subgroups C). A histopathological (HP) investi-
gation of skin sections was carried out using the 
hematoxylin and eosin (H&E) stains to evaluate 
the effectiveness of G-AgNPs-EC cream for sur-
gical skin wound treatment according to the pre-
vious study by Norman et al14. 

Synthesis of G-AgNPs-EC
G-AgNPs16,17 were prepared and stabilized 

with EC using the previously reported techni-
que by Abdellatif et al15. Simply EC standard 
1% solution was prepared in distilled water, then 
AgNO3 aqueous solution 1 mM was prepared and 
adjusted for pH (8.2) and ionic strength using 1 
mL Mole NaOH. The prepared AgNO3 solution 
was heated to boil over a hot plate and kept stir-
ring after adding 2 mL of the prepared EC solu-
tion. After 25 min, the dark brown solution’s color 
indicated the formation of G-AgNPs-EC. Finally, 
the solution was cooled to 25°C and purified from 
large particulates via centrifugation at 1,500 rpm 
to extract the NPs Field concrete aggregates18. 
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Size and Charge 
The size and charge of the generated G-A-

gNPs-EC were measured using a Malvern Zetasizer 
Nano Z.S. (Malvern Instruments GmbH, Herren-
berg, Germany)15. Data were presented as the avera-
ge of three measurements from the same NPs batch.

UV-VIS Spectrophotometry 
To confirm the formation of G-AgNPs syn-

thesis, a UV-VIS scanning and a double beam 
spectrophotometer (PerkinElmer, lambda 25, UV-
VIS Spectrophotometer, Waltham, MA, USA) 
were employed in the range of 300-600 wavelen-
gths compared with a control solution of AgNO3.

G-AgNPs-EC Morphology
The G-AgNPs-EC were dried overnight on car-

bon-coated copper grids. A transmission electron 
microscope [(TEM), JEM-1230, Jeol, Tokyo, Japan] 
and a scanning electron microscope [(SEM) JEOL 
JFC-1300, Jeol, Tokyo, Japan] were utilized to exa-
mine the morphology of the G-AgNPs-EC19,20. The 
surplus solution was absorbed using filter paper, 
and the copper grids were washed twice in distilled 
water for 3-6 sec. The samples were treated with 
2% aqueous uranyl acetate, dried at room tempe-
rature, and displayed to discover the G-AgNPs-EC 
solutions on the copper grids19.

Formulation of G-AgNPs-EC Cream
Oil-in-Water topical cream was prepared fol-

lowing the method of Logan et al21. The ingre-
dients (stearic acid, potassium hydroxide, glyce-
rin, propylparaben, and methylparaben) were 
gradually mixed before being heated to 67°C. 
To achieve a topical formulation containing 2% 
G-AgNPs-EC, the congealed emulsion was chil-
led to a temperature of 52°C while continuously 
stirring and agitated until it became homogenous.

Characterization of G-AgNPs-EC Cream 
The cream was evaluated for emulsion formula 

according to Dingcong22. 1 g of the created cream 
was mixed with 50 mL of Millipore water at 600 
rpm for 10 min, and the cream solubility in water 
indicates the emulsion type. The visual appearance 
was used to determine the cream’s homogeneity. 
Additionally, a small part of the cream was lightly 
rubbed between the fingertips (thumb and index) to 
evaluate the performance of the newly created cre-
am loaded with G-AgNPs-EC23. A pH meter was 
utilized to determine the cream’s pH value (Ohaus 
Corporation, model: ST300, USA) as described in 
a previously published procedure24.

Clinical Scoring of the G-AgNPs-EC 
Cream Effects on Skin Wound Severity

Photographs from the skin wound of all rats 
were obtained to assess the various stages of 
wound healing at the end of days 4, 10, and 15. 
Then, the scale bar of the Image J software pro-
gram was used to measure the surface area of skin 
wounds to estimate the efficacy of G-AgNPs-EC 
loaded cream for skin wound healing.

Histopathological Investigation 
of G-AgNPs-EC Cream Effects on the 
Activity of Wound Healing 

Skin samples were taken from all groups by a 
skin punch biopsy (0.8 cm2) on days 4, 10, and 
15. The samples were fixed in 10% formalin and 
processed to obtain thin paraffin sections (5 µm) 
stained with H and E. The slides were examined 
under a light microscope for HP research to eva-
luate the parameters of skin wound changes (the 
number of inflammatory cells, the granulation tis-
sue formation score, and the epidermal re-epithe-
lialization score). The scoring system was rated 
from 1 to 4 (1=no change, 2=mild, 3=moderate, 
and 4=severe) following the scoring system of Se-
dighi et al25. 

Statistical Analysis 
The mean (M±SD) of the surface area and pa-

rameters of skin wound healing (number of in-
flammatory cells, amount of granulation tissue 
formation, and the degree of epidermal re-epi-
thelialization) were statistically analyzed by the 
SPSS program version 26 (IBM Corp., Armonk, 
NY, USA). The tested data normality by using 
skewness and Kurtosis tests revealed normal data 
distribution, and One-way ANOVA followed by 
an LSD test was applied to compare the groups. 
The Student’s t-test was applied to compare the 
two groups. p-value ≤ 0.05 is statistically signi-
ficant26.

Results

Characterization of The Topical Cream 
Containing G-AgNPs-EC 

The produced G-AgNPs-EC were measured for 
their size and zeta potential, 183.9±0.854 nm in 
size (Figure 1A) and a charge of -14.0±0.351 mV, 
respectively (Figure 1B). The stability of the cre-
ated dispersion was indicated by a high value for 
the zeta potential. It was clear from the UV-VIS 
spectra that AgNPs showed a strong absorption of 
electromagnetic waves in the visible region due 
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to the effects of surface Plasmon resonance. The 
UV-spectroscopy recorded a maximum wavelen-
gth of 381 nm for G-AgNPs-EC, indicating the 
successful preparation of the G-AgNPs-EC27. 
The current study showed the ability of ECs to 
coat NPs, preventing their aggregation and incre-
asing their physical stability28.

AgNPs were visible in the UV-VIS spectra 
owing to the surface Plasmon resonance phe-
nomenon, which absorbed the electromagne-
tic radiation in the visible range (Figure 2). The 
G-AgNPs-EC had a maximum UV-spectroscopy 
wavelength of 381 nm. 

The SEM and TEM revealed that the G-A-
gNPs-EC particles’ morphology showed that the 
G-AgNPs-EC are non-aggregated and spherical. 
The images of G-AgNPs-EC are demonstrated in 
Figure 3. Average sizes of G-AgNPs-EC were less 
than 100 nm but showed as spots as shown in the 
TEM image (Figure 3A). G-AgNPs-EC showed a 
fiber-like structure due to the nature of EC. Fur-
thermore, the SEM image showed nanostructured 

particles (Figure 3B). After that, the metallic ca-
tions appeared consistently in the form of AgNPs29. 
The mobility of metallic cations would diminish 
due to these interactions, which would also stop 
the formation of oversized particles and stabilize 
metallic nanoparticles28.

The base cream was white with a shiny pe-
arly look, was not greasy, and was easily rinsed 
with water. Further, upon rubbing, the cream was 
miscible with water and quickly absorbed by the 
skin, while the cream containing G-AgNPs-EC 
as an active ingredient was black-brown, had a 
moderate natural shine, and was very smooth. 
Additionally, all particles of the G-AgNPs-EC 
were dispersed entirely and distributed in one 
phase within the cream. At the same time, they 
gradually faded away through the skin layers and 
improved their appearance. Furthermore, the va-
nishing cream was mixed with 20 ml of water, 
homogeneously stirred for 10 min, and appeared 
as one phase without separation, confirming that 
the cream was O/W.

Figure 1. Size distributions (A) and zeta-potentials (B) for green synthesized silver nanoparticles reduced with ethylcellulose 
(G-AgNPs-EC).

A

B
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On the other hand, the studied pH, viscosi-
ty, and homogeneity of the G-AgNPs-EC cream 
exhibited that the pH of the cream base and the 
G-AgNPs-EC cream were 6.1±0.21 and 5.8±0.34, 
respectively (Table I). The base and G-AGNPs-EC 
cream showed pH values comparable to the skin 
values indicating that these compositions are sui-
table for use on human skin. Moreover, the G-A-
gNPs-EC creams had a higher viscosity than the 
vanishing creams base, which showed a viscosity 
of 981±130 and 977±120 for the base and G-A-
gNPs-EC creams, respectively (Table I). 

Clinical Evaluation of the Skin Wound’s 
Severity on Days 4, 10, and 15

Figure 4 shows the surface areas of skin 
wounds measured after receiving vaseline or 
G-AgNPs-EC cream on days 4, 10, and 15. The 
wound healing activity in the subgroups of G-A-
gNPs-EC cream (GC1, 2, and 3) was statistical-

ly significant compared to the sham subgroups 
(GB1, 2, and 3). The wounds that received the 
G-AgNPs-EC cream on day 4 (the GC1 subgroup) 
showed mild reductions in the wound surface are-
as (49.00±2.449 mm2) compared to the wounds’ 
surface areas (58.80±1.304 mm2) that received 
vaseline on the same day (GB1 subgroup). In con-
trast, the GC2 and 3 subgroups showed significant 
reductions in the wounds’ surface areas on days 
10 (27.80±2.588 mm2) and 15 (9.00±1.225 mm2) 
compared to the GB2 (50.60±1.140 mm2) and GB3 
(30.80±2.387 mm2) subgroups, respectively, indi-
cating the powerful healing ability of the G-A-
gNPs-EC cream on the same days. 

Histopathological Scoring of the Wound 
Lesions on Days 4, 10, and 15 

As depicted in Figure 5, the control subgroups 
(GA1, 2, 3) on days 4, 10, and 15 revealed standard 
skin structure, while the sham subgroups (GB1) 

Figure 2. UV-VIS spectra for G-AgNPs-EC.

Table I. Formulation and characterization of the G-AgNPs-EC cream. 

Homogeneity Viscosity (cPs) pH Formula

Good 981±130 6.1±0.21 Base cream
Very good 977±120 5.8±0.34 G-AgNPs-EC cream

G-AgNPs-EC: silver nanoparticles-ethylcellulose.
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exhibited wound gaps, partially filled dermis with 
necrotic tissue, exudate and inflammatory cells on 
day 4. In contrast, the sham subgroup on day 10 
(GB2) showed a crust covering the wound with in-
tense inflammatory cells and hemorrhagic wound 

granulation tissue, while the sham subgroup on 
day 15 (GB3) showed mild inflammation and he-
morrhagic injury granulation tissue and epider-
mal re-epithelialization. At the same time, the 
G-AgNPs-EC subgroups revealed improvement 

Figure 3. Image of AgNPs-EC using the TEM (A) and Image of AgNPs-EC using the SEM (B).

Figure 4. Skin photographs representing all groups, showing the average surface areas of skin wounds on days 4, 10, and 
15. Data are expressed as mean±SD in the histogram (H). *G2C reveals a significant difference vs. G2A and G2B (p ≤ 0.05).
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in the scores of wound healing signs (minimal in-
flammatory cells infiltration and new granulation 
tissue formation) in the GC2 subgroup compared 
to the GB2 subgroup on day 10 and a significant 
increase in the scores of granulation tissue forma-
tion and epidermal re-epithelialization in the GC3 
subgroup that displayed high reepithelization sco-
res compared to the GB3 subgroup on day 15. 
Additionally, statistical analysis of the wounds’ 
healing scores (H) showed a significant decrease 
in the inflammatory cells infiltration scores of the 
GC2 subgroup compared to the GB2 subgroup on 
day 10 and a substantial increase in the granula-
tion tissue formation and epidermal re-epitheliali-
zation scores among the GC3 subgroup compared 
to the GB3 subgroup on day 15.

Discussion

Plant extracts have been considered safe and 
nontoxic nanoparticles, whereas green synthesis 
provides numerous advantages over conventional 

physical and chemical processes regarding econo-
mic and environmental aspects. Besides, the EC is 
a non-toxic, eco-friendly reagent which could be 
used to synthesize G-AgNPs30,31. Our previous15 
research demonstrated the adaptability and useful-
ness of cellulosic polymers for the practical syn-
thesis of G-AgNPs. In terms of superior physical 
stability, size and charge were considered factors 
affecting the stability of the formed AgNPs. The 
obtained AgNPs were of uniform size and stable 
charges (i.e., the particles of higher charge and 
small size, the greater stability of its complexes)43. 
EC showed excellent results for incredible antioxi-
dant and antibacterial activity15. Therefore, the EC 
was mainly selected for the current study. The G-A-
gNPs-EC was synthesized by reducing silver nitra-
te with ethylcellulose, which works as a reducing 
agent and stabilizing component for the G-AgNPs 
synthesis with low aggregations15,32. Ethylcellulose 
has a reduction power which is the hydroxyl groups 
that can reduce silver nitrate into AgNPs-EC. The 
negatively charged EC attaches the positively char-
ged Ag cations to polymeric chains and reduces the 

Figure 5. The wound healing scores (the numbers of inflammatory cells, granulation tissue formation, and epidermal re-epi-
thelialization) of all groups on days 4, 10, and 15. The magnification power of G1A, G1B, G2A, G3A, and G3B is 100X and the 
scale bar is 100 mm, while they are 200X and 50 mm in G1C, G2B, and G2C. Data are expressed as mean±SD in the histogram 
(H). *G2C reveals a significant difference vs. G2A and G2B (p ≤ 0.05).
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excited facilitating groups. Therefore, the physical 
results of the G-AgNPs-EC cream agreed with the 
previously reported results by Abdellatif et al33 
and Santini et al34. 

In the current study, synthesizing the G-A-
gNPs-EC cream involves two steps: atom cre-
ation and polymerization35,36. The determined 
size by the TEM was noticeably smaller than that 
measured by the Zetasizer Nano approach (Dy-
namic light scattering-based techniques – DLS), 
and this behavior has been observed by numerous 
researchers19,37,38. Generally, the TEM pictures 
reflect the metallic center of particles, as TEM 
demonstrated only the metal core of the NPs39. 
Furthermore, the DLS-based measurement relies 
on the mean hydrodynamic diameter and tiny ag-
gregates in nano-suspension, affecting the size 
and distribution of the G-AgNPs-EC15. The re-
sults of both TEM and SEM confirmed the DLS 
results of the NP size (39.36 nm), which was smal-
ler than the DLS, and are consistent with those 
observed by the DLS and SEM19,40,41. Besides, the 
observed wavelengths show that the AgNPs have 
been successfully prepared27. A single absorption 
peak for G-AgNPs-EC preparation revealed that 
the AgNPs had a symmetrical shape42.

Like our previous work43, the present work 
proved the safety and nontoxicity of the G-A-
gNPs-EC concentration in normal cells. These re-
sults are in accordance with the results of Fehaid 
and Taniguchi44. They mentioned that the broad 
width of nanoparticles makes them nontoxic com-
pared to normal cells as the G-AgNP size quickly 
ionized the 10 nm particles, releasing cell-toxic 
Ag+, and reducing cytotoxicity. Endocytosis can 
be used for intracellular absorption of 150 nm 
particles and when they are stored in endosomes, 
they are not easily ionized and have minimal 
cytotoxic effects.

The creams were homogeneous, consistent, 
without gritty particles, and free of particle de-
bris upon visual examination. Besides, the cur-
rent study data revealed a uniform, smooth cream 
without visible particles indicating the efficient 
degree of cream penetration and suggesting the 
improvement of skin diseases in short periods by 
topical application of G-AgNPs-EC cream. Si-
milarly, adding NPs containing antioxidants can 
improve the skin’s smoothness, barrier function, 
and appearance45. Additionally, the obtained pH, 
homogeneity, and viscosity results of the current 
study proved the suitability of G-AgNPs-EC for-
mulations for topical and transdermal delivery, 
which agreed with the reported data by Abdellatif 

and Tawfeek46, which suggests the valuable role 
of G-AgNPs-EC topical therapy for the treatment 
of numerous skin disorders. 

At the same time, the HP results of the cur-
rent study exhibited that the surface areas of skin 
wounds in GC1, 2, and 3 subgroups (topically 
received G-AgNPs-EC cream) showed signifi-
cant reductions compared to the wounds’ surfa-
ce areas of the sham subgroups (GB1, 2, and 3), 
which typically received vaseline on days 4, 10 
and 15, indicating the powerful healing ability 
of the G-AgNPs-EC cream for various stages of 
skin wounds. Additionally, the G-AgNPs-EC sub-
groups revealed noticeable improvement in the 
wound healing scores (reduction of inflammatory 
cells infiltration, increase of granulation tissue 
formation, and increase of epidermal re-epithelia-
lization) in the GC1, 2, and 3 subgroups compared 
to the GB1, 2, and 3 subgroups on days 4, 10 and 
15, displaying the adequate healing power of the 
G-AgNPs-EC cream on skin wounds.

The obtained HP results have agreed with the 
findings of many researchers43,47,48 who mentio-
ned that the generation of reactive oxygen species 
(ROS) could provoke the antibacterial activity of 
capped AgNPs. Furthermore, the mannan sulfa-
te-capped AgNPs downregulate TNF-α and IL-6 
expression and production in the albino rats, indi-
cating the anti-inflammatory activity of AgNPs.

Conclusions

Using cellulosic polymers in a straightforward 
process produced stable non-aggregated G-A-
gNPs-EC formulations due to their effective coa-
ting by UV-VIS absorption spectra. Furthermore, 
the geometric nanoparticle size and the zeta po-
tential were enough to stabilize the incorporated 
G-AgNPs-EC cream (in vanishing oil in water) 
with a homogenous compatible cream for easy ap-
plication on the rat’s skin wounds. Additionally, 
the formulated G-AgNPs-EC revealed a promi-
sing activity of skin wound healing with minimal 
inflammatory cells infiltration, mature collagen 
fibers formation, and complete skin wound re-e-
pithelialization. Consequently, the current study 
revealed that G-AgNPs-EC could be considered a 
novel wound-healing product, which has a power-
ful implication for wound healing treatment.
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