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Abstract

BACKGROUND: Nanoparticles are utilized in various technological fields, inchﬁing medicine,

due to their inherent antibacterial properties. Recent research has focused on the biosynthesis of

copper nanoparticles (CuNPs) and their potential medical applications. ®
OBJECTIVE This study aimed to use Rhazya stricta for the green NC&NPS and
assess their effectiveness in eradicating bacterial pathogens pa?ticularly . aureus, and

o .
promoting wound healing in rabbits. D

MATERIAL AND METHODS The synthesized na&particles\were characterized using UV-
visible spectroscopy, scanning electron microscopy , Energ’ Dispersive Spectroscopy
(EDS), X-ray diffraction (XRD), atomic force mi (ARM), and Zeta potential analysis.
Fifteen rabbits were divided into three g ﬁze Full-thickness costo-abdominal skin
wounds were created on the right side o ach bb1 e first group served as the untreated
control, the second group was treated w C1§Ps and the third group received fusidic acid
treatment.

RESULTS: R. stricta extrac successf synthesmed CuNPs. The application of CuNPs on S.
aureus-contaminated *how& faster healing than fusidic acid treatment. The CuNPs
group healed in 16 daydv‘h therfusidic acid group healed in 22 days. CuNPs-treated wounds
had significantly re ced wound area, total cell count, neutrophil count, macrophage count, and
lymphocyte @) along with increased wound contracture (P<0.05). Bacterial counts
in cated $ radicated S. aureus infections in 7 days, compared to 12 days for fusidic

duced inflammation and promoted collagen fiber deposition, leading to better

healing of S#aureus-infected wounds by decreasing hemorrhagic regions and inflammatory cells.
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Conclusion: CuNPs synthesized using R. stricta show promising potential as a safe and effective
treatment for infected wounds. They effectively eradicate infections and promote &ﬁcient wound
healing, making them a viable therapeutic option for managing infected wounds.

Keywords: Rhazya stricta, Copper nanoparticles, Staphylococcus auremin wounds,

Histopathology, Rabbits. \\ y
Introduction o \

The process of wound healing is a multifaceted and %Qtrlcate reaction that involves
various stages, such as platelet accumulation, coagu 1nﬂanﬁ1at0ry response to injury,
modification of the underlying materials, angio§ and te-epithelization (Huimin et al.,

e

2023). The presence of pathogens in a wou de the healing process and increase the

risk of sepsis, a serious medical conditio ds provide an optimal environment for
the development of mature biofilms \K offer bacteria protection against the impact of
antibiotics and the body's i 1mmun$ ‘Ra dan et al., 2022; Bustani and Kashef Alghetaa,
2024).

The bacterium Sé!) COC\ aureus, commonly referred to as S. aureus, has been
nt N

recognized as a promi ical agent responsible for wound infections. This pathogen

possesses the capa ty to“aequire resistance to multiple antibiotics, thereby exacerbating the

challenge of effe M‘ung chronic infections (Foroutan et al., 2022; Pal et al., 2023).
X{z atiom of nanotechnology in the field of medicine is increasingly prevalent,

leading, to 1t¥;pplicati0n in addressing the challenge of antibiotic resistance. Bioactive

nanoparticlés”(NPs) are a prominent category of nanomaterials that are being explored for
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potential clinical applications. These NPs possess several advantageous characteristics, including
cost-effectiveness, a significant surface -to- volume ratio, exceptional stability, ﬁd a high level
of safety (Samuel et al., 2022; Hossieni et al., 2024).
Copper nanoparticles (CuNPs) have garnered significant attention dlmhmr diverse
range of applications, including their use as antibacterial and antifungal!xgﬁ\wal as their
$,0f b1

antioxidant properties and ability to prevent biofilm formation in the fiel technology and
bioengineering (Zhang et al., 2022). The CuNPs car@yﬁh izeﬂhrough diverse
methodologies, encompassing physical, chemical, qand biol&gical e%)roaches. Biological
environmentally friendly approaches are preferred o ternative methods (Hasanin et al.,
2021). N

The selection of plant materials forgbiosynthésis is based on the presence of reducing
agents such as ascorbic acid and phenolic com ounMich have been identified as potentially
important factors in the synthesis of metal nanoparticles (Islam et al., 2022). Existing literature
indicates that R. stricta exhibits gnificant abundance of diverse phytoconstituents,
encompassing flavonoids, ster(ﬁds, tanhi s,'saponins, glycosides, terpenoids, coumarins, and
beta-cyanins. The literature® has Numented that these phytoconstituents exhibit diverse
pharmacological activities, 1 U&Ig antioxidant, anti-inflammatory, and anti-cancer properties
(Rahman et al., 202?;‘ Rahchal‘nani et al., 2024).

Numerous tWonducted in recent years have established the efficacy of CuNPs as
agents &d&ing, offering a protective barrier against infections. CuNPs have been

obsewo iiuce angiogenesis, the process of new blood vessel formation, at the site of the

wound. Invaddition to this, CuNPs also induce the upregulation of vascular endothelial growth



factor (VEGF), which promotes the transportation of various nutrients and the formation of
collagen, both of which are essential for wound healing (Gaddafi et al., 2023;Qasayan et al.,
2023).

The primary objective of this study was to investigate the effects of (m synthesized

by R. stricta on surgically induced full thickness skin wounds in rabbit?“nﬁntionally
infected with S. aureus. &

Material and methods o A \ -
NS

Study Design N

The study was conducted in two distinct phases. The initial phase focused on the biosynthesis of
CuNPs using R. stricta. In the subsequent phasw was isolated from contaminated
wounds of dogs. Following this, skin wounds on WWGTC infected with staphylococci and
subsequently treated with CuNPs. The animal's Mr was not considered in this investigation
because the medication was applied a dhe skin, and there was no observed difference

in skin healing between males agd&e es.
The current study PsC‘rie out in accordance with the guidelines set forth by the Animal

Ethics Committee oﬁlthe Facu’lty of Veterinary Medicine at the University of Kufa, adhering to
in the granted license (Approval no. 16881 dated 12/7/2023).

Ethical Approval

the regulations out
P

r ction of CulNPs
Plant ection.



In this study, the researchers collected the leaves and stem of R. stricta from the arid region of
Al-Najaf in Iraq. The specimen was collected and verified at the Herbal Centg for scientific
authentication, located within the Department of Physiology and Pharmacology atwaculty of
Pharmacy, University of Kufa, Iraq. h &
Plant Extraction. " NS

The leaves of R. stricta were collected and subjected to two round§’of washing with distilled
water to remove any dust particles. Subsequently, the leave@aiﬁh’ed in the shade at room
temperature. The dried leaves, weighing 25 grams, ‘ere fraglgented §d introduced into an
Erlenmeyer flask containing 250 milliliters of sterile di water. The flask was subjected to a
temperature of 90 °C in a water bath (Gallen ngland) for 45 minutes. In order to
generate the aqueous plant extracts, the extr unde ent filtration using Whatman No. 1 filter

In order to ensure the absence of contammation in the prepared extracts, a volume of 0.1 ml of

paper and subsequent centrifugation at a Si f 3(M1 for 10 minutes (Awwad et al., 2013).
the plant extract was acquired and }C\Qd on‘nutrient agar. Subsequently, the agar plates were
incubated at a temperature of 37°°C for h(llI‘S.

Biosynthesis of CuNPs \

Following the ﬁlwc( mentioned above process, 25 ml of each aqueous extract was
individually introdueed into a 250 ml Erlenmeyer flask containing 100 ml of a 0.01M CuSO4
solutio Thk:q Mddition was carried out for 10-15 minutes. The flask's contents were
ag e(hm

temperature o

a magnetic stirrer operating at a rotational speed of 150 rpm and maintained at a
gb;o °C. The CuNPs production process was deemed complete when a transition in

color occurred, shifting from a light-yellow hue to a dark green shade. This change was

6



attributed to the surface Plasmon resonance phenomenon, which resulted in a peak at the
wavelength range of 550-600 nm as observed using a UV-visible spectrophotomeer (Shimadzu;
Japan). Following this, the sample was subjected to centrifugation at a speed of 6 m for 15
minutes. The resulting supernatant was then discarded and replaced with med distilled
water. Subsequently, the sample was centrifuged three additional timesr We speed and
duration to ensure the complete removal of any remaining supernatadt. The resulting pellet was
then stored overnight in a hot air oven maintained at a@a‘[u e{f 60°C. This process

ultimately yielded nanoparticle powder, as described byy(Rani et Kl., 2020).

Characterization of CuNPs
O
The characterization of the samples waﬁn uc using UV-visible spectroscopy. The
achievement was accomplished through the cv uatk&the UV-visible spectra of the reaction
mixture, which underwent periodic dilut w?\ionized distillation water (Caroling et al.,
2013).
. p ) . . . .

The shape and size of the nanOparticles,were determined using scanning electron microscopy
(SEM) (FEI; Netherland). T -raforaction (XRD) (Broker; Germany) is a widely employed
technique for the examinati Nlolecular and crystal morphologies, qualitative identification
of chemicals, quantﬁlve determma‘uon of chemical species, assessment of crystallinity, analysis

The pres

of isomorpho repths and measurement of particle sizes (W. Zhang et al., 2017).
{nan artlcles in a point analysis was determined using energy-dispersive X-ray

spectrescopy iDS) as described by (Caroling et al., 2013). The study conducted by (Vinelli et

al., 2008)%examined the dispersion and aggregation of nanomaterials, as well as their size and



form, through the utilization of atomic force microscopy (AFM). The stability of the produced
nanoparticles was assessed using a Zeta potential analyzer (Brookhaven; USA), %ich measured
the zeta potential values ranging from -160 mV to +160 mV. The obtained &was then
visualized in graphical form (Raja et al., 2017).

Experimental study ‘ \\ 4
@

Laborato

ry animal initialization o N o

Fifteen adult domestic rabbits of both sexes (11 mal@d 4 fe%ﬂe) aged 810 weeks with an

average body weight of 1,800 g + 20 g were fed comm ellets‘and grass for 7 days prior to

the start of the experiment for acclimatization, was ﬁQnducted from August 2023 to

October 2023 in the animal house of the ty offVeterinary medicine at the University of

Kufa, Iraq. The animals were randomly divi xntoMqual groups (n = 15).

Anesthesia and wounding

The rabbits were anesthetized intra%larly‘&sing a Ketamine-Xylazine-saline solution that
)and 2 mg/kg of Xylazine (Belgium)(Cardoso et al.,

2020). In brief, rabbit halr ed and the exposed skin was cleaned with 70% ethanol
(APCO; Jordan). 1 ¢ \] r full thickness skin incisions were made on the rabbit's
thoracoabdominal 1gure 1). The exposed wounds received no dressings throughout the

experlment W019)

\)

contained 40 mg/kg of Ketamire (H



Figure 1: A rabbit with incisions on 1t

Preparation of bacteria

In the Al-Najaf Teaching Veterin Qcal *ureus was isolated from contaminated wounds
eux;

of dogs. The VITEK-2 ( ce) compact automated system was utilized for
bacterial identification m testing based on the MIC technique determination.
Depending on VITEK co ystem Antibiotic Susceptibility Test (AST) was it turns out
that isolated bact ia resistant to many classes of antibiotic e.g., benzylpenicillin, oxacillin,
Tobramycin v, Clindamycin, Vancomycin and Tetracycline. Fusidic acid was
se ct;&to e reduced susceptibility of the S. aureus isolate to other antibiotics.

roorganisms were cultivated in Muller-Hinton broth. After undergoing centrifugation at

a speed of 1,000 rpm for 15 minutes, the bacteria were diluted in sterile phosphate-buffered
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saline to achieve a concentration of 1x10® CFU/ml. Following wound surgery, 100 microliters of

bacterial suspension were topically applied to each wound bed (Tanideh et al., 20@).

Experimental Treatments

As mentioned earlier, the rabbits were divided into three distinct groups. There@‘ﬁve animals

in each group, and each group administered the prescribed medication g:,/ Mlbjequent to
ing manner:

the initiation of infection. All three animal groups were treated in the foll

\
1. Control group: non-treated. ( \

2. CuNPs- treated group: treated with 0.2% CuNPs oiatment @plied daily for 5 days on the

affected skin. v

3. Fusidic acid - treated group: treated with 2% Fu 'ﬂ?ment applied daily for 5 days on
the affected skin.

Data Collection Q‘\V

Documentation of wound healing ti J

The duration of wound healing wa eas’red from the moment of wound induction to re-

epithelialization. The obser%:ns Qe randomly estimated at intervals of 7, 14, 21, and 28
y\w)ea ed (Mirnezami et al., 2018).

until the scar had comp

Determination of lﬁling rate

At 7-day intervals, tw of healing for each treatment group was assessed. It was determined
the, highest average wound margin distance from the wound's center by the time

by dinN

requ for \‘und closure. The following formula was used to determine the weekly healing

rate:
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Wound Closure (%) = [(Area of the wound on day 0 (mm)-— area of the wound on indicated day)
(mm)] /Area of the wound on day 0 (mm) %100 (Sato et al., 2015). @
Identification of WBC count

The WBC count was conducted using the Vet. Scan HM5 hematology equiprmanufw:tured

by ABAXIS Company. The WBC was assessed on a weekly basis for evet' \Mt group.
&

Histopathological Evaluation )| el

On days 3, 7, 14, and 21 of the experiment, a histological test'was /done \discriminate between
these groups by taking 5 mm of the healing regions. memight,\he skin slices were fixed in a
10% formalin (BDH; England) solution (pH 7.4).[ Theyy were ’hen processed through a
succession of alcohol and xylene grades. Followi@t, tissues were immersed in paraffin
wax at 65°C. Tissue blocks were cut into 5 Mhi slicgs, stained with hematoxylin and eosin
(H&E), and examined under a light micro@e (Wousaw et al., 2020; Diniz et al., 2020).

Statistical analysis > J
{ 9
Data were investigated usiriPSS version 26. The results were presented as mean + standard
errors (SE), and a P QOS as considered statistically significant. The data were
statistically analyze*]s t&ne-way ANOVA.
-

Results v
\

Co ek-o article biosynthesis
lowi)g a 24-hour incubation period, a discernible alteration in color was observed,

signifying the occurrence of nanoparticle formation within the reaction mixture. The alteration in
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color of the medium was observed as a transition from a yellow hue to a reddish-brown shade

upon the introduction of the plant extracts and CuSO4 reaction mixture, conducted under

conditions of darkness (figure 2).

Figure 2: Vi zation,of the green synthesis of CuNPs. (A) before incubation; (B)
a solution ing"CulNPs after incubation.

Chara ization of CuNPs

UV- Visible Spectroscopy
12



The confirmation of nanoparticle biosynthesis can be achieved through visual observation
and the measurement of the surface plasmon resonance (SPR) band using UV-Vgspectroscopy.
According to (Badri et al., 2021), the presence of a solitary SPR band sug that the
nanoparticles possess a spherical morphology. The UV-Visible spectrogranhllustﬁted in
Figure 3, demonstrates the successful synthesis of CuNPs and the pres 0\& distinctive
surface plasmonic resonance peak at a wavelength of 570 nm.

. ' .—1\

asob

29 00 o000 803 00 w—sge s

Wavelength (nm)

A
Figure (3): UV-visible specgrqbs alialysis of CuNPs synthesis by Rhazya stricta

Scanning Electron MIG%IQQ) Analysis

The SEM was empleyed to validate the morphology and dimensions of the biogenic

nanoparticleﬁim\’wbi et al., 2021). This study examines the distribution and morphology
p

of _bioge articles (NPs) synthesized by Rhazya stricta. The CuNPs, which are
spherieally sh ed,\exhibit a well-dispersed nature. The average size of these CuNPs is measured

to be 15.75mm (figure 4).
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Figure (4): SEM Analysis of NPs s&hazya stricta taken at different
scales.

The SEM images of % ibited an irregular, diminutive spherical morphology.
This finding is consiste i observations reported by (Zhao et al., 2022).
Energy Dispersive(Spec (EDS) Analysis
e

chaiique, specifically point and mapping analysis, was employed to

quantitati assess the presence of NPs by examining the optical absorption peaks of various
elements, The elemental analysis of CuNPs synthesized by R. stricta revealed the composition of

constituent elements, as depicted in Figure 5.
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Figure (5): EDS Analysis of biogeni argn»lcles synthesized by R. stricta

The analysis of EDS speccf was conducted on CuNPs synthesized using R. stricta,
f ele

thereby validating the existe e 'al copper through the observed signals. The EDS
spectrum exhibited a discerni emttrlbuted to the absorption of copper nano crystallites that
correspond to SPR o‘t\v component was copper, and additional elements, such as

oxygen and carbon were comsidered (Bukhari et al., 2021).

Atomic &lc\ope (AFM)

(Broker Germany) imaging technique was employed to analyze the synthesis
of CuNPs using R. stricta. The reported morphology of CuNPs was found to be influenced by the
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shape of the probe, specifically in relation to its lateral dimensions. The height measurements

possess the capability to accurately and precisely determine the elevation of nanoparticles. The

CuNPs biosynthesized from R. stricta exhibited an average diameter of 42.21 nm n average

roughness of 11.18 nm (figure 6).

X

Figure (6) AFM analysis shows ‘three- nsion images, and topography of
biogenic CuNPs synthesis by i

X-Ray Diffraction (XRD) Analysis

The XRD analysi aled that the average crystallite size of CuNPs synthesized using R.
stricta was deteerd to be™5.95 nm (figure 7).
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Figure (7) XRD pattern and quan%\%ms of the sample CuNPs as

synthesized by R. stricta. (

Zeta potential of CUNPs

zeta potential is consi portant indicator for the stability of a colloid, since the

As shown in Fig tial of the synthesized CuNPs was 42 mV. In this regard,
magnitude of the zeta potential expresses the extent of the electrostatic repulsion between the
M that colloid. The value of 42 mV indicates that the prepared

good stability (Mali et al., 2020).

same speci

nanoparti
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Zeta Potential Distribution
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Figure 8. Zeta potential of the synthesized CuNPs at42 mV.
, ‘
Wound Healing Rate (%)
f N\
During the first to the fourth week of the research period, the healing rate of the wounded
| 4 W -

rabbits with S. aureus increased %radually (P<0.05). It varied significantly across the

@
experimental treatments (Table 1).

NN\

Table 1: The effects of CuNPs zgld Fusidic acid on the rate of wound healing (percent) of

rabbits weekly.

Treatment gupsrls‘ week 2" week 34 week 4th week

Group\ (cor%rol) 31.00+1.68Dc || 45.75+0.95Cc || 63.00+£1.97Bc 76.50+2.82Ac¢

18



(No.5) -

CuNPs-treated

group (No.5) 52.25+1.59Da || 74.00+1.87Ca || 90.50+0.74Ba IOﬁI.LIA‘a

Fusidic acid-treated P ' i =
33.50+1.42Db || 53.25+3.45Cb . ) %012.31Ab

group (No.5) 69596}?)

The differences in capital letters horizontally refer to the mean ex&ence of significant values at (P<0.05).
The differences in small letters vertically refer to the mean existence of significant "alues at (P<0.05).

Small litters indicated that: Means within the same w arlhg different litters are
significantly different at (P < 0.05). %  J

The highest rate of healing was seen in the CuNPs-treated group (100.75+1.41), followed
by the Fusidic acid (Xa-Bc-Biotech; 'Chin‘a‘) - treg[e‘;d- group (91.50+2.31). For the duration of the
study, treatment CuNPs perfornzed the best in terms of healing rate (1% week to 4™ week). These

h - 4
findings suggest that copper nanoparticles expedite the healing of wounds.

Healing Time ( \ N

Throughout the study period, Table (2) displayed the healing time needs (in days) of the

various treatments. The ﬁndlngs from the study revealed a statistically significant difference
@

between experimental treatments (P<0.05). During the course of treatment, no adverse effects

wereNin t&ms of the animal's body weight, overall health, or behavior.
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Table 2: The effects of CuNPs and Fusidic acid on the rabbit's wound healing time at 4t

week. t

Treatment groups Healing time

Group (control) (No. 5)

CuNPs-treated group (No. 5)

Fusidic acid -treated group (No. 5) 22.255).75]3

The differences in capital letters vertically refer to the mean ificant values at (P <0.05).

Figure (9) shows images of the groups iMwounds treated with CuNPs for 0, 7,
14, and 21 days. Significantly, after 7 da Qea ent, CuNPs successfully reduced the size
. Re-

and inflammation of the 1nfecte thelialization is vital in wound healing as the

skin performs a significant b nc ﬂ protecting the body against pathogens (Zou et al.,
2021). {




Figure 9 : (A) Digital images of wound healing taken on various days (0, 7, 14, and
21).

After 3 and 7 days, the untreated, infected wounds of the control@s\ Sﬁlayed
significant inflammation (figure 10). ‘ \’
f\

Figure 10: Wounds infected in the ¢ M

Hematological analysis
The WBC count of the CA%G tments studied was significantly affected by the
ho

experimental groups (P<0. 0 Table 3. The present study demonstrated that the

WBC count was consi \e d in the non-treated/control group (at 0 and 28 days)
compared to the treate rouh\le rtheless, the treated group rebounded at 14-, 21-, and 28-day
intervals, with the ﬁly intétval showing the greatest increase.

Capital%P iKM: Means within the same row bearing different litters are significantly
5)

different a

Q
itters 1)1cated that: Means within the same column bearing different litters are
ifferent at (P < 0.05).
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Table 3: The effects of CulNPs and Fusidic acid on the Total number of white blood cells

(cells/pl) in rabbits at weekly intervals. ¢

Treatment K\
0 days 15t week 2" week 3 week 4th week
groups |

1
Group A ‘: E

6700+40.86 || 10775+46.46 || 1100+45.49 Wskoz M700+43.69
Ba

(control)
(No. 5) Ea Da Ca W Aa
D
CuNPs-
treated group 5800+46.26 || 9000+39.02 8200@ 7400+49.27 || 6000+39.46
(No. 5) Da Ac 0 ch Cb Db
Fusidic acid )\

treated N

) 6100+45.26 || 10300+ 1}119500+47.37 || 7600+34.26 6300+41.48
rou
SIotP Da A\ Bb Cb Db

(No. 5) ( N

The differences in capital letters horizontally refer to the mean existence of significant values at (P<0.05).
The differenceTmall Wertically refer to the mean existence of significant values at (P <0.05).

X

Ba&cour‘s

22



All of the treatment groups that received either CuNPs or Fusidic acid were shown to
inhibit the development of the bacteria S. aureus successfully. The results indiceﬁ: that CuNPs-
treated group could eradicate all bacterial cell-infected wounds in 7 days, wherea idic acid-

treated group could eradicate all bacterial cell-infected wounds in 12 days (Table 4), This

confirmed that CuNPs are a more effective antibacterial agent. ‘ \\ /
Table 4: Bacterial Count Prior to and Following Treatment. é
o -
acteriaﬁ
Treatment| Day >
count

Groups

> 1.4x1010

L

(,%@m N CFU

I (No. 5)

\‘t i | cru
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=

6x10°
9
CFU
4.2 105r
3
| Cev
CuNPs-treated 7 GFU
group *
(No. 5) 9 qL'0 CFU
+\¢ = | ocru
ANQ
( \\ 14 0 CFU
Fusi/dic acid- 62 X 105
treated group (No. 3
5) CFU
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51105 | ¢
7 CFU (s\
41100 N\
9 | sl?\U\\,..
2 _INO'€FU
g"‘q-'o CFU

differences (P<0.001) on days 3, 7,9, 12, and 14

* Analysis reveals statistically sign

between the CulNPs, Fusidic acid an ntrol groups.

Histological examipti( \
ij SWS of healing wounds from the control group, the group treated with
\1 th

Fusidic roup treated with CuNPs on various days are presented in the following.
\mlnatl was conducted using H&E stain at a magnification of 400x.
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On the third day in the control group, it was observed that there was a loss of normal skin
architecture with the absence of the epidermis. Also, the gap was filled with granulation tissue

formation, accompanied by the infiltration of inflammatory cells. The sections th re stained

in fusidic acid-treated wounds exhibited a greater infiltration of inflamma

26
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Figure 11 —B : Histopathological characteristics aneous wounds on day 3 fusidic acid-

treated groups exhibited a greater infiltra 0 matory cells and the deposition of
edematous material, with a limited presen‘ of fib sts.



groups .exhibited a lower level of infla cell infiltration in comparison to the group

Figure 11 —C : Histopathological character&(%@us wounds on day 3 CuNPs-treated
ato

treated with Fusidic acid

On the seventh day, th, un ions of the control group exhibited a notable presence
of inflammatory cells, suggesting the inflammatory response remained uncontrolled. This
could be attributed to the 0

% served in the group that received treatment with Fusidic acid,

ied by an increase in fibroblast proliferation. The experimental group that

tibacterial efficacy in the treatments administered. A notable

inflammatory response

received “Cu ibited a mild inflammatory response, which was accompanied by an

augmented proliferation of fibroblasts (figure 12).
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Figure 12 —A : Histopathological
untreated, Fibroblast (Black arrow); bl

x@z |

arrow)
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Figure 12 —B : Histopathological characteristics of cutaneous wounds on day 7 in

Fusidic Acid-treated groups

isto }ological characteristics of cutaneous wounds on day 7 in

th nN, the control group exhibited a substantial presence of inflammatory cells
and unh d\ound. The observations within the group administered with Fusidic acid

demons semblances to those within the control group. On the other hand, the group

30



subjected to CuNPs demonstrated noteworthy fibroblast proliferation and the formation of well-

organized blood vessels, concomitant with collagen deposition (figure 13).
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Figure 13 -A : Histopathologica‘chara feristics of cutaneous wounds on day 10 in

untreated groups %
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t@o cutaneous wounds on day 10 in

Figure 13 —B : Histopathological

fusidic acid groups
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Figure 13 —C : Histopathol utaneous wounds on day 10 in

CuNPs-treated groups

On the fourteenth , control group demonstrated a significant presence of
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collagen fibers in the group subjected to CuNPs treatment, which exhibited a significantly higher

degree of organization in comparison to the remaining groups (figure 14). \
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Figure 14 —A : Histopathologica Msflcs of cutaneous wounds on day 14 in
untreated groups.
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Figure 14 —B : Histopathological characteristics of cutaneous wounds on day 14 in

fusidic acid, treated groups.

e
i S
e S S
Figure 14 —C : Histopathological’ charaecteristics of cutaneous wounds on day 14 in

CuNPs-treated groups.
Discussion \%

The process of ling poses a significant challenge to researchers in the field.

The process of w commences with an initial inflammatory response, which is
¢ proliferation and migration of dermal and epidermal cells, as well

components. These events collectively aim to bridge the wound gap

reestablishment of its aesthetic properties (Hussain et al., 2022). According to (Wassif et al.,
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2021), the implementation of local therapy can effectively facilitate the healing process and

¢

mitigate the occurrence of systemic side effects.

Wound contraction is a biological process in which cells strategi Xange the
extracellular matrix (ECM) of their surrounding tissue to expedite the healing process by
minimizing the quantity of ECM that must be generated. Wound ;:0 rac fers several

advantages, primarily by expediting the healing process tlv ﬂ‘ reduetion of granulation
tissue production required for tissue replacement (Zhang et al.;;2022). \

Considering the abovementioned, the assessmen ound contraction serves as a crucial

method for determining the advancement of healin aneous wounds. The observed increase

in wound contraction in rabbits treated wi uNP the“current study can be attributed to

several factors, including enhanced fibroblas roMon, increased collagen synthesis, and
improved epithelialization. While the wound size reduction was observed in both the Fusidic
acid-treated group and the CuNPs @’ d grog, the CuNPs-treated group exhibited a more
pronounced effect. This suggesfs that Cud Pg have a greater potential for enhancing the healing

of cutaneous wounds compared to idic acid.

According clyxkcted by (Tao et al., 2019), the application of CuNPs resulted

in a significant réduction in the wound surface area in rabbits within the first day. The

contraob‘ﬁ M within the 7-10-day timeframe demonstrated that CuNPs play a
t

sighificant role imthe proliferative phase as well.
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The presence of inflammation in rabbits is commonly observed following a bacterial
infection, resulting in an elevation of white blood cell count. The immune resp&se of the host
functions as a defensive mechanism that effectively combats bacterial invasion. The tise in white
blood cells has been associated with the development of an infection caum pathogenic
bacteria, which in turn triggers the immune system to generate defensived® wsigniﬁcance

Zase immune chemicals

of these cells in the body's immune response lies in their capacity tofFel

that facilitate the eradication of microorganisms (Salem et al¢, 2020; msﬁli‘eﬁl., 2021).

The groups treated with Fusidic acid and Cul&s exhibited non-significant numbers of
WBCs when infected with S. aureus. This suggests thathyCuNPs have a positive effect in
counteracting the negative impact of bacteria and rw \»BC count to normal levels.

S. aureus is a bacterium that belon s%the&positive category and is characterized
by its anaerobic nature. The organism is widely acknowledged as a prominent causative agent of
cutaneous infections, presenting a erable risk to the overall well-being of the general
population. The ability of S. aureus to U.]% oxidative substances plays a significant role in its
ability to persist. Organism* thewarithmic growth phase demonstrate a notable capacity to
tolerate oxidative byp duc\N emergence of bacterial resistance in S. aureus presents
significant obstacleﬁl theymanagement of infections attributed to this particular pathogen. The
implementaﬁ{of Winical animal model for S. aureus that is both efficient and cost-

u

effecti\No

agen Treffo\et al., 2020; Moradifar et al., 2024).

0 an additional avenue for assessing the efficacy of antimicrobial
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The pathogenic bacteria can be effectively inhibited through the utilization of CuNPs,
owing to their capacity to traverse the bacterial cell membrane unhindered du!to their small
dimensions. This penetration of the cell membrane subsequently results in the dation of
essential components such as minerals, proteins, and genetic material, ultimamadingto the

demise of the bacterial cell. Moreover, it has been observed that (‘!X‘\W)ly a potent
sive

antibacterial effect. Nevertheless, it is important to note that an eéXce ildup of these

nanoparticles can lead to the demise of microbial cells (Gka@ e&l.
2022).
) \ <

20 MI-Garawi et al.,

N\

The utilization of the antibiotic fusidic acid, known, for its wide-ranging antibacterial
properties (Liu et al., 2020), likely leads to the inhiw am’eus and consequently promotes
accelerated wound healing with no residual‘rrinwb&rved in the group treated with fusidic
acid. In contrast to the control groups, t wouwa‘[ were treated with CuNPs or antibiotics
exhibited the formation of a new la in Wing from day 3, and the healing process was
concluded by day 14, as report‘e(?b aﬁyt al., 2023). The study conducted by (Rafi et al.,
2023) assessed wound healing by, evaluating various factors including re-epithelialization,
infiltration of inﬂammCy C &re eneration and arrangement of collagen, as well as the

sue

presence of granula'?n d skin appendages.

Metal NPs, typi ir:letrate bacterial cells through an adsorption mechanism, leading to
the relea O&tal :s that cause DNA damage and the generation of reactive oxygen species
(RO\T’?. is process results in a substantial increase in the surface area of bacterial cells,
which s se'q?ently interacts with intracellular enzymes (Abdelghany et al., 2023). The
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biopolymer is composed of carboxyl and amine groups, while copper typically forms interactions
with these functional groups present on the surface of bacterial cells. The antibxterial efficacy
of CuNPs is attributed to their ionic nature and surface charge. These nanopartic ffectively

interact with various functional groups present on the cell surface, as discussmGuayet al.,

2021). ) ‘ \\ )

Conclusions C )| el

Based on the findings of this study, the utilization ofyR. Strictxeaves extract for the
biosynthesis of CuNPs is demonstrated to be a straig\htforwar}, egvironmentally sustainable,
efficient, and economically viable method of synthesis. Nan C(?per has the potential to serve as
an alternative therapeutic approach for treating W(mt re infected with S. aureus. This is
due to the demonstrated ability of CuNMto Wte the healing process by exerting
antibacterial and anti-inflammatory effects. At Nistological level, it was observed that the
group treated with CuNPs exhibited € ap’healing process characterized by complete re-
epithelialization of the epidqnth
granulation tissue rich in co%en, a(minimal infiltration of inflammatory cells.
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