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ABSTRACT: The cutrent study was aimed at the comparative preparation of silver
nanoparticles (AgNPs) using chemical and green methods with the ethanolic extract of
Hypericum perforatum and inclusion in a topical gel (Carbopol) to assess their efficiency
in the treatment of infected wounds. The methodology consisted of: characterization of
the particles by using (UV-Vis, FTIR, SEM, DLS), evaluation of the antibacterial
activity, physical properties of the gel and its dermal safety, as well as biological
evaluation (in vivo) in a model of albino rats with linear wounds infected with
Staphylococcus aureus bacteria, using morphological measurements, infrared
thermography and bacterial cultures. The results showed the superiority of the green
synthesis nanoparticles (P. NPs) in antibacterial activity as the lowest minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values
were recorded compared to the chemical nanoparticles and the crude extract. In animal
studies, the gel group containing green nanoparticles showed the highest wound closure
rate (91.80%), no detectable bacterial growth by day 6, and thermal convergence (AT =
+0.10°C). The results of this study showed that the green synthesis of silver
nanoparticles by H. perforatum showed promising antibacterial and wound healing
activity with short term dermal tolerability.

1. INTRODUCTION

Infected skin wounds, especially chronic or severe ones, constitute a serious clinical problem in modern health care associated
with high morbidity and mortality rates as well as with significant treatment costs [1]. This problem is made worse by the
global phenomenon of antibiotic resistance, where infectious bacteria like Staphylococcus anrens and Pseudomonas aernginosa have
devised sophisticated mechanisms to escape conventional therapy and build resistant biofilms [2]. Therefore, there is an
urgent need in the scientific and medical communities for the search for new and effective therapeutic alternatives that can

simultaneously fight microbes and promote wound healing [3].

In this aspect, the medicinal plants have become a promising source of the bioactive compounds with antimicrobial, anti-
inflammatory and tissue-regenerative properties [4]. One of the most important traditional plants used for wounds and burns
is St. John’s wort (Hypericum perforatum). Recent studies have shown that its extracts contain high levels of phenolic
compounds, flavonoids and naphthodianthrones that are essential in accelerating wound healing and inhibiting bacterial
growth [5]. Studies have shown that ethanolic extracts of this plant are very effective in shrinking wound size and stimulating

the formation of new blood vessels in animal models [0].

On the other hand, the field of biomedicine has been revolutionized by nanotechnology. Silver nanoparticles (AgNPs), in
particular, have gained a lot of attention because of their broad-spectrum antimicrobial activity, ability to penetrate bacterial
cell membranes, and multiple mechanisms of action that reduce the likelihood of bacteria developing resistance [7,8].
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However, the conventional chemical synthesis methods for silver nanoparticles employ toxic reducing and stabilizing agents,
raising concerns regarding their cytotoxicity and biocompatibility, particularly in topical dermatological applications [9]. To
overcome these barriers, the concept of “green synthesis” was developed as an environmentally friendly and sustainable
approach, utilizing plant extracts as natural reducing and stabilizing agents rather than toxic chemicals [10]. Secondary plant
metabolites like phenols and flavonoids present in Hypericum perforatum act as a natural coating around the nanoparticles which
improves their biostable properties and may provide an additional effect that enhances their antibacterial efficacy as
compared to chemically synthesized particles or crude plant extracts [11].

The development of topical drug delivery systems is important for improving clinical efficacy of these nanoparticles. Topical
formulations often use polymer-based gels like carbomer (Carbopol) because of their capacity to maintain an ideal moist
environment in the wound, allow drug diffusion, minimize evaporative fluid loss and possess physicochemical properties
compatible with the skin pH [12]. Moreover, infrared thermography has proven to be a valuable non-invasive diagnostic tool
for monitoring wound healing dynamics, as it reflects changes in local perfusion, metabolism and inflammation by measuring
the temperature differences between the wound and healthy skin [13].

Based on the above, the aim of this study is the chemical synthesis of silver nanoparticles with ethanolic extract of Hypericum
perforatum, and their characterization with different techniques (UV-Vis, FTIR, SEM, DLS). The study also focuses on the
development of these nanoparticles in Carbopol based topical gel and evaluation of their antibacterial activity, physical
characteristics and skin safety. Finally, the efficacy of these gels in the treatment of . aureus infected linear wounds on an
albino rat model is evaluated using thermography, morphological measurements and bacterial cultures as comprehensive

evaluation tools.
2. MATERIALS AND METHODS
2.1 Preparation of the Plant Extract and Chemical Analysis:

The aerial parts of Hypericum perforatum were purchased from a local market in Mosul, Iraq, and their botanical identity was
verified by Dr. Mai Taha in the Department of Biology, College of Science, University of Mosul. The plant parts were
thoroughly washed with distilled water, dried in the shade, and ground using a 100-mesh sieve. Twenty grams of the powder
wete extracted using absolute ethanol at a constant ratio of 1:10 (w/v) and then treated with an ultrasonic bath LUC-405 (Lab
Teck, Korea) for one hour [14]. The solution was filtered, and the solvent was removed under vacuum using a rotary
evaporator (Lab tech EV400H, China) at 40°C. The dry extract was then weighed and stored in a tightly sealed container at
4°C. A qualitative phytochemical screening was performed using a 1% aqueous suspension of the ethanolic extract to detect
phenols (ferric chloride test), flavonoids (alkali reagent test), tannins (lead acetate test), alkaloids (Mayet's test), quinones
(concentrated sulfuric acid test), carbohydrates (Molisch’s test), steroids (Salkowski test), and saponins (foam test). Coumarins
were also tested using sodium hydroxide and UV light [15-18].

2.2 Preparation of chemical and green silver nanoparticles (AgNPs):

The nanoparticles were chemically prepared using polyvinylpyrrolidone (PVP) as a stabilizing agent and sodium borohydride
(NaBH,) as a reducing agent. 849.35 mg of silver nitrate was dissolved in 500 mL of distilled water to prepare a 0.01 M
solution. 1.0 g of PVP was added, and the mixture was maintained in an ultrasonic bath at 30 °C with pH adjusted to 7.0.
while adding a 48 mL of fresh NaBH, solution (0.01 M) dropwise at a rate of 1 mL/min under continuous sonication for 50
minutes [19]. In contrast, plant-mediated nanoparticles (green method) were prepared by mixing 100 mg of plant extract and
100 mg of PVP in a flask, followed by the addition of 100 mL of silver nitrate solution (5 mM) dropwise at a rate of 1
mL/min. The mixture was subjected to sonication at 50 °C for 45 minutes and then both nanopatticle suspensions were left
in the dark for 48 hrs to complete dispersion and reduction. The nanopatticle suspensions were centrifuged at 13,000 rpm for
45 minutes, washed three times with distilled water, and then dried in a hot air oven at 40 °C for 12 hrs [20].

2.3 Nanoparticle Characterization Analysis:

Samples were analyzed using Fourier transform infrared spectroscopy (Shimadzu IRXross FTIR spectrophotometer, Japan)
to identify functional groups [20]. UV-Vis spectra, Thermo Scientific GENESYS 180, USA) were also recorded over
wavelength of 300-700 nm to detect surface plasmon resonance [21]. Surface morphology and aggregation were studied using
scanning electron microscopy (Ziess EVO 10 SEM, Germany) after coating the samples with a 1 nm thick gold layer [22].

961
Natural Resources for Human Health

(NRFHH)



Natural Resources for
Human Health 9

eISSN: 2583-1194

Hydrodynamic diameter and polydispersity index (PDI) were measured using dynamic light scattering (DLS) with a Litesizer
(Anton paar, Austria) after a 1:10 dilution of the samples [23].

2.4 Antibacterial activity evaluation:

The plant extract, chemically synthesized silver nanoparticles, and plant-mediated silver nanoparticles were tested against
Gram-positive (S. aureus, S. epidermidis, E. faecalis) and Gram-negative (P. aeruginosa, E. coli, K. pnenmoniae, A. banmannii) bacteria
using well diffusion method on Mueller-Hinton agar with 8 mm well diameter, with gentamicin disk (10 pg) as the positive
control and distilled water and 1% DMSO as the negative controls [24]. The minimum inhibitory concentration (MIC) was
determined by microdilution method using 96 well plate with blank for each dilution, and bacterial growth was measured at
610 nm. For determination of the minimum bactericidal concentration (MBC), 0.1 mL was collected from wells showing no
detectable bacterial growth and from the next higher concentration, then inoculated onto nutrient agar and incubated for 24

h. The MBC was defined as the lowest concentration showing no visible bacterial growth after incubation [25].
2.5 Preparation and evaluation of Carbopol gel and irritation testing:

Four formulations of Carbopol 934 gel were prepared using 0.0625 g in 25 mL of distilled water. These formulations
included: a blank gel, a plant extract gel (2.5% w/v), a green nanogel (0.025% w/v), and a chemical nanogel (0.032% w/v).
Three to four drops of triethanolamine were then added to adjust PH [26]. The gels were evaluated for homogeneity,
coarseness, pH, spreadability and viscosity using a Drawell (ND]J-8S, china) at 25°C and 30 rpm [27-29]. Skin irritation testing
was also performed on three healthy albino rats by applying the preparations to shaved areas of the back and comparing them

to control areas, monitoring for erythema or edema after 24, 48, and 72 hrs [30].
2.6 Animal Model and Wound Healing Evaluation:

Thirty five male albino rats (204-288 g) were used in this study from the Animal House, College of Veterinary Medicine,
University of Mosul (approval no. UM.VET.2026.005). The animals were acclimatized for 7 days. The rats were anesthetized
with ketamine (90 mg/kg) and xylazine (10 mg/kg), and a supetrficial linear wound (30 = 3 mm) was created and infected with
0.1 mL of 0.5 McFarland . aurens culture solution (1.5 X 108 CFU/mL) from Groups 2 to 7 [31]. The experimental animals
were randomly allocated into seven groups (n = 5 per group): Group 1 (uninfected, untreated control), Group 2 (infected,
untreated control), Group 3 (infected + plain gel), Group 4 (infected + chemical nanoparticles), Group 5 (infected + plant
extract), Group 6 (infected + green synthesized nanoparticles), and Group 7 (infected + 0.1% clindamycin as a standard
positive control. The wound was treated topically with 0.5 g of the assigned gel daily for 7 days, after 24 hours of wound
induction. Woundhealing was assessed by digital photography, wound dimension measurement and infrared thermography
(FLIR ONE camera at 30 cm, 0.95 emissivity, room temperature 27°C) to determine the temperature difference on days 1, 3,
5,7 (AT = wound temperature — adjacent healthy skin temperature) [32]. Bacterial cultures were obtained on mannitol salt-

agar daily. Wound closure percentage was calculated

2.7 Statistical analysis

statistical analyses were performed using GraphPad Prism 9.0 (Friedman’s test) .The values were expressed as means t
standard deviation (SD), The experimental results were analyzed by running a oneway ANOVA test followed by the Tukey's
for multiple comparisons, P<0.05 was considered statistically significant)

3. RESULTS
3.1 Extraction Yield, Phytochemistry, and Particle Characterization:

The absolute ethanol extraction yield was 3.68% (0.736 g from 20 g powder), yielding a viscous, dark green extract.
Phytochemistry showed strong positive results for phenols and flavonoids, moderate results for tannins and alkaloids, and
weak results for carbohydrates, quinones, steroids, and saponins, while coumarins were not detected as shown in table 1and
figure 1.
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Table 1. Qualitative phytochemical screening of Hypericum perforatum ethanolic extract

[Phytochemical constituent Test name Result
[Phenols Ferric chloride test +++
Flavonoids IAlkaline reagent test +++
Tannins ILead acetate test ++
IAlkaloids IMayer’s test ++
Quinones Concentrated H,SO, test +
Steroids Salkowski test +
Carbohydrates IMolisch’s Test +
Saponins Frothing test +
Coumarins NaOH/ UV test -

s

Figure 1. Qualitative phytochemical screening of the ethanolic extract of Hypericum perforatun: A, phenols; B, tannins; C,
flavonoids; D, quinones; E, carbohydrates; F, alkaloids; G, saponins; and H, steroids.

UV-Vis spectroscopy confirmed particle formation by the appearance of a surface plasmon resonance peak at 425 nm for
chemical nanoparticles and 440 nm for plant nanoparticles. FTIR spectroscopy confirmed the interaction of plant functional
groups (such as O-H at 3304 cm™ and C=0 at 1608 cm™) in the reduction and stabilization of plant particles as presented in
figure 2.
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Figure 3: SEM image of (a) P. NPs and (b) AgNPs. at 400nm.

Electron microscopy (SEM) image revealed that chemical silver nanoparticles and plant nanoparticles were single pellets with
some aggregation and their diameter ranging from 89.57 to 103.1 and 121.7 to 179.6 nm, respictively. Thes findings confirm
they fail in nanometeric range as shown in figure 3.

DLS analysis revealed an average hydrodynamic size of 57.67 nm (PDI 0.437) for the chemical nanoparticles and 114.33 nm
(PDI 0.409) for the plant nanoparticles, indicating a broad size distribution for both as indicated in figure 4.
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Figure 4. Intensity-weighted particle-size distributions of: A, plant-mediated AgNPs; and B, chemically synthesized AgNPs,
obtained using the Litesizer software.
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3.2 Antibacterial Activity:

Preliminary screening showed that the crude plant extract was effective only against S. awrens, S. epidermidis, and P. aeruginosa,
while other bacteria showed no inhibition as shown in table 2. At a concentration of 12.5 mg/ml, plant nanopatticles (P.NPs)
exhibited the largest inhibition zones (38 mm against P. aeruginosa and 36 mm against both Staphylococcus anrens and
Staphylococcus epidermidis), followed by chemical nanoparticles (30 mm and 28 mm, respectively), while the plant extract showed
inhibition zones of 11.5, 15, and 13 mm as shown in table 2.

Table 2. Comparative agar well-diffusion results for the three test preparations

Test concentration (mg/mL)

trol
Zone of inhibition: mean  SD (mm) Controls
Bacterial | Prepara
isolate tion DW/1
e GEN
100 50 25 125 |625 3125 |16 |0.78 |0.39
DMS 10 pg
o
5 ppx | 21020 [ 20550 [19020 [ 150% [ 140 [110% [00% [ 0.0£0. | 0050,
e ‘ 2 2 5 0.3 +03 |02 00 |0 0
0.00.
42540 | 40.010 | 38010 | 360+ | 355 |350 |300 |[230 |210 0.0
S. aurens P.NPs 0 0.0£0.
5 5 4 0.2 +02 | 04 | +05 | +05 | +02 0

40.0£0 | 36.0£0 | 33.5£0 | 28.0& | 27.0 | 26.0x | 24.0 | 20.0f | 19.0%
S. aunrens AgNPs

5 5 5 0.6 +04 |03  |+02 |02 |02
P bpx | Z40E0 [225%0 [ 16550 [ 1155 | 105 | 0.0%0. [ 0.0 | 0.0%0. | 0.00.
aernginosa ' 1 5 4 0.5 03 |0 0.0 0 0
+ +
P, ppe | 450H0 | 43050 | 40040 | 380% | 370 | 36.0% | 330 | 240% | 2204 0.020. | 22.0%0.
. S
aernginosa 5 5 5 0.4 0.6 |02 +03 | 0.2 0.4 0 0
P, nonpe | 420%0 | 38040 | 34040 | 30.0% | 280 | 260% | 240 | 19.0% | 180+
S
aernginosa & 5 5 5 0.6 0.5 [ 03 +04 | 03 0.4
5. x| 205%0 [ 19550 [175%0 [130% | 110 | 00%0. [ 0.0% | 0.0%0. | 0.0%0.
opidermidis | 3 3 5 0.6 +03 |0 00 |0 0
s. pape | 420F0 [ 4000 | 380%0 | 360+ | 300 | 250 230 | 200+ | 17.0% 0.0£0. | 20.0%0.
pidermidis |~ | 4 4 3 04 |04 |04 |01 |04 |o2 |V 0
s, nonpe | A05%0 | 3600 | 33040 | 2805 | 27.0 | 260% | 210 | 1705 | 150+
S
epidermidis | 8 3 4 3 0.4 105 |04 | +05 |03 |02

Abbreviations: ZOI, zone of inhibition; SD, standard deviation; P.EX, crude plant extract; P.NPs, plant-mediated silver
nanoparticles; AgNPs, chemically synthesized silver nanoparticles; DW, distilled water; DMSO, dimethyl sulfoxide; GEN,
gentamicin; mg/mL, milligram per millilitre; mm, millimetre

Microdilution testing determined that plant nanoparticles achieved the lowest MIC and MBC values (0.02 mg/ml) against
Staphylococcus  anrens, outpetforming chemical nanopatticles (0.025 mg/ml). The plant extract tequited much higher
concentrations against S. aurens, with an MIC of 1.562 mg/ml and an MBC of 3.125 mg/ml as summarized in table 3. As for
P. aeruginosa, although large inhibition zones appeared in the diffusion assay, it registered very high values in MIC and MBC
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200 mg/ml for plant extract, whereas P. NPs and AgNPs showed lower values of 0.19 and 0.2 mg/mL, respectively. These

findings indicate higher tolerance of P. aeruginosa compared to S. aureus as demonstrated in figures 5.

[l S. aureus WM P. aeruginosill S. epidermidis

100 A

ni{ma/mi,

WeNraie

0.01 A

PEX MIC P.EX MBC P.NPs MIC P.NPs MBC AQNPs MIC AgNPs MBC

Figure 5. Comparative MIC and MBC values of the three tested preparations against the responsive bacterial isolates.
3.3 Gel Properties and Irritation Test:

All four gel formulations exhibited complete homogeneity, a smooth texture, and were free from roughness or lumps
(although the plant extract gel appeared turbid due to the plant dispersants). The pH ranged from 5.68 to 6.28, which are
mildly acidic to neutral values suitable for the skin application. Viscosity ranged from 20,461 to 21,360 cP as shown in table 4.
The ZOI was 14 mm for Clindamycin and P. EX gel, 21 for P.NPs gel and 14.5 mm for AgNPs gel. Irritation testing showed
no observable erythema, edema, blistering, or local skin reactions with any formulation observed during the monitoring
period (24, 48, and 72 hrs).

Table 4. Physicochemical characteristics of the prepared gel formulations.

Spreadability | Viscosity
(cm) (cP)
Formulation Appearance Homogeneity Grittiness | pH
. 5.74+0.0
Plain Carbopol gel Clear Homogeneous Smooth 4 5.410.082 21,360+98
. 6.281+0.0
Plant-extract gel Turbid Homogeneous Smooth 5 5.3510.23 20,461%£93
5.691+0.0
P.Nps gel Clear Homogeneous Smooth 3 5.37£0.05 21,310£87
5.68+0.0
AgNPs gel Clear Homogeneous Smooth 3 5.42%0.09 21,260£95

3.4 In vivo wound healing and thermal imaging:
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On day 3, wound closure ranged from 38.94% (untreated infected group) to 52.73% (untreated uninfected group). However,

the differences between the treated groups were not statistically significant (P>0.05). On day 5, closure increased significantly,

with the plant nanoparticle group showing the highest closure (77.48%), followed by the chemical nanoparticle

group(75.51%), again without statistically significant differences (P>0.05). On day 7, the plant nanoparticle group achieved

the highest terminal closure (91.80%), followed by the clindamycin group (90.68%), the chemical nanoparticle group
DA [s¥ o DA

(90.60%), and the plant extract group (89.53%) as depicted in figure 6.
G2 G3 Ga Gé G7

Figure 6. Mean percentage of wound closure onDay 3¢ 5¢ 7 in the control and treated groups.

wo

GS

The control groups (infected and treated with plain gel) showed lower closure (85.42% and 85.66%, respectively). However,
the differences between the treated groups did not reach statistical significance (P>0.05). In contrast, Friedman's test showed
that the effect of time was statistically significant(P<0.05), confirming the progression of wound healing over time across all

groups.

For thermal imaging, the wound temperature gradually converged with that of healthy skin; the mean temperature gap AT
decreased from -1.13°C on day 1 to -0.03°C on day 7. On day 7, the plant extract and plant nanoparticle groups recorded the
smallest thermal gap (0.07 and 0.10 °C respectively), reflecting excellent thermal convergence, although there were no
statistically significant differences in the amount of thermal normalization between the groups (P>0.05) (Table 5).

Table 5. Signed AT values for each group on Days 3, 4 and 7 (mean & SD for available replicates).

050+ -057 + —035 + 093 + -088 + —-128 =+
Dy 3 0.4+ 0.56
ay 0.32 0.32 0.62 0.67 0.40 0.19
bacs —043+ —040 + —030 + +035 +|-060 *|-033 =+ -055 *
ay 0.18 0.44 0.75 0.37 0.94 1.36 0.26
Dae 4030+ —037 + -023 * +030 + 4007 * +010 + —037 =+
ay 0.08 0.06 0.23 0.35 0.06 0.10 0.47

3.5 Bacterial Cultures:

Mannitol salt agar cultures showed bacterial growth in all infected experimental groups from day 1 to day 6. However, after
day 6, no detectable S. aurens growth was observed in the groups treated with chemical nanoparticles, plant extract, plant
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nanoparticles, and clindamycin, while bacterial infection continued to grow in the two control groups (untreated infected and
blank gel)

3.6 Photographic Documentation:

The macroscopic appearance of the wounds was documented across the different days as shown in figure 7 and serial thermal
images showing thermal changes in the wounds across the evaluation days were recorded asrepresented in figure 8.

Day
1 3 5 7
Group

Figure 7. Photographs of the macroscopic wound appearance in the seven groups on Days 1, 3, 5, and 7.
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Day
Group

Figure 8. Serial infrared thermograms of wounds in the seven groups on Days 1, 3, 5, and 7.
4. DISCUSSION

The current work demonstrates that Hypericum perforatum plant extract, which is high in flavonoids and phenols, serves as a
green reducing and capping agent. Asgharian and Ojani's phytochemical screening showed that leaves and flowers contain
flavonoids and phenols, while the leaves contain coumarins and diterpenes, the extract also contains terpenoids, cardiac
glycosides, and phlobatannins. However, our screening failed to find coumarin, which could be explained by regional and
environmental variations [33]. This formation of nanoparticles was confirmed by the peaks in UV-Vis spectrum at (425, 440
nm) and the changes in the FTIR spectra, indicating the interaction between the plant biomolecules and the nanoparticle
surface. These findings closely agreed with those reported by Alahmad et al. (2021) who observed UV absorbed ranging from
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(392 to 460 nm), with a sharp peak at 442 nm [34]. Furthermore, the increase in the hydrodynamic diameter of the plant
nanoparticles (114.33 nm) compared to the chemically synthesized ones (57.67 nm) is attributed to the organic coating
(capping agent) composed of plant metabolites and PVP. Regarding the morphology, the observed in the scanning electron
microscopy (SEM) images confirm the nanoparticles fail in nanometeric range with aggregation. The aggregation is likely a
result of sample drying, the formation of polymeric films from PVP, or even colloidal aggregation induced by gold plating
[35].

The superior antibacterial activity of plant mediated nanoparticles (P. NPs) compared to chemically synthesized nanoparticles
despite their larger size and crude extracts may be related to a potential combined effect between silver ions and bioactive
phenolic compounds bound to the particle surface. Although previous studied have reported stronger antibacterial activity for
smaller AgNPs [30], surface-bound metabolites enhance overall particle-cell interaction. Alahmad et al. (2022) found MIC
values for Hypericum perforatum mediated AgNPs of 6.25 pg/ml. against Pseudomonas aeruginosa and 12.5 ug/ml. against
Staphylococcus aureus, all bacteria isolate was resistance to plant extract [10]. In comparison, our results found comperable
MIC (20 pg/mL) for S. aureus and much higher MIC (200 ng/mL) for P. acruginosa. unlike their finding, our plant extract
showed antibacterial activity against both bacteria. However, E. coli was resistance to Hypericum perforatum mediated
AgNPs in both researches. Notably, P. acruginosa exhibited a discrepancy between the diffusion assay (large inhibition zones)
and the microdilution assay (high MIC value). This reflects a difference in the diffusion mechanism across agar compared to
direct exposure in liquid broth. The high tolerance of this Gram-negative bacterium is explained by intrinsic resistance

mechanisms such as outer membrane permeability, efflux pumps, and biofilm formation [37].

The plant synthesized nanoparticles group (P. NPs) showed a superior therapeutic profile with the highest wound closure
(91.80%), total bacterial clearance after day 6, and excellent thermal convergence (AT +0.10). On the other hand, the plant
extract gel showed an initial lag in response followed by a strong healing advancement, reflecting the dual pharmacological
role of phytoconstituents in promoting tissue repair and inhibiting microbiological development. These finding supported by
Zain et al. (2024), who synthesized AgNPs using Dactyloctenium aegyptium and observed a wound contraction of 87.44 £
4.12% on day 9 using an AgNP hydrogel, compared to 74.85 £ 2.92% with silver sulfadiazine and 65.51 £ 2.06% in untreated
control animals [38]. Furthermore, infrared thermography proved to be an excellent non-invasive diagnostic tool for
monitoring wound healing dynamics; the reduction in the thermal gap (AT) directly reflects microvascular recovery and tissue
perfusion.. However, the untreated infected group showed partial thermal convergence and eventual closure despite
persistent bacterial colonization. although complete wound closure will take longer period. This improvement can be

attributed to host intrinsic immune defenses and natural regenerative capacity of the tissue [39].

The vehicle gel group (Carbopol) showed substantial wound closure (85.66%), suggesting that the gel base itself facilitate
healing by maintaining a moist environment, reducing evaporative H2O loss, and protecting the wound surface, although
lacking antibacterial action [40]. these results compared to those reported by Gaikwad et al. who found wound contraction of
87.01 £ 4.73% in gel treated group compared to 85.48 £ 15.99% in untreated group after 15 days [41]. In contrast,
clindamycin achieved microbiological success and high closure, but its temperature on day 7 remained slightly negative (-
0.37°C), suggesting that microbial clearance and wound closure may precede the full functional restoration of the surface
temperature profile, possibly reflecting local perfusion differences [42].

5. CONCLUSION

The present study demonstrates that ethanolic extract of Hypericum perforatum can serve as effective and environmentally
friendly reducing agent for green synthesis of silver nanoparticles. The plant-mediated nanoparticles exhibit greater
antimicrobial efficacy than conventional chemical nanoparticles. This is due to the combined effect between the silver ions
and the phenolic compounds of plants that encapsulate the particles. The incorporation of these green nanoparticles (P. NPs)
in the Carbopol gel produced an acceptable topical formulation, skin pH compatibility and physicochemical characteristics.
Further studies are required to confirm long-term safety optimize the formulation.
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