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ABSTRACT

Current study was designed to evaluate the wound healing potential of leaf extracts of Sygygium cumini (Linn) and
effectiveness of zinc oxide nanoparticles against wounds. Number of studies are already available on the plant extracts
and nanoparticles against wound healing, focus of present study highlights the role of S.cumini for healing and presents the
compatative analysis when drug was used at mg/ml and at nano range. Bio-fabricated zinc oxide nanoparticles (BZnO
NPs) were synthesized via green route and were further characterized using UV-Vis spectroscopy, FTIR, XRD and SEM.
Efficacy of these NPs were assessed against excision wounds using albino Wistar rats (both genders, 250-300 g) and the
data was recorded in the interval of seven, fourteen and twenty-one days. For the synthesis of zinc oxide nanoparticles 10
mL of 1 mM ZnSO.4.7H,O was mixed with 3 mL of S. cumini leaf extract, and the reaction mixture was stirred at 80°C
using magnetic stirrer for 2 hours. A clear change in color of the mixture (pale yellow to whitish) confirmed the synthesis
of BZnO particles while UV-Visible analysis presented a sharp peak at 378 nm which confirmed the synthesized particles
in nanoscale. The hexagonal wurtzite structure of BZnO nanoparticles through XRD analysis gave distinct peaks at 260
position. The average size was around 70 nm with irregular shape of particles. Among all extracts, aqueous extract of S.
cumini Linn. was found excellent reducing agent for the synthesis zinc oxide nanoparticles, while statistically analyzed
results (at p< 0.05) showed that among all plant, after day 07, day 14 and day 21 also showed that S. cumini (Linn.) (42.5
%, 87.5 % and 100 % respectively) showed significant wound contraction in female rats as compared to male rats, while
its n-Hexane extract has least significant effects. Nanoparticles have wound healing potential at all concentration, but it
was maximum wound contraction after 14 days of biogenic nanoparticle application which remained continued till third
week of particle application. Current study can be used as basic study for the isolation of active compound behind it so
that it could be used for the formulation of curative bandage to cure excision wounds.

KEY WORDS: Syzyginm cumini Linn., Zinc nanoparticles, Excision wounds

INTRODUCTION

Wound healing is the process by which the body repairs and replaces damaged or destroyed tissues and cells of body.
Which particularly involves multiple stages, including hemostasis, inflammation, proliferation, and remodeling. Wound
healing can be classified into primary and secondary healing, depending on the severity of the wound and the presence of
complications. Effective wound healing requires a coordinated effort of various cellular and molecular mechanisms, and
any disruptions can lead to abnormal healing or complications.

Wound healing is a complicated biological process that consists of blood coagulation, inflaimmation, proliferation, and
remodeling. The living body switches the damaged or injured tissue by this complex and active process. Healing gets
slowed down under certain pathological conditions such as heavy blood loss, microbial infection, or diabetes. Therefore,
it is important to get wound treated instantly with suitable handling. So, for the wound healing process, wound dressings
are one of the most important and major materials used (Mohandas ez a/., 2015). Wounds are generally classified according
to the undetlying cause of the development of wounds. In acute wounds, there is tissue damage/injury that generally
occurs through an orderly and time-reparative phase that results in the anatomical and functional integrity being restored
sustainably. Acute wounds are typically caused by the cuts or surgical incisions. In closed wounds, the blood escapes from
the circulatory system but stays inside the body. It becomes evident in the form of bruises. Blood leaks from the body
through an open wound and bleeding is clearly noticeable. The open wound may be divided further into categories
according to the source causing the wound. Incised wound is a wound with no loss of tissue and minor damage to tissue.
It is caused primarily by sharp objects like a scalpel or knife. Since dirt may penetrate deep into the wound, chances of
infection are common in them. Chronic wounds are wounds that have not gone through the usual healing stages and
hence reach a state of pathologic inflammation. They need extended healing time (Sharma e/ a/, 2021).
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Syzyginmeumini(Linn.) has been traditionally used as a medicinal plant. Different parts of the plant (for example bark,
leaves, seeds, and fruit) have been employed in the treatment of various diseases. S.cumini(Linn.) fruit juice has been
utilized, orally, to treat gastric complaints, diabetes, and dysentery. S.cumini(Linn.) seeds have been applied externally to
treat ulcers and sores, and powdered seeds with sugar have been given orally to combat dysentery. Powdered seeds have
been repotted to be effective against diabetes. S.cumini(Linn.) leaves were cooked in watet (concentration of 2.5 g/L) and
drunk daily, where 1 L has been reported to be effective against diabetes. The juice of leaves has been used as an antidote
in opium poisoning, and an oral intake of leaves for 2—3 days has been reported to be effective in reducing jaundice in
adults and children. Traditionally, S.cumini(Linn.) leaves juice along with mango leaves and myrobalan fruit administered
with honey and goat milk has been used also to combat dysentery, whereas bark decoction of S.cumini(Linn.) with water
has been used to treat diabetes, dysentery, to increase appetite, to achieve sedation, and to relieve headache when taken
orally. Bark decoction has been given to females with recurrent miscarriages. S.cumini(Linn.) bark juice with buttermilk has
been reported to treat constipation, whereas an intake in the morning has been claimed to stop blood discharge in feces
(Qamar et al., 2022).

Nanoscience and nanotechnology indeed represent cutting-edge fields with vast potential across various disciplines. Their
ability to manipulate matter at the nanoscale level is a great platform or opportunity for innovation and advancement. By
deep understanding and having abilities for the control synthesis of these substances and materials at such tiny or minute
dimensions, researchers can develop novel materials, devices, and systems with unprecedented properties and
functionalities. Advancement in the field of production and synthesis at such great control and tiny level is termed as
nanotechnology (Santhoshkumar et al., 2017). This is no doubt interdisciplinary field of science and nanotechnology
which allow numerous other fields of science such as biology, physics, chemistry, and materials science, which are the
leading sciences for discoveries and applications(Divya et al.,, 2018). Nanoparticles are playing an important part in the
field of medicine, drug delivery, imaging, and diagnostics which is offering more targeted and efficient treatments while
minimizing side effects. Similarly, in materialsciences, nanomaterials had great mechanical, electrical, and optical
properties that can revolutionize industries ranging from electronics to energy(Karthika ez a/, 2017) (Benelli ¢# al., 2018).
Indeed, the application of nanoparticles in agriculture holds significant promise, particularly for subsistence and organic
farmers aiming to enhance crop productivity while minimizing environmental impact. Here are some potential
applications of nanoparticles in agticulture(Badar et al., 2023).

There are various method for the synthesis of these nanoparticles, such as chemical, physical, and biological methods
(Vijayakumar ef al., 2016; Ishwarya e al., 2018). However the synthesis of nanoparticles using microorganisms and plants
is marked as the green synthesis, which surely offers several distinctive features such as environmental sustainability and
cost-effectiveness (Singh e @/, 2017; Banumathi e a/, 2017). To produce nanoparticles method of green synthesis is
sustainable and environmentally friendly, which is also in line with the principles of green chemistry and sustainable
development. By harnessing the power of nature, researchers can develop innovative nanomaterials with minimal
environmental impact, contributing to a cleaner and healthier planet.

The most important feature of these nanoscale particles is their larger surface-to-volume ratio which is responsible for the
increase in their efficacy, and environmental sustainability. These are the most important features which made these
particles more effective and common. Which means that smaller quantities of material are required to achieve greater
effectiveness, making nanoscale particles a more efficient and economical choice compared to larger particles. The most
prominent feature of these particles is a greater surface area relative to large size particles due to which they had greater
potential to reach at the target site, which reduces the need of material at large quantity. This makes them a more efficient,
cost-effective, and environmentally friendly option (Vijayakumar ez a/, 2016). No doubt these particles are becoming a
material of choice due to having characteristic properties such as catalysis, water treatment, energy storage, medicine,
agriculture, etc. (Khot et al. 2012; Gajanan et al., 2018 and Bratovcic, 2019). Nanomaterials possess two distinct
properties that set them apart from their larger counterparts like surface effects and quantum effects. These unique
properties make nanomaterials significant and confer advantages that aren't obsetved in the same materials at larger
dimensions. Actually the small size of nanomaterials gives rise to both of the characteristic features, due to which these
are commonly being in use for vast applications (Gade et al., 2010).

The conventional physical and chemical methods of synthesizing Zinc Oxide nanoparticles have several drawbacks,
including high costs, toxic byproducts, and stringent conditions of pressure and temperature. To overcome these
limitations, there is a growing need for sustainable and environmentally friendly approaches. Green synthesis methods
have emerged as a viable alternative, offering a cost-effective and eco-friendly route to nanoparticle synthesis, free from
harmful byproducts and extreme conditions. In order to over the challenges due to other methods of synthesis, green
synthesis had attained significant importance, providing a sustainable and justifiable approach to nanoparticle synthesis,
making it cost-effective, environmentally friendly, free from toxic byproducts (Sharma ez al, 2020).

S.cumini Linn. has been utilized globally as a natural remedy for various ailments since long time. Its effectiveness in
treating inflaimmation, diabetes, diarrhea, ulcers, and cancer has been well-documented. Preclinical studies have also
revealed its anti-neoplastic, radio-protective, and chemo-preventive properties. The Jamun tree is a rich source of
bioactive compounds, including ellagic acid, glucoside, anthocyanins, kaempferol, and myrecetin, which are present in its
leaves, fruits, barks, roots, and stems. These compounds contribute to its immense potential as a source of healthy
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nutrition and medicine, with pharmacological effects that include antidiabetic, antimicrobial, antioxidant, central nervous
system activity (CNS), chemo-preventive, (Singh et al., 2019).

METHODOLOGY

Study site

Present experimental analysis was performed at the animal house of Institute of Molecular Biology & Biotechnology
(IMBB), The University of Lahore, Lahore, and Punjab, Pakistan. All the materials utilized for the present research work
were of analytical grade.

Experimental plant

Fresh identified leaves of S. cumini(GC Herb. Bot. 3976)were used as an experimental material.

Preparation of plant extract

80 mesh powder of S. cumini (Linn.) leaves was measured by weighing balance and then dissolved in n-hexane in 1: 10
ratio in a glass bottle, followed by the shacking of mixture for 24 hours at room temperature. Then filtrate was separated
by centrifugation at 15000 rpm for 15 minutes, followed by filtration through Wattman filter paper 1.0 to collect n-hexane
extract of S. eumini (Linn.) leaves. The residue was redissolved in ether, ethanol and finally distilled water (1:10 ratio)
respectively and repeated the methods of shaking and filtration to collect ether, ethanolic and water extracts (Asma ef al.,
2015).

Synthesis of ZnO Nanoparticles

Zinc oxide nanoparticles were synthesized via a green route using an aqueous solution of zinc sulfate heptahydrate
(ZnSO4.7TH20) and leaf extract of S. cumini (Linn.). for that 10 mL of 1 mM ZnSO47H>0 was mixed with 3 mL of S.
cumini leaf extract, and the reaction mixture was stitred at 80°C using magnetic stirrer for 2 hours. While the reaction
mixture was continuously monitored to note the change in color. The mixture was then centrifuged at 6000 rpm for 15
minutes, and the resulting particles were washed further four times with distilled water to remove impurities. The washed
particles were subsequently dried in a hot air oven at 120°C for 1 hour to yield the final ZnO nanoparticles, which were
then stored for further characterization and analysis. The characterization of the zinc oxide nanoparticles using various
analytical techniques were performed as a confirmational studies.

Characterization of ZnO Nanoparticles
Characterization of prepared nanoparticles was carried out though; UV-Vis Spectrophotometry; Fourier Transform
Infrared Spectroscopy (FTIR); X-ray diffraction (XRD) and Scanning Electron Microscopy (SEM) analysis

Zinc oxide nanoparticles were sonicated in distilled water for about 15 minutes and wavelength was recorded between
300-800 nm using Thermoscientific, Multiskan Sky plate reader (Mahamunies a/., 2018). FTIR analysis was performed to
assess the presence of active components. Results were recorded in the range of 1000 to 4000 cm-!' (Dobruckaer al., 2016).
X-ray diffraction pattern of the dried ZnO NPs were carried out using PANalyticalXpert powder diffractometer
(Malvern) for the determination of shape and average size of green nanoparticles.

The average crystallite size of ZnO NPs was determined from the highest intense/natrower peak using Debye Shetret’s
equation:

D=k\/ BcosO

Where, D is crystallite size of nanoparticles, k is Sherrer’s constant, which is 0.94, X is the wavelength of X-ray sources
used in XRD (1.5406A), B is full width at half maximum (FWHM) of diffraction peak. 0 refers to Bragg’s angle. The most
intense peak was chosen which is <010> and crystalline size of synthesized ZnONPs was determined around 21.63 (Bala
et al., 2022). For further confirmations SEM analysis of prepared nanoparticles was performed using Carl Zeiss (model:
FE-SEM sigma 500 VP) to assess the surface morphology, shape, and size of ZnO NPs.

Animal selection

After ethical approval (Approval No: USM/Animal Ethics approval/2009), adult male and female albino rats (250-
300gm) had been housed in standard stainless-steel cages separately to avoid mating, at controlled room temperature and
60-70 % relative humidity and fed with standard laboratory diet with free access to water. Sick and feeble rats were
excluded from the study. Animals were divided in following groups.

Table 1 Different groups of animals for ## vive experiment

Groups Treated with
Vehicle Wounded treated with water
Negative Control Wounded (untreated)
Positive control Wounded treated with puyodine
Experimental n-hexane extract

ether extract

ethanolic extract

water extract

Zinc oxide nanoparticle

O 1N Ul A~ WD -
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Where Vehicle is the wounded animal treated with water, negative control was left untreated and positive control was
treated with known drug (puyodine ointment), while group 4-7 was kept as an experimental treated with plants extract (5.
cumini Linn.) and group 8 was treated with ZnO NPs.

Treatment and Excision wound formation on Rats

After induction of anesthesia (40 mg/Kg ketamine), a wound (2 X 2 cm) was made by a scalpel, which removed all
cutaneous layers of animal. Then rats were randomly divided into above groups (Table 1) and applied the relevant
treatments to the wound bed for 14 days. On day 7, the wound contracture (%) was measured by tracing the wound on
transparent paper and a permanent marker. Recorded wound areas were measured using 1.0 mm? scale of graph paper.
Changes in wound area were evaluated after 07, 14 and 21 days, by giving an indication of the rate of wound contraction
period. The evaluated surface area was used to calculate the percentage of wound contraction by using following formula,
by taking initial size of the wound as 100% (Sudheesh ¢z a/, 2012).

Wound contracture (%) = (Wound area on 1st day—Wound area on last day)
Wound atrea on 1st day X 100.

Statistical analysis
Data has been analyzed through Two-way ANOVA, followed by the calculation of means and standard deviation (SD)
through GraphPad 8.0 and results has been expressed as mean=® SD.

RESULTS
Identified plants was Syzygium cumini (Linn.) (GC Herb. Bot. 3976).

Synthesis of Zinc Oxide Nanoparticles
A change in color of reaction mixture from pale yellow to whitish was the first clear indication of zinc oxide nanoparticles

(BZnO NPs).

CHARACTERIZATION

UV-vis. Spectroscopic Analysis

A sharp peak was obtained at 378 nm by UV analysis of experimental particles which confirmed that the synthesized
particles were in nano scale range (Figure 1 A). While the band gap energy of BZnO NPs was recorded 3.6 eV (Figure 1
B).

FTIR Analysis

Figure (2) showed the presence of active constituents which were due to the plant extracts. A clear and sharp peak at
2920.85 was due to C-H stretching, while peak positions at 3425.15 and 1433.07 were due to strong O-H stretching.
Peaks at 1629.07 and 1112.53 were attributed to the presence of C=C and C-O stretching,

XRD Analysis

The pattern of synthesized ZnO NPs clearly indicated the crystalline nature of particles while the diffracted intensities
were recorded from 20° to 80° at 20. The observed sharp diffraction peaks at 20 values 31.7, 34.38, 36.18, 47.44, 56.54,
62.98 and 67.8 degrees. These peaks (100), (002), (101), (102), (110), (103) and (112) correspond to JCPDS Card NO. 03-
065-2880 confirmed that they were in lattice planes showing hexagonal wurtzite structure (Figure 3).

SEM Analysis

Images recorded from SEM analysis confirmed that the prepared green nanoparticles were in hexagonal shape
agglomerated together (Figure 4). These particles were irregular and rough in appearance with average size ranges 25-45
am.
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Figure 1 (A) UV Spectrum (B) Band energy gap calculated by tauc plot of bio fabricated BZnO nanoparticles.
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Figure 3 XRD Analysis presenting JCPDS Card NO. 03-065-2880 of BZnO NPs
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Figure 4 Electron micrograph of BZnO NPS

Wound healing potential of control groups

SCME NUST

Statistically analyzed results showed that wound healing potential in male rat was more evident as compared to female rat
in control groups as animals in the vehicle showed 77.08% wound healing, which may be because of the natural immunity
of animals, while male animals in Group III showed 82.56% wound healing and female rats showed 91.45% (Figure 5 and

Figure 06).
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Wound Healing Potential of plant extracts and biogenic nanoparticles

Statistically analyzed results of showed after seven days, ether extract of S. cumini (Linn.) showed 55% wound healing,
followed by its n-hexane extract which showed 50% wound healing in female rats. 37.5% wound healing was shown in
male rats with water extract followed by the ethanolic extract (35% wound healing). After fourteen days, n-Hexane extract
of 8. cumini (Linn.) showed 92.5% wound healing in female rats followed by its ether and water extracts (90% wound
closure in female and male rats respectively). 87.5% and 80% of wound closure has been observed in female and male rats
respectively when they had been treated with water and n-hexane extracts respectively. After 21 days, all four extracts of
S.cumini(Linn.) showed promising results with 100% wound closure in both male and female rats, followed by its ether
and ethanolic extracts (90% and 85% wound closure respectively) in male rats. Among all extracts of S.cumini(Linn.)
leaves, water extracts have significant wound closure in female rats as compared to male rats. Biogenic nanoparticles have
shown wound contraction on each concentraion but after days 14 and 21 of nanoparticle application, wound contraction
was almost same and results were similar to that of positive control drug (Figure 5 and Figure 06).

E=8 21 days
07 days
B 14 days

F 100
E
=
g
= 50
0
Eth (F)
S. curmini L. extracts and genders
Gy
EDay 07 (Male) ®Day07 (Female) ®Day 14 (Male) ®Day 14 (Female) ®Day2l (Male) ®Day21 (Female)
100

‘Wound contraction (%)

Vehicle Negative  Positive 10 20 30 40 50 60
control group control group

Control groups and Concnetrations of nanoparticles (ng/ mL)

B)
Figure 6: Wound healing effect on different genders of albino Wistar rats by (A) leaf extracts of S.cumini Linn. and (B)

ZnO nanoparticles and Control groups

M= Male F= Female E= Ether extract, Eth= Ethanolic extract, n-H= n-Hexane extract, W= Water extract, a to h shows
maximum to minimum wound healing efficacy (%)

** = Significant wound healing effect (%) on different days by leaf extracts of S.cuminiLinn.) at p= 0.0017, *F** =
Extremely significant wound healing effects (%) among different extracts of S.cuminilinn. at p< 0.0001.
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DISCUSSION

Zinc oxide nanoparticles have been successfully synthesized using plant-based green extracts. A distinct change in color
of the reaction mixture is a hallmark feature of zinc oxide nanoparticle formation, and numerous studies have reported
this color change as the initial indication of nanoparticle synthesis. In agreement with previous research conducted by
vatious experts, including, our study also observed a notable color change, confirming the successful synthesis of zinc
oxide nanoparticles. This color change is a result of the reduction of zinc ions and the subsequent formation of zinc oxide
nanoparticles, which exhibit unique optical properties due to their nanoscale size and high surface area Nascer et al.,
(2020) reported that Zinc oxide nanoparticles (ZnO NPs) were successfully synthesized using leaf extracts of Cassia
fistula and Melia azedarach as reducing agents. The formation of ZnO NPs was confirmed by a distinct color change of
the reaction mixture, which turned from yellow to light brown in the case of C. fistula extract and from red to off-white
in the case of M. azedarach extract. This color change is a characteristic indication of the reduction of zinc ions and the
subsequent formation of ZnO NPs, which exhibit unique optical properties due to their nanoscale size and high surface
area

(Dihom et al., 2022). Zinc oxide nanoparticles (ZnO NPs) exhibited sharp and intense absorption peaks at wavelengths
ranging from 360 to 363 nanometers, which is in excellent agreement with the findings of the present study. This
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absorption profile is characteristic of ZnO NPs and confirms their successful synthesis. The peak positions and intensities
observed in this study are consistent with previous reports, further validating the results (Salahuddin et al., 2015).

Results of present experimental study were in line with the previous study of Rajiv et al., (2013).

UV-Vis spectroscopy was employed as a secondary confirmation step to determine the nanoparticulate nature of the
synthesized particles. The UV-Vis analysis revealed peak positions between 200-450 nm, which is a common range for
nanoparticle absorption. Notably, the green-synthesized ZnO NPs exhibited a distinct peak position at 354 nm, attributed
to the electron transition in the conduction band of the biofabricated ZnO NPs. This peak is characteristic of the large
excitation binding energy of the nanoparticles at room temperature, further supporting their successful synthesis and
nanoscale size. (Fakhari ef al., 2019). The size of nanoparticles plays a crucial role in changing the properties of materials,
and UV-visible absorption spectroscopy is a widely used technique to study the optical properties of nanoparticles *. It is
well known that the band gap increases as the particle size decreases, which is evident from absorption spectroscopy *. A
study has also shown that ZnO nanoparticles prepated using Cassia fistula and Melia azedarach give peaks at 320 nm and
324 nm, respectively (Naseer et al., 2020). Similar results were also reported by study of Zhang et al (2002) and Swart et
al,, (2019). Results of band energy gap calculated by Tauc plot for the experimental nanoparticles were also in line with
study of Xaba et al., 2019.

The XRD spectrum has prominent peaks corresponding to the diffraction peaks at 20 = 31°, 34°, 36°, 47°, 56°, 62° and
67° were indexed with the diffraction planes (100), (002), (101), (102), (110), (103) and (112) approve with JCPDS card
no. 36-1451, 63 which confirms the hexagonal wurtzite structure of ZnO NPs (Demissie et al., (2020). Results of present
experimental analysis were in favor of Getie et al., (2017) and Gholamali and Yadollahi, (2021). Results of another study
suggested that sharp peaks obtained by XRD analysis were used to calculate average size. Moroever NPs were hexagonal
wurtzite in shape as reported by Dobrucka and Dlugaszewska (2016). SEM analysis was used for the morphological study
of the experimental nanoparticles, as reported by experts (Rajiv et al., 2013).

Wound healing is dynamic process and complicated that restores cellular structures and tissue layers in damaged tissue to
their normal state at its best. Wound contracture is a condition that happens throughout the healing process, beginning
with the fibroblastic stage, in which the wound shrinks. Hemostasis and inflaimmation characterize the inflaimmatory
phase, which is followed by epithelialization, angiogenesis, and collagen deposition in the proliferative phase. The wound
contracts during the maturational phase, the final stage of wound healing, results in lower quantity of apparent scar tissue
(Nilesh ez af., 2010).

Somwanshi, S.B., and Hiremath, S. N. (2018) found that the use of herbal plants, which are generally less toxic, allows for
prolonged administration. Polyherbal medications, which contain multiple plant constituents (Table 2 and Figure 7), offer
advantages over synthetic chemicals due to their synergistic effects on wound healing. These phytochemicals possess anti-
inflaimmatory, antioxidant, and antimicrobial properties, leading to enhanced efficacy and reduced adverse reactions.
Therefore, rigorous scientific investigation is crucial to explore the pharmacological applications of herbal medicines and
validate the claims made about them in traditional remedies.

The proliferative phase of wound healing is characterized by collagen accumulation, granulation, epithelialization, and
wound contraction. Myofibroblasts play a crucial role in wound contraction, while epithelial cells migrate across the
wound site to facilitate healing. Wound contraction occurs throughout the healing process, and studies have shown that
extracts of A. indica, A., and N. tabacum L. accelerate wound contraction and epithelialization, leading to improved
collagen synthesis and effective healing (Shivanandaes a/, 2014).

Collagen, a crucial component of connective tissues, plays a vital role in wound healing by providing a scaffold for
regenerative tissues. Composed primarily of the amino acid hydroxyproline, collagen is a key component of the
extracellular matrix, imparting strength and support to tissues. The methanolic extract significantly enhanced wound
contraction in the experimental group compared to the control group, suggesting that it may accelerate collagen synthesis,
leading to faster wound healing., which is attributed to the phytocompounds in Methanolic extracts of plant (Table 2)
(Samantaer al, 2016). The phyto-extracts of Syzygiumcumini Linn. leaves, obtained using vatious solvents such as ether,
ethanol, n-hexane, and water, have demonstrated significant wound healing activity. This is attributed to the presence of
phytochemicals, including tannins, flavonoids, and phenolic compounds, which have been reported to possess anti-
inflammatory, antioxidant, antimicrobial, and immunomodulatory properties. These bioactive compounds can promote
wound healing by (Table 2). These phytochemicals are effective in promoting wound healing by increasing the rate of
healing, reducing inflammation, and providing protection against infection (Kumar &Ahirwar 2017).

Table 2 Phyto-compounds and their propetties in polarity based extracts of S. cumini Linn. leaf extract

Compounds Molecular formulas | Molecular weights | Structures | Solubility in water Pubchem ID
(g/mole) (Figure 7)
Saponins CssHogsO27 1223.3 a Polar/ Soluble 198016
Quinones C1sH140¢ 290.27 B Less polar/ less soluble 11437738
Oxalic acid C;H,04 90.03 C Polar/ Soluble 12252960
Gallic acid C;HOs 170.12 d Polar/ Soluble 288114
Taxifolin CisH1207 304.25 E Polar/ Soluble 439533
Methyl gallate CsHsOs 184.17 F Polar/ Soluble 7428
Quercetin C1sH1007 302.236 g Polar/ Soluble 5280343
Luteolin C15H190O0¢ 286.24 H Polar/ Soluble 5280445
Hesperidin CysH34015 610.565 I Less polar/ less soluble 10621
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Figure 7Major phytocompounds in different extracts of S.cumini (Linn.) leaves (Qamar ez al, 2022, Singh et al., 2019,
Samanta et al. , 2016, Sudheesh et al. , 2012 and Banumathi et al. , 2017)

CONCLUSION

The leaf extracts of Jambolana (Sygygium cumini Linn.) were successfully used to synthesize zinc oxide nanoparticles (ZnO
NPs), which were stabilized and capped by the plant extracts. The prepared nanoparticles were characterized using UV,
FTIR, XRD, and SEM analysis, confirming their nanostructure and stability. The FTIR analysis revealed that the plant
extracts played a crucial role in the successful synthesis and stability of the nanoparticles. The nanoparticles had an
average size of around 70 nm with an irregular shape. The wound healing activity of the S. cumini leaf extracts and BZnO
nanoparticles was evaluated in female and male rats. The results showed that all extracts except n-hexane extract exhibited
significant wound healing activity, with the ethanolic and water extracts showing maximum activity. The BZnO
nanoparticles of leaf extract showed maximum wound healing activity at a concentration of 40 pg/ml, with the
maximum activity observed after two weeks of application. The wound contraction activity is attributed to the polar
compounds present in the ethanolic and water extracts of the plant. The study highlights the potential of S. cumini leaf
extracts and BZnO nanoparticles for wound healing applications, and their value for advanced studies in various branches
of science.
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