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Abstract | The conversion of regular pumpkin seed oil into a nanotechnology-driven composition involves encap-
sulating Lidocaine within the phytosome structure of the oil. This process aims to bolster its physical resilience and
therapeutic advantages while mitigating potential adverse reactions. The central objective of this research centers on
assessing the curative impacts of the innovative Nano phytosome pumpkin-lidocaine gel in the context of third-degree
burn wound healing. The reformulation of standard pumpkin seed oil involved the encapsulation of conventional Li-
docaine within a phytosome structure, resulting in the formation of nanoparticles. This modification was undertaken to
enhance both the physical stability of the oil and the therapeutic properties of pumpkin seed oil, while simultaneously
mitigating the potential side effects associated with Lidocaine. Evaluation of the therapeutic effect of Nano phytosome

smpkin-idocsine €1 01 the healing of third burn wounds. Twenty-five,10 to 18-week- old ,white male and female adult rab-

its weighting 2.5-3 kg divided to5 groups (n=5) as following negative control group, positive control group, ordinary
pumpkin seed oil group, Nano phytosome . .. . 100% gel group, and Nano phytosome . 100% gel group.
'The Nano phytosome | . ... . gelata concentration of 100% and the Nano phytosome | .. gelata concentration
of 100% showed a significant entrapment % and loaded efficiency%, entrapment % were 95.2 + 9.41, and 87.32 =
8.1 respectively, while loaded efficiency% were 86.84 + 7.77, and 79.40+ 3.72 respectively. As well as, both the Nano
phytosome . 1. &€l at a concentration of 100% and the Nano phytosome .. gel at a concentration of 100%
revealed a significant closure rate of 0.216+0.05,and 0.215 +0.03 mm/day respectiveiy, compared to ordinary pumpkin
seed oil treated group, and both positive and negative control group. From this study concluded the pumpkin seed oil
loaded with Nano phytosome . .. . demonstrated good physical stability, reducing the crystal nature of active
extract substances, with good entrapment% and loaded efhiciency %, and improving the wound healing of burn wound.

Keywords | Pumpkin seed oil, lidocaine, Phytosome, Nanotechnology, Burn wound, herbal medicine, antioxidants and
biochemical indices.
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INTRODUCTION America, Europe, and Asia (Hancock, 2023). It known as
“Kraa”, belongs to the family Cucurbitaceae (Prommaban
he pumpkin plant originated in northern Mexico, Ar- e/ al., 2021). Pumpkin seeds, recognized as functional food

gentina, and Chile and has been spread to Western by-products, contain a range of biologically active compo-
nents, including flavonoids, phenolics, carotenoids, fatty
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acids, tocopherol, as well as vitamins like E and minerals

(Hussain ez al., 2021).

Nanotechnology is the use of science to enhance the ef-
fectiveness of medicine, with applications across biology,
physics, chemistry, biotechnology, pharmaceuticals, and
engineering. Nano, meaning “dwarf” in Greek, involves
particles ranging from 1 to 100 nm in size (Demir, 2020;
Hasan and Raheem, 2021). Phytosome, an advanced drug
delivery system, is an evolved form of liposome parti-
cles and herbal formulation, it comprises phytoconstitu-
ents from plant extracts enclosed by a lipid layer (IMah-
moudabad ¢z al., 2023; Eftekhari ez al., 2023). This system
heightens the bioavailability of water-soluble phytocon-
stituents by enveloping them with phospholipids, leading
to improved absorption in the intestinal lumen through
simple diftusion. Consequently, it extends the drug’s action
duration and enhances its delivery to target tissues (Yadav
et al., 2010; Pawar and Bhangale, 2015). Phytosome for-
mulation reduces herb extract toxicity; it counteracts the
side effects of high-concentration herbs with equivalent
amounts of phytosomes carrying the same extract. This
reduces first-pass metabolism, resulting in decreased drug
clearance and an extended half-life (t1/2) (Ghanbarzadeh
et al., 2016; Singh ez al., 2018). Burns, a severe form of
trauma, can be caused by various sources, approximately
80% of burns stem from heat sources like hot liquids, sol-
ids, or fire, they are categorized into four degrees based on
severity and depth: first-degree, second-degree, third-de-
gree, and fourth-degree burns (Jeschke ez a/., 2020b). This
present study aimed to transform pumpkin seed oil into
a nanotechnology-based composition with encapsulated
Lidocaine to enhance stability and therapeutic properties
while minimizing side effects, and improving physical sta-
bility and enhanced entrapment efficiency. As well as eval-
uating the therapeutic efficacy of Nano phytosome pump-
kin-lidocaine gel for healing third-degree burns.

MATERIALS AND METHODS

EXPERIMENTAL ANIMALS

10 to 18-week- old ,white male and female adult rabbits
weighting 2.5-3 kg the rabbit were given two weeks to
adapt during which they were provided ad libitum access
to food and water.

INsTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(Iacuc)

Prior to conducting any experiment, the methodology and
protocols used in this research were reviewed and endorsed
in accordance with animal welfare ethical measurements
by the Scientific Committee of the Department of
Physiology, Biochemistry, Pharmacology, and Toxicology,
College of Veterinary Medicine, University of Tikrit,
and the Ethics Committee of the College of Veterinary

Medicine, University of Tikrit, Salah Aldin— Iraq
(IACUC#:.1285-18-7).

ANIMAL GROUPING

Twenty-five rabbits divided into 5 groups (n=5); each
group treated separately as following:

First group: negative control rabbits leave without treat-
ment. Second group: positive control rabbits treated with
empty liposome. Third group: rabbits treated with ordinary
pumpkin seed oil. Fourth group: rabbits treated with Nano
phytosome o iine 100% gel. Fifth group: rabbits
treated with Nano phytosome . 100% gel.

PREPARATION OF NANO PHYTOSOME PUMPKIN SEED
Cholesterol 0.5g, phosphatide choline 0.5g dissolved in
mixed organic solvent chloroform 15 ml, methanol. The
mixture was vortexed with a vacuum for 15 minutes, then
incubated in a water bath at 40 °C; the mixture was vortex
and vacuumed for 20 minutes (Ghanbarzadeh ez a/.,2016).
'The blank liposome was created and then incubated in a
water bath at 40 °C for 5 minutes, 1 ml of pumpkin seed
oil was mixed and vortexed for 2 hours, then removing the
supernatant, the phytosome was formed (Lu ez a/.,2019).

NaANO PuyTosoME PUMPKIN SEED ENCAPSULATED
LipocAINE

The Nano phytosome pumpkin seed was incubated in
a water bath at 40 °C for 15 minutes. Lidocaine 0.5ml
(0.2%) was added to pumpkin seed Nano phytosome 1 gm,
then vortex for 1 hour, remove the supernatant, pumpkin
seed Nano phytosome encapsulated Lidocaine was formed

(Franz-Montan ez al., 2015).

ENTRAPMENT EFFICIENCY PROCEDURE

'The entrapment eﬂﬁicwngy of Nano phytosqme Pupkin-idocgine
was measured by centrifugation by centrifugation tech-
nique. 'The Nano ph}.rtosome Pumpkin lidocaine WAS se.parated in
the high-speed centrifuge at 4000 rpm for 30 minutes. The
sediment was separated from the supernatant. Sediment
dissolved in methanol 10 ml, then centrifugation at 4000
rpm for 30 minutes. The entrapment percentage was calcu-

lated by the following equation (Hulla e a/., 2015).

Entrapment efficiency % = (Entrapped drug /Total drug)
x100

NANO PHYTOSOME Loapep IN THE

GEL

'The gel was made by dissolving 0.125 g of Carbopol in 3
ml of pure distilled water for prepared the gel phase. The
acidic component of the gel was then buffered by 1 ml of
NaOH 0.1N, which was thoroughly manually blended un-
til being appeared thick and clear. Lastly, the gel was heated

PuMPKIN-LIDOCAINE
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for 15 minutes to remove air bubbles (Al-Shati and Ibra-
him, 2019). The prepared phytosome was mixed with gel,
and 100 mg of Nano phytosome ,, . . .. Was mixed
with gel 100 mg, to achieve a concentration of 100%.

NaNoO PHYTOSOME |, | STANDARDIZATION
UMPKIN-LIDOCAINE

LiGHT MICROSCOPE

The light microscope use the visible light to explore the

specimen details such as; size and shape, but its ability to

resolve very small structures is limited by the wavelength of
visible light (Bibi ez a/., 2011).

'The phytosome smear was made; 50 pl of phytosome sus-
pension was examined under the light microscope with
an optical filter at an oil immersion magnification scale to
characterize the phytosome shape and size. The examina-
tion was performed on both Nano phytosome pumpkin
and Nano phytosome-pumpkin-lidocaine.

ELECTRON MICROSCOPE (SCAN AND TRANSMISSION)
'The fundamental principle underlying the electron micro-
scope is akin to that of a light microscope. However, in
contrast to utilizing visible light, it employs high-energy
electrons as its illumination source (Peddie ez a/., 2022).
Since the specimen interacts with the electron beam, yield-
ing valuable information regarding the phytosome’s size,
shape, crystalline structure, transmission for lamellar, and
composition (Placzek and Kosela, 2016).

'The Nano phytosome .. .. . samples were stored at
deep freezing -18°C following packing in sealed Eppen-
dorf tubes. Scanning and transmitted micrographs con-
ducted by (AL-KAK) applied research laboratory submit-

ted to Kashan University in Iran.

X-Ray D1rrrACTION (XRD)

XRD was used to analyze the crystallographic structure of
Nano phytosome . .. .. and ordinary pumpkin seed
oil and ordinary lidocaine using an X-ray diffractometer (2

to 40°C) (Udapurkar ez 4/, 2018).

ZETA POTENTIAL

zeta potential was used to assess the stability of a disper-
sion of Nano phytosome . .. . Nanoparticles (Baba-
zadeh ez al., 2018).

INpuCcTION BURN WOUNDS

First, according to the ethical fact, the rabbits were eutha-
nized by infiltration general anesthesia. Clipped electrical
shaver machine and shaved the rabbit’s dorsal region with a
shaver machine and the prepared area was disinfected with
alcohol 70% of the skin was labeled 0.8 cm, at Para-Med-
line labeled skin area and removed skin layers, burned by
pressing the copper tip of an electric soldering tool heated
rated to 95 °C and applied for 1 minute to burn wound
skin and below to create identical burn wounds, This tech-
nique was done to prevent reaching the muscle layer under

the skin layers (Giles ez a/., 2008).

TIMELINE ANALYSIS OF BURN WouNDs HEALING
'The morphological analysis of new tissue formation was
performed at a specific time-point of healing. The closure
indices were estimated using three altered parameters as
follows:

*  Closure rate: the wound closure area per unit time
throughout the total growth phase (Jabbar and
Al-Bayati, 2022).

Intial wound area — final wound area
intial wound area
Time (days)

1—

Closure rate =

e /% of wound healing: the half-life of closure
wound area time in the treated group

q Ar
tl% closure = —:where Dc=—
De At

#= half-life, q= the intercept, Dc= rate of continuous lin-
ear healing, AA= alteration in the perceived burn wound
area between two measurements, At: The time between two
specific measurements consecutively

RESULTS AND DISCUSSION

RESULTS

ENTRAPMENT %, AND LoOADED EFFrICIENCY % OF

PREPARED PHYTOSOME

Table (1) showed the entrapment % of Nano phytosome
i tidocine A1 Nano phytosome were 95.2 + 9.41,

pump n-lidocaine ump n

and 87.32 + 8.1 respectively, while foaded efficiency% were

86.84 + 7.77,and 79.40+ 3.72 respectively.

Table 1: Entrapment%, loaded efficiency%, and Nano size
of phytosome.

Phytosome types Entrapment loaded Nano size
% efficiency nm
%
Nano physiome  95.2 + 86.84 + 79.31 «
T 9.41a 7.77 a 7.20
Nano phytosome 87.32 = 79.40+ 71.48 +

o 8.1b 3.72b 2.24b
fhe data presented mean * SE n=5,The different letters denoted
(p=<0.05) between types of phytosome.

STANDARDIZATION AND CHARACTERIZATION OF

NANO PHYTOSOME.

Light microscope and electron micrograph: Fig (1) A
and B of the light microscope displayed the primary for-
mation of Nano vesicular shapes of phytosome in each
loaded pumpkin seed oil Fig (1) A and pumpkin seed oil
with lidocaine formula Fig (1) B. The Nano phytosome
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pumpkin-lidocaine was examined by scanning electron
microscopy (SEM) to determine the phytosome size and
spherical shapes distributed homogeneously over a granu-
lation surface representing the Nano phytosome pumpkin
particles loaded with lidocaine in the core of the phyto-
some Fig (2) C,D and E. While Fig (2) A and B showed
the transmission electron microscope (TEM) presented
the regular distribution of the multilamellar phytosome.
Table (1) showed the size of the Nano pumpkin phyto-
some loading lidocaine and Nano phytosome pumpkin.

B . g

Figure 1: Light microscope of Nano phytosome ..

A, Nano phytosome ... B, the arrow denoted to
. PUan.kl\'l*]]dOC«ll\'.lC

Nano formation and their creation

shows

Figure 2: Electron microscope scan and

transmission of Nano phytosome Ciidocine » WheTe
A A Pump -1 OCdln.C

(A&B) are the transmission modes, the white arrows

indicate multilamellar vesicles, where C, D, and D are the

scan mode and the white arrows indicate spherical shapes

in different sizes.

X-Ray DirrracTiON (X-RD)

'The crystal structure and particle size of prepared crystal-
line Nanomaterials are determined using the nondestruc-
tive method known as XRD. The XRD analysis of ordinary
Pumpkin seed oil (PSO) and ordinary lidocaine showed
diffraction peaks of different intensities and high in the
spectrum, and this is due to the higher crystallinity na-
ture of lidocaine and some of PSO’s active compounds. The
main diffraction peaks of ordinary pumpkin seed oil are

20 =17.63°, 19.94°, 21.59°, 31.45°, 35.92°, 47.11°, 56.15°,
64.55°, and 67.60° while the main peaks of lidocaine are
20 =23.129, 40.938, 44.432, and 73.958 Fig(3). It was ob-
served that most of the distinctive main diffraction peaks
of pumpkin seed oil and lidocaine disappeared from the
diffractogram pattern of Nano phytosome pumpkin-li-
docaine as compared with ordinary pumpkin seed oil
(PSO) and lidocaine, moreover, PSO showed a decrease
in the width of the peak diffraction at the range (20
=17.63°-21.59°) Fig(3).

kll".'-"m Conventional lidocaine

W, Ordinary PSO

AN\ e I

Figure 3: X-ray diftraction of ordinary lidocaine, Nano
phytosome pumpkin-lidocaine, and oddinary pumpkin
seed oil respectively. Red arrows indicated the diffraction
spectrum of lidocaine while black arrows indicated the dif-
fraction spectrum of pumpkin seed oil

ZETA POTENTIAL

'The zeta potential was used to clarify and identify the ag-
gregation of Nano phytosome | . ..., due to their
small sizes and wide surface area. Fig(4) showed the zeta
potential of ordinary pumpkin seed oil, ordinary lidocaine,
and Nano phytosome were -52.3, -56.4, and
-68.3 mV respectively.

pumpkin-lidocaine

CLoSURE RATE AND CLOSURE T %2 OF BurRN WoOUND
HEALING

In general, the wounds treated with Nano phytosome dis-
played a significantly (p<0.05) faster closure rate per unit
time than negative and positive control groups. The Nano
phytosome . i ime g€l 100% and The Nano phyto-
some ... gel showed significant (p<0.05) fast values of
closure rates 0.216=0.05 and 0.215+0.03 mm/day, respec-
tively as shown in Table (2) and Fig (5&6). On the oth-
er hand, negative & positive control groups, and ordinary
pumpkin seed oil treated revealed delayed closure rates
of 0.021x0.002, 0.023+0.002, and 0.028+0.009 mm/day,
respectively Table (2). while the closure #% of the Nano
phytosome . . gel and Nano phytosome ..
gel treated groups showed a significant (p<0.05) decrease
in time values. as compared with both -ve &+ve control
groups, and ordinary pumpkin seed oil treated group
20.4+1.7,20.03+2.1, and 18.5+1.1 days, respectively Fig(5
& 6) and Table (2).
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Figure 4: Zeta potential distributions curve of ordinary
PSO, ordinary lidocaine , and Nano phytosome

pumpkin-

lidocaine

Days -yecontrol +ye control OPSE

Nano PPLG 100% Nano PPG 100%

—lcm

Figure 5: photograph of kinetic profile of burn wound heal-
ing (0.8mm) during phases of healing during 40 days and
the improvement of closure mentioned in different types
of treatment of pumpkin Nano formulated pharmaceutics.

-ve control= negative control
+ve control= positive control
OPSE= ordinary pumpkin seed extract(oil)
Nano PPLG= Nano phytosome

Nano PPG= Nano phytosome

pumpkin-lidocaine gel

pumpkin ge

m Con-
m Con+
m OPS0
mm MNano PP G100%
m Nano PP G100%

Closure £(':)

El

Figure 6: Closure rate and Closure t (%2)

B Con-
B Con+
m OPSO
B Hano PPL G100%
B Nano PPG100%

Table 2: Displays the closure rate in millimeters per day
and the time required for half-closure (designated as
“Closure t (¥2) day”) for both the control group and the

group receiving treatment throughout 40 days focused on

burn wound healing.

Groups Closure rate  Closure #
mm/day (%2) day

Negative Control 0.021+0.002¢  20.4+1.7 d
Positive Control 0.023+0.002d  20.03+2.1d
Ordinary pumpkin seed oil 0.028+0.009c  18.5+1.1¢
Nano phytosome | .\ ... 0.21620.05a  83+1.1b
G 100%
Nano phytosome . G 0.215 £0.03b  9.1+1.13 a
100%

DISCUSSION

ENTRAPMENT %, AND LoADED EFrriciEncy% OF

PREPARED PHYTOSOME

The entrapment efficiency serves as a metric to quanti-
fy the proportion of pumpkin seed oil (PSO) and lido-
caine effectively encapsulated within the Nano phytosome
structure. Optimal encapsulation was achieved by forming
phytosomes at a 1:2 ratio of phosphatidylcholine (0.5) to
pumpkin seed oil (1). This ratio facilitated the creation of
electric hydrogen bonds within the polar region of phos-
phatidylcholine molecules, resulting in an enhanced en-
trapment efficiency of the pumpkin phytosome, measured
at 87.3% = 8.1. Simultaneously, it allowed for the success-
ful encapsulation of lidocaine within the inner hydropho-
bic core, achieving an entrapment efficiency of 95.2% + 9,
consistent with the findings of Azeez ez al. (2018).

It is important to note that several factors influence the
effectiveness of drug encapsulation in phytosomes. These
factors encompass characteristics related to both the phy-
tosomes themselves and the drugs intended for encapsula-
tion. Key phytosome-related factors include the prepara-
tion process, hydration duration, vesicle lamellarity, solvent
properties (including solubility level and pH), membrane
rigidity, phospholipid concentration, buffer composition,
vesicle size, surface charge, and the nature of the drugs to
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be encapsulated, be they hydrophilic or lipophilic. These
parameters collectively impact the entrapment efficiency
of phytosomes, as highlighted by the studies of Lertsutthi-
wong et al. (2008) and Allawi and Al-Bayati (2020).

LigHT MICROSCOPE AND ELECTRON MICROGRAPH

Pumpkin seed oil contains polyphenols, which feature
two phenolic hydroxyl groups. These hydroxyl groups bind
with the polar choline head of PC, while the lipophilic and
nonpolar phosphatidyl group envelops the choline-hy-
droxyl complex. This unique arrangement results in various
charges due to the positive charge of the choline ammoni-
um group in pumpkin seed polyphenols and the negative
charge of the phosphate group. This phenomenon leads to
the formation of small spherical particles resembling cells

(Ghanbarzadeh ez al., 2016; Chen ez al., 2022).

Several factors have the potential to influence the mor-
phology and configuration of phytosomes. These factors
include preparation conditions and time for formation
(timely formation being crucial), temperature optimization
for enhanced phospholipid binding, the specific medium
used for hydration-dehydration, and the exclusive involve-
ment of methanol and chloroform as primary solvents for
the formation of large multilamellar Nano formulations.
Additionally, the lamellarity of Nano phytosome pump-
kin-lidocaine with multilamellar vesicle shape was ob-
served. To achieve multilamellar and stable Nano phyto-
some formulations, phosphatidylcholine to pumpkin seed
oil ratio of 1:2 was selected due to the establishment of
electric hydrogen bonds between phosphatidylcholine and
pumpkin seed oil, following findings by Saha ez a/. (2013).
Furthermore, temperature and hydration conditions were

presumed to impact phytosome lamellarity, as suggested by
Gaikwad ez a/. (2021).

X-Ray Di1rrracTioN (X-RD)

'The X-ray diffraction (XRD) profile provides valuable in-
sights into the structural characteristics of Nano phytosome
pumpkin-lidocaine. Notably, it reveals the amorphous na-
ture of both pumpkin seed oil (PSO) and lidocaine when
encapsulated within the Nano phytosome structure. This is
evident in the broadening of the peak signals observed in
the XRD pattern. The loss of well-defined peaks for PSO,
along with the reduction in their peak width, suggests the
formation of a network involving interconnected carbon
atoms between the active compounds and phosphatidyl-

choline within the Nano phytosome (Ghanbarzadeh ez a/.,
2016).

Interestingly, the XRD analysis of Nano phytosome
pumpkin-lidocaine exhibited a noteworthy feature—the
presence of a significant peak associated with the extract.
However, this peak had a lower diffraction intensity com-
pared to ordinary PSO. This observation implies that the
interaction between phosphatidylcholine and certain active
compounds from the extract may have influenced the de-

gree of crystallinity and intensity within the Nano phyto-
some, as previously suggested (Pourhojat ez /., 2017). This
suggests that the PSO loaded in the phytosome structure
may have undergone partial recrystallization, resulting in
less orderly crystal formation.

Furthermore, the X-ray diffraction spectrum of the load-
ed lidocaine within Nano phytosome pumpkin-lidocaine
displayed considerably weaker diffraction signals com-
pared to ordinary lidocaine. This observation suggests that
lidocaine, when encapsulated in the phytosome, assumed
a less crystalline structure, aligning with previous findings
(Jabbar and Al-Bayati, 2022). This implies that lidocaine
within the Nano phytosome is more evenly and consis-
tently distributed within the lipid core at a molecular level,
contributing to its reduced crystallinity

ZETA POTENTIAL

The zeta potential of nanoparticles is a critical parameter
influenced by the chemical nature of stabilizing agents and
the pH of the surrounding medium (Lertsutthiwong ez a/.,
2008). In the case of Nano phytosome pumpkin-lidocaine,
the measured zeta potential value was -68.3 mV. This value
suggests that the combination of pumpkin seed oil (PSO)
and lidocaine contributes to a high zeta potential, likely
due to an increased number of carboxyl groups. These car-
boxyl groups have a direct impact on both the size and
the negative charge of the nanoparticles (Hatanaka ez a/,
2010).

The shift towards a negative zeta potential value can be
attributed to the incorporation of PSO into the phospha-
tidylcholine structure. This shift results in a significant in-
crease in the electrostatic repulsion forces between neg-
atively charged particles, eftectively preventing particle
aggregation. Consequently, this contributes to the excep-
tional stability of the phytosome and enhances its ability
to penetrate the skin (Mora-Huertas ez a/., 2010; EI-Men-
shawe ez al., 2018).

Documents noted that other studies have suggested that
liposomes loaded with lidocaine, possessing a zeta poten-
tial of less than 20 mV, can enhance system stability, reduce
the tendency of lidocaine nanoparticles to aggregate, and
result in a more controlled release of lidocaine. These find-
ings align with the results obtained in our zeta potential

analysis (Jabbar and Al-Bayati, 2022).

CLoSURE RATE, AND CLOSURET %2 OF BuRN WOUND
Numerous studies have documented the positive impact
of pumpkin seed oil (PSO) on wound healing, particular-
ly in accelerating the initial stages of the process (Rezk
et al., 2023). The mechanisms through which PSO facili-
tates wound healing when applied topically are multifac-
eted. These mechanisms likely involve its potent antioxi-
dant activity, anti-inflammatory properties, promotion of
re-epithelialization, stimulation of fibroblast differentia-
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tion and migration, up-regulation of growth factors such
as TGF-beta, neovascularization, promotion of collagen
synthesis, wound shrinkage, and tissue remodeling (Fahmi
et al., 2014; Patel and Rauf, 2017).

One noteworthy component of PSO is its high content of
linoleic acid, which serves as the precursor to arachidon-
ic acid (Siano e# al., 2016). Arachidonic acid is a primary
polyunsaturated fatty acid found in the skin and plays a
pivotal role in modulating and expediting the inflammato-
ry process, it achieves this by generating key inflammatory
mediators like leukotrienes, thromboxane, and prostaglan-
dins. These mediators, in turn, enhance wound healing by
facilitating local neovascularization, fibroblast differentia-
tion, cellular migration, and extracellular matrix remodel-

ing (Bardaa ez a/.,2016b).

Moreover, the antioxidant properties of PSO likely con-
tribute to wound healing by safeguarding cells against
damage, increasing vascularity, and strengthening collagen
fibers (Kaur 7 a/.,2019). PSO may further enhance wound
healing by stimulating and increasing fibroblast formation,
migration, and mitogenesis during the proliferation phase.
Consequently, as fibroblasts increase, there is a correspond-
ing rise in collagen deposition within the dermis, particu-

larly collagen types I and II (Al Chalabi ez a/., 2021).

PSO may expedite wound closure by promoting re-epi-
thelization through the elevation of growth factors such
as Keratinocyte Growth Factor (KGF) and interleukin-6
(Bardaa ef al., 2016). When PSO is formulated into
nanoparticles, it appears to intensify its therapeutic effects,
achieving comparable results to those obtained with con-
ventional PSO. This enhancement could be attributed to
the small size of nanoparticles, which facilitates deeper
penetration into the skin with increased permeability, tar-
geting the active site and enabling a higher concentration
(Susilawati ez al., 2021).

Additionally, the incorporation of lidocaine into the core
of the phytosome structure provides a sedative effect and
offers short-term relief from itching during the treatment
period. This, in turn, contributes to improved wound heal-
ing and reduces the frequency of dressing changes (Jabbar
and Al-Bayati, 2022).

CONCLUSIONS AND
RECOMMENDATIONS

Reformulated the pumpkin seed oil to Nano phytosome
pumpki idocine demonstrated g.ood physical stability, Red.uc—
ing the crystal nature of active extract substances and im-
proving the entrapment efficiency %. The Nano phytosome
pumpkin-lidocaine gfel 100% and Narllo phytosor_ne.Pufn i 2e1 100%
showed significant acceleration and diminished closure
rate and closure t % of the burned wound as compared

with ordinary pumpkin oil treated group and both positive,
and negative control groups.

Application of the formula to humans and large animals
for burned wounds, as well as can be used for recovery
during the remodeling phase in different degrees of exter-
nal wound
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