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Abstract

Pravastatin sodium (PVS) is a hypolipidemic drug with poor oral bioavailability due to the first-pass effect. Therefore, this
study aims to formulate and evaluate transdermal patches containing PVS-loaded nanoemulsions (PVS-NEs) to increase
PVS’s hypolipidemic and hepatoprotective activities. PVS-NEs were prepared using the aqueous titration method, where oleic
acid was chosen as an oil phase, and span 80 and tween 80 were used as surfactant and cosurfactant respectively. Droplet size
(DS), polydispersity index (PDI), zeta potential (ZP), clarity, and thermodynamic stability of NEs were all characterized.
Also, PVS-NEs (NE2) with 50% oil phase, 40% SC mix 2:1, and 10% water were selected as an optimum formula based on
the results of DS (251 16), PDI (0.4 +£0.16), and ZP (-70+ 10.4) to be incorporated into a transdermal patch, and PVS-
NE?2 loaded transdermal patches (PVS-NE2-TDPs) were prepared by solvent evaporation method. F1 patch with HPMC
E15 and PVP K30 in a ratio of 3:1 represented satisfactory patch properties with good drug-excipients compatibility. Thus,
it was selected as an optimum patch formula. The optimized F1 patch was characterized for thickness, moisture content,
weight variation, and drug-excipients incompatibility. Therefore, it was subjected to ex vivo skin permeation and finally
pharmacodynamic studies. Ex vivo permeation studies of F1 revealed that the cumulative amount of PVS permeated across
rat skin was 271.66 + 19 ug/cm? in 72 h, and the pharmacodynamic studies demonstrated that the F1 patch was more effective
in treating hyperlipidemia than PVS-TDP (control patch) based on both blood analysis and histopathological examination.
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Introduction sodium (PVS) is one of the statins that inhibits the pre-

vious enzyme [4]. PVS is a hydrophilic, ring-opened,

Hyperlipidemia is described as an abnormally high level
of lipids and lipoproteins in the blood [1]. High levels
of low-density lipoprotein cholesterol (LDL-C) are con-
nected to the formation of atherosclerotic plaque [2]. The
most popular lipid-lowering medications are statins, which
are designed specifically to lower plasma cholesterol and
lipoprotein levels by inhibiting 3- hydroxy-3-methylglu-
taryl coenzyme A (HMG-CoA) reductase [3]. Pravastatin
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dihydroxy acid with a 6" -hydroxyl group [5]. It has been
recognized that PVS has an effective antitumor activity
in liver cancer and also has an effective role in wound
healing [6—8]. PVS administration via the oral route has
limitations, such as a short elimination half-life, consider-
able first-pass metabolism, and instability at stomach pH,
which resulted in poor oral bioavailability (17%) [9]. Both
submicron emulsion and water-in-oil nanoemulsion are
colloidal dispersions that can be used to encapsulate and
deliver many hydrophilic drugs [10]. Most studies have
claimed that NEs are transparent, kinetically stable sys-
tems with a typical droplet size range of 10-500 nm [11,
12]. Different nanocarriers which include NEs have been
used nowadays for different statins to enhance their effect
[13, 14]. Formulation of NEs has several benefits, includ-
ing the administration of biological and therapeutic sub-
stances. NEs help to protect drugs which are susceptible
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to oxidation or hydrolysis in addition to give prolonged
action of the drugs [15]. Water in oil (w/0) NEs is more
effectively formulated with a mixture of surfactants than
with just one, especially those of the nonionic type, such
as spans and tweens. The oil phases that commonly used
in NE preparation are fatty acids, such as oleic acid, esters
of fatty acids and alcohols, such as isopropyl myristate,
isopropyl palmitate, and ethyl oleate, medium chain tri-
glycerides, triacetin, and terpenes, such as limonene and
cineole, are all often utilized oil phase components [16].
In the present study oleic acid was selected as an oil phase
in NEs preparation as it has the ability to increase the
penetration through the intact skin layer [17]. Oleic acid
may synergize the hypolipidemic effect of PVS and reduce
the risk of cardiovascular diseases [18]. In transdermal
drug delivery systems (TDDs), micro emulsion (ME) and
NEs formulations are promising strategies [15]. Since the
dermis has a rich blood supply that makes it easier for the
drug to enter systemic circulation directly, TDDs are inten-
sively researched as a smart route for drug administration
[19, 20]. Based on what was mentioned above, this study’s
purpose was to formulate PVS-NEs-TDPs as an alterna-
tive to the oral route to avoid its disadvantages. Physico-
chemical characteristics, in vitro and ex vivo drug release
will be evaluated. Finally, the pharmacodynamic activity
of the optimum patch formula (F1) will be assessed on
hyperlipidemic-induced animals.

Materials and Methods
Materials

Pravastatin sodium (PVS) was supplied by Delta Pharm
Pharmaceutical Co., Cairo, Egypt. Oleic acid was purchased
from LANXESS, Energizing Chemistry, Cologne, Ger-
many. Sorbitan Mono Oleate (Span 80) was purchased from
Oxford Laboratory Chemicals. Polyoxyethylene 20 sorbitan
monooleate (Tween 80) and Polyethylene glycol 400 (PEG)
were obtained from Adwic—EIl-Nasr Pharmaceutical Chem-
icals, Qaliubiya, Egypt. Hydroxypropyl methylcellulose E15
(HPMC, 15MPa.s) and Polyvinylpyrrolidone (PVP) with a
molecular weight 44.000 Da (PVP K30) were supplied by
Eipico pharmaceutical company, Egypt. Eudragit RS100 and
Eudragit RL100 were obtained from Evonik Pharmaceutical
Company, Germany. Poloxamer 407 was purchased from
BASF SE, Germany. HPLC grade methanol, Dimethyl sul-
foxide (DMSO), and dichloromethane were obtained from
Fischer Scientific UK. Diamond Diagnostics, Holliston MA,
USA provided the kits for the examination of albumin and
liver enzymes. Lipid profile assay kits were obtained from
Spinreact company in Spain.
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Preparation of Nanoemulsion (NEs)
Selection of Qils, Surfactants, and Cosurfactant

Different oils (Oleic acid, Caster, Soybean, Capryol 90, and
Maisine), as well as various surfactants and cosurfactants
(Span 80, Tween 80, and Labrafile ML 1944), were used to
measure the PVS saturation solubility [21]. An excess amount
of PVS (50 mg) was added to 2 ml of the solvent and shaken
continuously for 72 h at 25 + 1°C in separate stoppered vials
to get equilibrium using a thermostatically controlled agitating
water bath (Grant Instrument, Cambridge Ltd., UK). After
that, the vials were taken out and centrifuged for 20 min at
5000 rpm. The supernatant was filtered using a membrane
filter (0.45um). Solubility was determined by UV spectropho-
tometer (SpectroUV-VIS double beam, Labomed Inc.USA) at
Amax 238 nm after appropriate dilution with methanol. The oil,
surfactant, and co-surfactant in which PVS was highly soluble
were selected for further study.

Construction of Phase Diagram

For the creation of pseudo-ternary systems, oleic acid, span
80, and tween 80 was chosen as a surfactant, and cosurfactant
oil phase respectively based on the results of solubility studies.
Accordingly, three combinations of the two substances were
created (1:1, 2:1, and 3:1 v/v) by combining different ratios of
the surfactant (span 80) and cosurfactant (tween 80). The three
surfactant co-surfactant mixtures (SC mix) were evaluated
visually for clarity, miscibility, and ease of flow. To prepare
the SC mix they were mixed at the desired ratio and allowed
to equilibrate overnight as previously reported [22]. A precise
amount of oil and SC mix were mixed at room temperature
using a magnetic stirrer at 800 rpm (Magnetic stirrers, Ther-
molyne Corporation, Dubuque Iowa, USA), then water was
added dropwise (50 pl per 5 min), and the mixture was visually
examined for clarity and transparency after 24 h. Titration with
the aqueous phase was continuous until the mixture became
turbid. The oil and SC mix were mixed in ratios of 1:9, 2:8,
3:7,4:6, 5:5, 6:4, 7:3, 8:2 and 9:1 respectively. NE zone was
drawn for each phase diagram, and the larger the area, the more
effective the self-nanoemulsification [23].

Preparation of PVS-NEs

Three formulations of PVS- NEs (NE1, NE2, and NE3) were
formulated using 50% v/v of oleic acid, 40% v/v of SC and
10% v/v of water. Initially, both the SC mix and the oil phase
were mixed using a magnetic stirrer at 600 rpm for 5 min.
After that, PVS was dissolved at a consistent concentration
(10 mg/0.2 ml) in the aqueous phase and then added gradually
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to the previous mixture to prepare PVS-NEs using the aque-
ous titration method [24]. Further mixing of the formed NEs
was made by an ultrasonic homogenizer at 60% amplitude for
2 min in an ice bath (Ultrasonic homogenizer, 4710 Series,
Cole-Parmer Instrument Co., Chicago, USA) [25].

Characterization of PVS-NEs
Accelerated Physical Stability Tests

The physical stability of NEs was evaluated using the tech-
niques described by Kaur, R., and M. Ajitha [26], where NEs
were centrifuged for 30 min at 5000 rpm. After that, the for-
mulations were subjected to six heating and cooling cycles
between an oven and a refrigerator, with 48 h of storage at
each temperature. (The oven is Gering type SPA-GELMAN,
Germany). Since no phase separation was observed, we tested
the stable formulations using a freeze—thaw cycle, where for
each formulation, three freeze—thaw cycles between -20°C
and 25°C were performed. The formulation’s creaming, phase
separation, coalescence, and cracking were all evaluated. For
further investigation, the formulation that passed thermody-
namic stability tests was selected for further study.

Determination of Droplet Size (DS), Polydispersity Index
(PDI), and Zeta Potential (ZP)

The DS, PDI, and ZP of NEs droplets were measured by photon
correlation spectroscopy (Malvern Instruments Ltd., Malvern,
Worcestershire, UK). The Samples then were measured after
being diluted with filtered refined oleic acid at a ratio of 1:50
(v/v) and equilibrated for 2 min inside the instrument before
measurement to prevent multiple scattering effects as previously
reported by Polychniatou, V. and C. Tzia [27]. Each sample was
measured in triplicate and data were provided as mean=+S.D.

Drug Content

The prepared NEs were dissolved in methanol and then analyzed
spectrophotometrically against the blank solution of NE [15].

Transmission Electron Microscopy (TEM)

The morphology of the optimum NEs (NE2) was checked
by Transmission electron microscope (JEOL JEM -2100,
JEOL Ltd, Tokyo, Japan) after proper dilution with filtered
refined oleic acid [28].

In Vitro Release Studies of PVS from NE2

NE2 was selected as an optimum NE formula according to DS,
PDI, ZP, and drug content. The release of PVS from NE2 was

performed using modified Franz diffusion cells continuously
stirred at 100 rpm at 37°C during the entire experiment in a
GFL shaking, incubator (Gesellschaft fur Labortechnik Burg-
wedel, Germany). The synthetic cellophane membrane that
separated the donor and receptor compartments had a molecu-
lar weight cutoff of 12,000-14000 Dalton. Therefore, two ml
of NE2 was placed over the membrane and 100 ml of phos-
phate buffer PBS (pH 7. 4) was added to the receptor, three ml
samples were taken out and replaced with an equal volume of
fresh buffer at time intervals of 0.5, 1, 2, 3,4, 5,6, 7, 8,24, 48
and 72 h. The withdrawn samples were suitably diluted and
analyzed spectrophotometrically at 238 nm to determine %
drug released [29].

Stability Studies of NE2

Stability studies of the optimized NE2 were conducted by
storing the samples for 3 months at refrigerator tempera-
ture 4 +2°C, at room temperature 25 +2°C, and oven tem-
perature 40 +2°C. After that, the formulation samples were
evaluated for their, DS, PDI, ZP, and drug content at 0, 1, 2,
and 3 months [30]. All tests were done in triplicates.

Preparation of Transdermal Patches (TDPs)

NE2 was selected as an optimum NE formula to be incorpo-
rated into the transdermal patch according to DS, PDI, ZP,
and drug content. Then PVS-NE2-TDPs were prepared by
solvent evaporation method [31]. Compositions of different
formulations are shown in Table I. The selected polymers
at different ratios were precisely weighted and dissolved in
8 ml of dichloromethane and methanol by a ratio of (4:1)
using a magnetic stirrer at 100 rpm for 20 min to form a
clear solution. Then PEG 400 and DMSO were added as a
plasticizer and penetration enhancers respectively to 8 ml
of the optimum PVS-NE2 containing 40 mg of PVS then
added dropwise to the above clear solution stirred at 100
rpm for 1 h to evaporate the organic solvent. The resulting
uniform solution was cast into a glass plate with a diameter
of 7 cm and a total area of 38.5 cm? then dried at room
temperature for 48 h and under vacuum for 2 h. The dried
patches were cut, encased in aluminum foil, and kept in a
desiccator for the next studies. A control patch (Fc) was
prepared with the same procedure using PVS alone.

Physicochemical Evaluation of PVS-NEs-TDPs
Physical Examination

All transdermal patches were visually examined for their
smoothness, clarity, color, flexibility, and homogeneity.
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Tablel Composition of PVS-NE2-TDPs

Formulation Volume of NE2 or the HPMC PVP K30 (mg)° ERS100 (mg)“l ERL100 (mg)® PEG400 (mg)f DMSO (mg)*
equivalent amount of PVS  E15
(mg)* (mg)®

Fl 8 ml of NE2 300 100 - - 120 30

F2 8 ml of NE2 300 - 100 120 30

F3 8 ml of NE2 350 50 120 30

F4 8 ml of NE2 350 50 120 30

F5 8 ml of NE2 300 100 120 30

F6 8 ml of NE2 350 50 120 30

Control patch (Fc) 40 mg PVS 300 100 - - 120 30

*PVS; pravastatin sodium

®HPMC; hydroxy propyl methylcellulose E15
‘PVP K30; Polyvinylpyrrolidone K30
YERS100; Eudragit RS100

°ERL100; Eudragit RL100

'PEG; polyethylene glycol

£DMSO; dimethylsulphoxide

Thickness

The thickness of the whole medicated patches was measured at
five different positions using a micrometer screw gauge (Mitu-
toyo, Japan) [32]. The results were expressed as mean + SD.

Folding Endurance

The test was manually conducted on three different patches
(1 cm? each) and the folding endurance value was cal-
culated by counting how many times the patch could be
folded at the same place without tearing or breaking [33].
The results were then expressed as mean + SD.

Weight Variation

Variation in the weight of medicated patches was calculated
by weighing six individual ones (1cm? each) using Electric
Balance (Zakiady Mechanikr Precyzyjnej Merrwag Gdansk,
Poland). The mean and SD were then calculated [34].

Drug Content Uniformity

Patches (1 cm? each containing 1mg of PVS) were dissolved
in a measuring flask containing 100 ml methanol, and the
content was magnetically stirred for 2 h. The solution was
then filtered and diluted with methanol and then analyzed
spectrophotometrically against a blank solution of plain [35],
and the results were expressed as mean + SD.

@ Springer

Mechanical Properties of F1 Patch

The tensile strength, percent elongation at break, and modulus
of elasticity (Young’s modulus) of both medicated and plain
patches were measured using Universal Testing Machine
(UTM) (Model LRX-plus Lloyd Instruments Ltd. Fareham,
UK). This machine’s sensitivity ranges from 0 to 5,000 N. (500
kg), and there are two loaded cell grips in it, a bottom fixed cell
grip and a top moveable one. These cell grips were positioned
at intervals of 4 cm to approximate the patch length, and strips
of the patch with dimensions of 4 cm length and 2 cm width
were cut and fixed between them, and the measurements were
made at a speed of 50 mm/min. The load placed on the patch
was then automatically raised at a set rate until the patch broke,
and the mechanical characteristics of the F1 patch were esti-
mated using the following equations [36].

Tensile strength (B) = F/A €))

where F is the maximum force required to break the patch
and A is the cross-sectional area of the patch.

The percentage elongation of patches was calculated using
Eq. 2, where Lf is the patch length before breaking, while Li
is the patch's original length:

% Elongation = (Lf — Li)/Li x 100 2)

Young’s modulus (ME) is calculated according to
Eq. 3, Where B is tensile strength and ME is Young’s
modulus:

Lf-L0

B =ME
0 €
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Determination of Moisture Content

All patches were accurately weighed at zero time (initial
weight) and then kept in a desiccator containing anhydrous
calcium chloride after 3 days they were weighed again (final
weight) and % moisture content was calculated based on
Eq. 4 [37].

(Initial Weight —Final weight) X100
Initial weight (4)

% Moisture content =

Drug Excipients Incompatibility
Fourier-Transform Infrared spectroscopy (FT-IR)

FT-IR was used to investigate drug excipients incompat-
ibility between the component of both the optimum NE2
and the optimum patch (F1) using FTIR spectrophotome-
ter (Nicolet iS10, Thermo Fisher Scientific, USA), where
the scanning range was from 500 to 4000 cm™! [38].

In Vitro Release Studies of PVS from PVS-NEs-TDPs

The in vitro release of PVS from the prepared PVS-NE2-
TDPs was conducted using modified Franz cells stirred at
100 rpm at 37°C during the entire experiment in GFL shak-
ing incubator. Then, patches (1 cm? each) containing 1 mg
of PVS were placed over the membrane and the receptor
was filled with 20 ml PBS (pH 7.4). After that, 3 ml samples
were taken out from each cell and replaced with an equal
volume of fresh buffer at time intervals of 0.5, 1, 2, 3, 4, 5,
6,7, 8,24, 48, and 72 h suitably diluted and analyzed spec-
trophotometrically at 238 nm to determine % drug released
using a blank of plains [39]. Each experiment was conducted
in triplicate and SD was calculated.

Ex Vivo Permeation Experiment
Skin Preparation

The rat dorsal skins were shaved, and the subcutaneous fat
was removed, and its integrity was examined before wash-
ing to exclude the damaged parts. Then the freshly excised
skin was soaked in PBS (pH7.4) containing 0.02% sodium
azide as a preservative and kept in the refrigerator (4 +2°C)
overnight just before performing the experiment [40].

Ex Vivo Permeation Study

The skin samples were wisely tied to modified Franz diffu-
sion cells each of 1 cm? diffusion area, so that the stratum
corneum facing the donor compartment while the receptor
compartment was filled with 20 ml PBS (pH 7.4) containing

0.02% sodium azide the sets were stirred at 100 rpm at
37 +0.5°C during the experiment. The prepared patches
each of 1cm? and containing 1 mg of PVS were applied over
the membrane in the donor compartment. At predetermined
time intervals of 0.5, 1,2, 3,4, 5, 6, 7, 8, 24, 48, and 72 h,
3 ml were taken out from the release media and replaced
immediately with the same volume of fresh buffer. The sam-
ples were diluted and analyzed spectrophotometrically at
238 nm to determine % drug released using blank of plains
as previously reported [33]. Each experiment was done in
triplicate and SD was calculated [35].

Kinetics Studies

The release profiles of PVS were analyzed according to
mathematical models, zero-order kinetics [41], first-order
kinetics [42], Higuchi equation [43], and Korsmeyer Peppas
equation to determine the release model that describes PVS
release patterns [44].

Stability Studies of the Optimized F1 Patches

Stability studies of the optimum patch (F1) were conducted
for 6 months at ambient temperature (25 +2°C) and refrig-
erator temperature (4 + 1°C). All patches were encased in
aluminum foil during the study and examined every two
months regarding their physical appearance, in vitro drug
release as well as drug content [45].

In Vivo Studies

The Faculty of Pharmacy Ethics Council for the Care and
Usage of Laboratory Animals at Mansoura University in
Egypt accepted the animal protocol code number (82-2023).
Sprague—Dawley healthy rats (weighing 250-300 gm) were
given a week to acclimatize to the experimental conditions,
such as humidity and temperature, and were fed a standard
rat pellet diet. The animals were kept at room temperature
with unrestricted access to water during the experiment.

Skin Irritation Test

Skin irritation was performed on six healthy rats (weighing
250-300 mg). Where the dorsal surface of rats was shaved
and cleaned well with rectified spirit. F1 patch (3 cm?* each)
was then put on the dorsal surface [46]. The transdermal
patches were removed after 24, 48, and 72 h, and the skin
was examined for edema and erythema. Finally, the rats
were euthanized, and the tested skin areas were separated
for histologic examination using a light microscope (Olym-
pus Tokyo Japan) [47].

@ Springer
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Pharmacodynamic Studies

Pharmacodynamic studies were conducted to compare the
hypolipidemic activities of the F1 patch to those of PVS-
TDP (control patch) and PVS solution according to our pre-
viously published research [48]. In this study, thirty healthy
male rats were divided into five groups with six rats in each

group.

G1 served as the negative control.

G2 served as the positive control (injected with polox-
amer 407 only).

G3 was hyperlipidemic rats treated with free PVS solu-
tion orally (10 mg /kg /day) [46].

G4 was hyperlipidemic rats treated transdermally by a control
patch (Fc) with an area of 3 cm.”. (Contains 3 mg of PVS)
G5 was hyperlipidemic rats treated transdermally by
PVS- NE2 - TDP (F1 patch) with an area of 3 cm?.

Induction of Hyperlipidemia

Before the experiment, rats were fasted overnight with
unrestricted access to water. Then, the lipid profiles were
assessed to rule out rats with hyperlipidemia. Poloxamer
407 solution (1 g/Kg) was administered intraperitoneally in
a single dose to induce hyperlipidemia [49, 50]. The exper-
imental rats' hyperlipidemia was confirmed after 12 h of
poloxamer 407 administration. As a result, the rats received
numerous doses of free PVS solution (10 mg/kg/day) orally
for one week, as well as the equivalent of Fc patch and F1
patch transdermally [46]. Blood samples were withdrawn
3, 4, 5 days, and 1- week after the initiation of treatment to
analyze specific biomarkers.

Collection of Blood and Tissue Samples

Using non-heparinized microhematocrit capillary tubes,
blood samples were taken from each rat’s retro-orbital vein
throughout the treatment period while they were under the
anesthesia of ketamine (12 mg/kg) and xylazine (1 mg/kg)
[51, 52]. After coagulation of blood samples, serum was col-
lected using cooling centrifugation at 3000 rpm for 20 min.
The serum was then stored at -20°C until the in vitro diag-
nostic kits” assay was done.

Histopathological Examination
Rats were euthanized and immediately laparotomized,

and their livers and quadriceps muscles were collected,
prepared, and saved for histological examination in 10%
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buffered formalin [53]. Hematoxylin and eosin (H and E)
were used to visualize sections of the liver and quadri-
ceps muscles under a light microscope after they had been
fixed on slides, deparaffinized, and stained [54].

Statistical Analysis

One-way ANOVA followed by Tukey—Kramer multiple
comparisons and Student’s #-test (un-paired) were performed
for in vitro and in vivo data respectively using Graph Pad
Prism software version 8 (Graph Pad Software, San Diego,
CA, USA). P<0.05 was considered a significant. The results
were presented as mean + SD for in vitro and mean + SEM
for in vivo data.

Results and Discussion
Selection of Oils, Surfactants, and Cosurfactants

The solubility results of PVS in oils, surfactants, and cosur-
factants showed that oleic acid (26 +4) mg/ml, span 80
(16 +£2) mg/ml, and tween 80 (21.5+ 1) mg /ml achieved
the highest solubility of PVS. Therefore, oleic acid, span 80
and tween 80 were chosen as the oil phase, surfactant, and
cosurfactant for NEs preparation respectively.

Construction of Phase Diagram

The three SC mix combinations (span 80: tween 80) (1:1,
2:1, and 3:1v/v) were used to prepare pseudo-ternary sys-
tems of oleic acid, SC mix combination, and water as
illustrated in Fig. 1. A concentration of 50% v/v of oleic
acid, 40% v/v of SC mix combination, and 10% w/w of
water were chosen from the NEs area of the pseudo-ter-
nary diagrams to prepare w /o NE of PVS. These com-
ponents are recognized as safe excipients to the skin as
issued by the FDA [55].

Preparation of PVS-NEs

Three formulations of PVS- NEs (NE1, NE2 and NE3)
were prepared as illustrated in Table II.

Characterization of the Prepared PVS-NEs
Accelerated Physical Stability Tests of NEs
PVS-NEs systems exhibited physical stability during heat-

ing, cooling, freeze—thaw cycles, and centrifugation cycles
as they showed no drug precipitation or phase separation.
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SC mix 3:1°

Water

b oi

Fig. 1 Pseudo-ternary phase diagrams for drug-free nanoemulsion with SC mix values of a 1:1, b 2:1, and ¢ 3:1

Analysis of DS, PDI, and ZP

The average DS of the prepared NEs ranged from 251+ 16
to 385 +20 nm, while the PDI ranged from 0.38 +0.1 to
0.45+0.1 and ZP values ranged from -20+3.6 to -70 + 10.4
mv as shown in Table II. The droplet size appeared to be high
in all formulations. This may be due to the higher solubility
of PVS in oleic acid which increases the PVS amount in the
oil phase and thus increases the size of the droplet. A similar
finding was previously reported [56, 57]. Also, the angular
structure of oleic acid could cause larger particles [58].

Drug Content

The drug content of PVS-NEs ranged from 95+ 2.5 to
100 + 3.8 as shown in Table II which indicated good drug
loading capacity of NEs.

Selection of the Optimized NEs Formula

NE2 was selected as an optimum PVS-NEs formula as it
showed the smallest PS (251 + 16) nm with narrow size

Table Il The Average Droplet Size, PDI, ZP, and Drug Content of PVS-NE2

Code SC Mix ratio (Span  Oleic acid % SC Mix # Water% Average droplet PDI® ZP (mv) ¢ Drug content%
80: Tween 80) ratio % size (nm)

NEI 1:1 50 40 10 310+65 0.38+0.1 -69+20 95+2.5

NE2 2:1 50 40 10 251+16 0.4+.16 -70+10.4 100+3.8

NE3 3:1 50 40 10 385+20 0.45+.1 -20+3.6 97+2.5

Data are represented as mean+SD (n=3)

All system contained 50% oleic acid, 40% SC mix, and 10% distilled water

2SC mix; surfactant co-surfactant mixture
°PDI; polydispersity index
¢ZP; zeta potential
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distribution PDI (0.4 +0.16), the highest ZP (-70+ 10.4)
mv and the highest drug content (100+3.8) %. So NE2 was
selected for further evaluation to be incorporated into TDPs.

Transmission Electron Microscopy (TEM)

The optimum NE2 morphology was examined using TEM
as shown in Fig. 2 which revealed that NE2 droplets were
spherical, dark, and well dispersed similar results were
previously reported [59, 60].

Stability Studies of NE2

During stability studies, DS, PDI, ZP, and drug content were
evaluated at 0, 1, 2, and 3 months in three different temperatures
(Table III). It was found that the optimized NE2 showed no drug
precipitation or phase separation in different temperatures. There
was no significant change (p>0.05) in DS, PDI, ZP, or drug
contents throughout the storage period at refrigerator tempera-
ture (4 +2°C). However, at room temperature (25+2°C), there
was a significant decrease in DS in the third month and a signifi-
cant decrease in ZP starting from the second month. Also, In the
oven temperature (40+2°C), a significant reduction in DS from
the second month and a decrease in ZP from the first month
were observed. The decrease in DS may be due to the nature
of PVS which must be stored at a lower temperature [9, 61]
and the oil droplets that have been fully solubilized in tween 80
micelles for an extended period [56, 62, 63]. This indicated that
lower temperature had a better effect on NE2 stability [25, 57].

Preparation of Transdermal Patches

All patches were prepared by a solvent evaporation method
using dichloromethane and methanol by a ratio of (4:1) as a
solvent for different polymers. The composition of different
patches is overviewed in Table 1.

Fig.2 Transmission electronic
microscopy image of the opti-
mized PVS-NEs formula (NE2)

0.5 um
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Physicochemical Evaluation of the PVS-NEs-TDPs

Visual examination of the prepared patches demonstrated
their smoothness, clarity, flexibility, and homogeneity.
Also, the measured thickness ranged from 0.817 +£0.1mm to
0.89 +0.5 mm, the measured weight ranged from 130 +7mg
to 146 + 6 mg, the measured drug content ranged from
90+ 8% to 98.66 +4.5%, and the measured moisture con-
tent ranged from 10+3% to 11.8 +3%. The Physicochemical
properties of the prepared patches are presented in Table I'V.

Based on physicochemical properties F1 patch which was
prepared using HPMC E15 and PVP K30 in a ratio of 3:1
achieved satisfactory physicochemical properties, so it was
selected as an optimum patch formula for further evaluation
and permeation study.

Mechanical Properties of F1 Patch

F1 patch showed satisfactory tensile strength, % elongation
25 +2.5%, and modulus of elasticity 0.727 +£0.041 (Kg/
cm?). This indicated that F1 patch would preserve its integ-
rity during application on the skin.

The Fourier Transform Infrared Spectroscopy (FT-IR)

Figure 3 depicts FT-IR spectra of the optimized NE2 for-
mula (Fig. 3a) and the optimized F1 patch formula (Fig. 3b).
The distinctive absorption peaks of PVS (Fig. 3I) show
peaks corresponding to hydroxyl bond stretching (O—H) at
3419 cm™!, carboxyl bonds stretching (C =0) at 1727 cm™!
and alkenes stretching (C=C) at 1569 cm™! which are dis-
tinctive peaks of PVS as previously reported by [9, 64, 65].
The spectrum of oleic acid (Fig. 3a. II) shows two sharp
peaks at 2923 and 2856 cm™! which is attributable to stretch-
ing vibrations of the C-H atom, sharp bands at 1710 cm™'
owing to stretching vibration of C =0, and a sharp peak at
1287 cm™! owing to C-O stretching vibration [66]. Besides,

1 um @
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Table Il Storage Stability Temperature (°C) Time Droplet size (nm) PDI? ZP (mv) " Drug content (%)
Data of NE2 at Different
Temperatures 4+2°C zero 253420 0.4+.11 -83x11 100+3
First month 230+22 0.64+0.15 -72.9+7 99+2
Second month 272 +12 0.6+0.15 -69.66+4.5 98+1
Third month 230+ 19 0.61+0.046 -68+2.6 95+1
25+2°C Zero 253+20 0.4+0.16 -83+11 100+2
First month 220.3+10 0.427+0.18 -66+10 96+3
Second month  237.3+25.5 0.2+.15% -55.1+£7.2%  90+2
Third month 126.33 +32* 0.212+0.1%  -54+5.3% 90+1
40+2°C Zero 253 +20 0.4+0.16 -83+11 99+1
First month 222+10 0.09+0.05%  +60.3+9% 90+1
Second month 134 +14* 0.08 £0.05%  +57+8.7% 88+8.88
Third month 144 £61%* 0.44+0.3 +59 +4* 80.6+1.5%

Each value denotes the mean+ SD. The statistical analysis was performed at p <0.05. *Indicates a signifi-

cant difference vs initial
“PDI, poly dispersity index
bZP, zeta potential

the spectrum of span 80 (Fig. 3a.IIl) shows a wide peak at
3420 cm™~! owing to O—H stretching, at 2855 cm™! corre-
sponding to C-H stretching, at 1741 cm™! owing to stretch-
ing of C=0, at 1464, and 1378 cm™! owing to bending of
C-H [67]. Whereas the spectrum of Tween 80 (Fig. 3a. IV)
shows distinctive peaks at 3448 cm™! owing to O-H stretch-
ing, at 2870 cm™! owing to stretching of C-H, at 1738 cm™!
that is attributable to C=O stretching vibration [67].

PVS distinctive peaks disappeared in the spectrum of the
medicated NE2 (Fig. 3a.VI) which confirms the encapsula-
tion of PVS into NEs droplets and the FTIR spectra of PVS,
HPMC E15, PVP K30, the physical mixture of F1, the plain,
and the medicated patches of F1 are illustrated in Fig. 3b.

HPMC spectrum (Fig. 3b.II) exhibits stretching peaks in the
area 3481 cm™! that is assigned to stretching frequency of O-H,
at 2933 cm™! for stretching vibration of C-H, at 1654 cm™! for
stretching of C=C in aromatic ring, and at 1379 cm™" is due to
bending vibration of hydroxyl group as previously reported by [68].

The IR spectrum of PVP K30 (Fig. 3b.III) shows the dis-
tinctive peaks observed at 3455 cm™! which is attributable
to the stretching of O—H and at 1660 cm™! owing to the

stretching of C=0 bending [69, 70]. While the distinctive
absorption band of PVS still appeared in the FTIR spectrum
of the physical mixture (Fig. 3b.IV).

As for plain and medicated patches, their FTIR spec-
trum shows a broad band at 3000-3600 cm™' of free O-H
hydroxyl group and intermolecular/intramolecular hydrogen
bonding between components of the patches.

In Vitro PVS Release from the Optimized NE2
and the Optimized F1 Patch

The % release from the PVS solution was 33.6 +3.5% in
the first 0.5 h and 100% after 4 h Fig. 4a. Whereas, the
PVS % released was 20.66+1.15% and 18+2% in 8 h
which was an initial burst release from the optimized PVS-
NE2 and the optimized F1 patch respectively followed by
a sustained release for 72 h [71]. Also, the % release of
PVS was 63 +2.6% and 51.6 +2.9% from the NE2 and F1
patch respectively throughout 72 h as shown in (Fig. 4a).
The burst release of PVS due to the eroded outer layer of
NE2 and the sustained release may be due to PVS being

Table IV Results of

- ; Patch code  Thickness (mm)  Folding endurance ~ Weight Drug content (%) Moisture
Physicochemical Parameters variation (mg) content (%)
(fold)
F1 0.817+0.1 270+ 10 146+6 98.66+4.5 11.8+3
F2 0.85+0.2 220+20 144+9 90+8 10+£2
F3 0.89+0.5 260+ 10 140+4 95.7+4.5 11.4+3
F4 0.82+0.3 215+30 130+7 95+7 11+£2
F5 0.86+0.4 230+20 143 +8 93+7 10+1
F6 0.85+0.3 235+40 142+6 96+8 11+2
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entrapped in the core of NE2 and the oily phase acting as
a barrier for the hydrophilic drug transport [72, 73].

F1 was selected as an optimum patch formula for incorpo-
ration of PVS-NE2 based on % PVS release from each for-
mula of the prepared TDPs. Figure 4B depicts the % release
of PVS from the different patches that could be arranged as
follows: F1 >F3>F6>F5>F4>F2. The % release of the
prepared six patches was 61 +£2.6%, 48 +2.7%, 45.3+1.5%,
43.7+2%, 41 £ 1% and 36 + 1 respectively. From these
results, we can observe that the % release was found to be
higher for F1 and F3 patches compared to other patches
because they had a higher portion of hydrophilic polymers
(HPMC E15 and PVP K30) as compared to other formula-
tions. This may be due to the dissolution of an aqueous solu-
ble fraction of the polymer matrix leading to minute pores
formation [74, 75]. The same results with hydrophilic poly-
mers were previously reported by [76, 77].

Release Kinetics

Table V illustrates a kinetics analysis of the release data,
where the vitro release data of PVS from the PVS solution

@ Springer
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and the optimized NE2 were fitted with the Higuchi model
as indicated by the highest value of the coefficient of cor-
relation which indicated diffusion-controlled drug release
and the % release of PVS from the F1 patch was best fit-
ted by first order. Korsmeyer- peppas model showed that
the diffusional exponent values for the PVS solution and
PVS-NE2 were 0.469 and 0.484 respectively indicating a
fickian mechanism and 0.51 for the F1 patch which indi-
cates non-fickian mechanism similar results were previ-
ously reported [71, 75].

Ex Vivo Skin Permeation Study

The ex vivo permeation profile of PVS from the F1 patch
is shown in Fig. 4C which demonstrated a gradual rise in
the concentration of PVS within 72 h. F1 achieved a maxi-
mum amount of (271.66 + 19 ug/cm?) permeated across
the stratum corneum (SC) within 72 h, high steady-state
flux (2.5+0.6 ug.cm™2 h™!) and high permeability coeffi-
cient (2.9x 107+ 1.4 cm. h™"). The permeation parameters
of PVS across rat skin from the F1 patch revealed that the
controlled enhancement in cutaneous delivery was made
possible by encapsulating PVS in NE2 and loading it onto
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Fig.4 In vitro release profiles a
of PVS from a PVS solution,
the optimized NE2 and the
optimized F1 b PVS-NE2-TDPs
¢ Ex vivo permeability study

of F1 patch across rat skin and
d In vitro release of PVS from
F1 patch after storage period at
room temperature and e In vitro
release of PVS from F1 patch 0
after storage period in refriger-
ated temperature (4 +2°C)
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TDP. Also, the Kinetic analysis of ex vivo release data of
the optimized F1 was best fitted to the Higuchi model as
R? values 0.957. In addition, a further examination using
the Korsmeyer-peppas model indicated that (n=0.598) non-
fickian diffusion mechanism.

The ex vivo outcomes can be explained by a variety of
methods, such as maintaining close contact between the pol-
ymeric matrix of F1 and SC throughout the application and
increasing the penetration of PVS across the skin. Besides,
the lipophilicity of NEs could improve additional accumula-
tion of PVS in the skin layer and NEs properties including
the nano-sized droplets which provide large surface area,
the presence of oil, and SC mix act as penetration enhanc-
ers [78]. These enhancers can disturb the stratum corneum
barrier, enhance fluidization of the lipid matrix, and increase
hydration to the stratum corneum [20].

T 1 05 T T
60 80 0 40

Time (h)

In vitro release of PVS from F1 patch after storage period
in refrigerator

T 1
60 80

All these factors can occur simultaneously supporting the
results found in this study, which showed that the application
of NEs as a drug carrier could increase the permeability of
hydrophilic drugs [79, 80].

Stability Studies of the Optimized Patch (F1)

At the end of the storage period, there were no changes in
the physical appearance of all patches stored in two different
temperatures and no significant (p > 0.05) change between
formulations that had been stored in a refrigerator and those
that had been freshly prepared, except for a considerable
reduction in % release at 6 months. On the other hand, the
formulation that was kept at ambient temperature showed a
marked reduction in the % release and drug content as illus-
trated in Fig. 4D and E. Also, the reduction in % drug release

TableV Kinetic Analysis of Formulation code

. 6 i Correlation coefficient (%) Korsmeyer- Main
PVS Re ease from PVS Solution Peppas Transport
and the Optimized NE2 as well M .
- - - > 2 echanism
as PVS- NE2-TDP (F1) Zero order  Firstorder ~ Higuchi model R n
PVS solution 0.946 0.908 0.960 0.957 0.469 fickian
NE2 0.935 0.966 0.974 0.913 0.484  Fickian
PVS-NE2-TDP (F1) 0.881 0.973 0.958 0.904 0.51 Non fickian

 n is the diffusional exponent of korsmeyer-peppas model
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Fig.5 Microscopic pictures of rat skin a untreated b treated with the
optimized F1 patch. ¢ Microscopic images of H&E-stained hepatic
sections from G1 (negative control) demonstrate normal hepatic cord
arrangement H surrounding central veins CV with normal portal
PA and sinusoids S. d Hepatic sections from the G2 group (positive
control) showing larger bile ducts, congested central veins CV (red
arrow) and fat vacuoles (yellow arrows) in hepatocytes H. e Hepatic
sections from G3 group received oral PVS solution demonstrate mild

and drug content may be owing to the nature of hydrophilic
polymers used in F1 patch preparation [81, 82]. As a result,
it is suggested to store patches at lower temperatures similar
to findings previously reported [83].

Pharmacodynamics Study of the Optimized Patch
(F1)

Skin Irritation Study

After the application of the F1 patch, no erythema or edema
was observed in treated or untreated cross-sections of rat
skin as shown in Fig. 5a and b. This indicated that the F1
patch was biocompatibility with the skin.

Biomarker Assessment

Effects of the Optimized Patch (F1) on Serum Lipid Pro-

file The pharmacodynamic studies of the optimized F1
patch in comparison with the PVS-oral solution and the

@ Springer

bile duct dilatation, dilated sinusoids, less mononuclear cell infiltra-
tion in portal areas PA, and fewer fat vacuoles in hepatocytes (black
arrows) (c). f Very few fat vacuoles (black arrows), were found in the
hepatocytes of the G4 group (PVS-Patch treated group). g Hepatic
sections from the G5 group (F1 patch) show partially restored nor-
mal organization of hepatic cords H around central veins CV with
normal portal areas PA and sinusoids S, hydropic degeneration of
periportal hepatocytes

PVS-patch were determined using poloxamer 407 induced-
hyperlipidemic rats [49] as shown in Table VI. Then, the
lipid profiles were evaluated 12 h after poloxamer 407
injection, and it was found that all groups had significantly
higher serum levels of TC, TG, HDL, and LDL than the
negative control group. In rats, a distinctive feature of
poloxamer 407 led to an unusual increase in the levels of
HDL [84]. By indirectly stimulating HMG-CoA reductase
(a crucial enzyme in the production of cholesterol) the
poloxamer 407 (a non-ionic surfactant) can lead to hyper-
lipidemia in rats [85, 86].

Animals were treated with the F1 patch (G5) for one
week, where their serum levels of TC, TG, and HDL sig-
nificantly improved, and their LDL levels were successfully
brought back to normal.

In comparison to the F1 patch, the PVS solution (G3) and
PVS-patch (G4) treated groups both could not restore the
normal level of LDL in the hyperlipidemic animal model.
Figure 6 depicts the serum levels of the examined lipid bio-
marker after completing the treatment period.
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TableVI Effect of Optimized PVS-NE2-TDP (F1), PVS Solution and PVS-TDP on Serum Lipid Profile, Liver Function, Albumin, and Alkaline Phosphatase

Parameter Time(hr.) / Before treatment After treatment
Group
12 h after induction of 3 days 4 days 5 days 1-week
hyperlipidemia
TC (mg/dI) Gl 62.33 +4.095 #bed 6542, 4bed 62+72bcd 664, 2bcd 6514, 2b¢cd
Mean + SD G2 449 +57" 840428 "cd 812435 "cd 72535 "bed 676+£58"0¢4
G3 480+72.2" 435+67.77 370 +62" 280+55.8™ 230+48 @
G4 404+36.6" 354.5+67.9™ 305.33£59.5 ™ 269 +46 242480
G5 454.6+84.3" 376.3+73.38 208 +63.4™ 219+46.6™ 164.6£39.2%
TG (mg/dl) Gl 78 +9abed 72+72bcd 77+82bcd 74+620cd 80+62bcd
Mean + SD G2 844+114.17" 1125+ 155 "4 1130488 ">ed 941 +£95"¢d 823+ 105 *Pcd
G3 877+111" 815+105" 617+60.5 " 388+50 202.+424 "4
G4 754+432" 689.66+42.8 " 616.33+65.4 430.33+84.3™ 299+55.6 "
G5 807 +121.3" 707.6+120.4" 458.6+£95.8 359+65.7" 195+41"°
HDL (mg/dl) Gl 4442.580¢d 48 +52bed 50£5bed 54+8*° 41+3*
Mean +SD G2 177+33" 240+44.3" 305 +44" 280435 "¢ 302417 "0cd
G3 1196 +58" 1189+18" 16060 " 131+55% 85+33.4%
G4 133+16" 98+8™ 94.6+37.8" 96+28.5% 92+23°
G5 192+59.7" 183.3+32" 148 +40.4" 96+30° 77+28°
LDL (mg/dl) Gl 441.180¢d 6+1.1553b¢d 6+1.1558b¢d 6+0.840¢d 102+ 12b¢
Mean +SD G2 108 +4.9" 386+79 "ed 289+21 "bed 270+16.8 ¢ 208 +27 "bcd
G3 111.66+7.3" 82.666+34 ™ 79.66+1.76 80+4 "4 80+5
G4 120£15" 109.33+50.6 87+10.57 87.3+1.3 "4 90.6+£8.5 "4
G5 101.5+5" 51.33+21 " 57+4.2" 51+3.6"¢ 4341240
ALT(U/L) Gl - - - - 27.7+3.2%¢
G2 62+63™
G3 44+3"
G4 48+1.15™
G5 36.7+2.02 %
AST(U/L) Gl - - - - 94.6+£4.1
G2 223+15.5"¢d
G3 15245 "4
G4 125+6.8™
G5 104.66+6.72°
ALP(U/L) Gl - - - - 257+1020¢d
G2 407+11.6™
G3 369.5+18.6 "
G4 376+13.8"
G5 299.7+3.2 %
Albumin(gm/dl) Gl - - - - 4.9+0.13 %
G2 3.4+0.18 ¢
G3 4+0.05 "¢
G4 3.85+0.068"¢
G5 4.34+0.08 *

G1: Normal control

G2: Non treated hyperlipidemic rats (Positive control)

G3: Orally treated hyperlipidemic rats with PVS solution

G4: transdermally treated hyperlipidemic rat by PVS-TDP

G5 transdermally treated hyperlipidemic rat by PVS-NE2-TDP (F1)

TC, total cholesterol; TG, triglycerides; HDL, high density lipoprotein; LDL, low-density lipoprotein
Values are presented as mean+SEM. (n=6)

* Denotes significantly different from the value of negative control;

# Denotes significantly different from the value of positive control

b Denotes significantly different from the value of PVS solution

¢ Denotes significantly different from PVS-TDP

4 Denotes significantly different from PVS-NE2-TDP

The statistical analysis was conducted using Students’ #-test (unpaired) at p <0.05
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Fig.6 The serum level of the tested lipid biomarker and the liver
function following the completion of the treatment period with
PVS solution, PVS- patch and PVS-NE2-Patch (F1) (10 mg/Kg) are
showed in Fig. 6. Notes: values were presented as means+SEM
(n=6 rats); *: denotes significantly different from the value of G1
(negative control); a: denotes significantly different from the value of
G2 (positive control); b: denotes significantly different from the value

Considering the study outcome, PVS-NE2-TDP (F1)
showed a promising effect on lipid levels this could be due to
the action of NEs in improving the transdermal permeation
because of their smaller droplets as well as higher lipophilic-
ity that enhances PVS permeability [87, 88].

Effects of the Optimized Patch (F1) on Liver Functions A clear
elevation in the liver enzymes (Alanine aminotransferases
(ALT), Aspartate aminotransferases (ALT), and Alkaline
Phosphatase (ALP) in rats injected with poloxamer 407. This
may be because hyperlipidemia has been considered a com-
mon risk factor for liver diseases as high fat levels increase
liver oxidative stress [89]. Treatment with PVS solution and
PVS-patch caused liver enzymes to significantly decrease,
and the albumin level to slightly increase without returning
to the normal level. However, treatment with the optimized
patch (F1) significantly improved liver function, reduced liver
serum enzymes, and raised the albumin levels and restored
their levels to normal as shown in Table VI and Fig. 6. The
results indicated that the F1 patch might be used as a PVS
drug delivery system. The controlled transdermal delivery
of PVS is improved by encapsulating the drug in NE2 and
loading it into a patch [90].

Histopathological Examination In the current study, histo-
pathological analysis supported the biochemical findings.
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of G3 (PVS) solution; c: denotes significantly different from the value
of G4 (PVS-TDP) and d: denotes significantly different from the
value of G5 (PVS-NE2-TDP). At p<0.05, the statistical analysis was
carried out using Student’s 7-test (unpaired). Abbreviations: (ALT)
Alanine aminotransferases, (ALT) aspartate aminotransferases, (ALP)
alkaline phosphatase, (TC) total cholesterol, (TG) triglycerids, (LDL)
low-density lipoprotein, (HDL) high density lipoprotein

Light microscopic examination of liver sections from the G1
group revealed the central vein (CV) and surrounding hepat-
ocytes to have a normal histological structure (Fig. 5C).
Liver sections of G2 displayed a diffuse fatty change sur-
rounding the hepatocytes, dilated bile ducts, a clogged CV,
a few inflammatory cells, and dilated sinusoids (Fig. 5SD).
Liver tissues of the G3 group displayed mild bile duct dila-
tion, mild portal congestion, dilated sinusoids, and fewer
fat vacuoles in hepatocytes (Fig. SE). Liver tissues from G4
show a slightly dilated sinusoids S and small number of fat
vacuoles in hepatocytes (Fig. SF). Liver sections from G5
exhibit normal sinusoids S and portal areas PA, periportal
hepatocyte hydropic degeneration, a partially restored nor-
mal organization of hepatic cords H around central veins
CV (Fig. 5G) [91].

The G1 group’s quadriceps muscles microscopic exami-
nation revealed that both the longitudinal and crossed sec-
tions of the bundles have a normal histological structure
(Fig. 7-A1, A2) respectively. The G2 group displayed mild
mononuclear cell infiltration, atrophied myocytes, and hya-
line degeneration in some sections (Fig. 7B1, B2). The G3
group (Fig. 7C1, C2) exhibits a moderate level of lipid
infiltration in the muscle fibers. In comparison to somewhat
higher levels of lipid infiltration in the muscle fibers in the
G4 group (control patch) (Fig. 7-D1, D2) and lower levels
in the G5 group (received F1 patch) (Fig. 7-E1, E2), we
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Fig. 7 Microscopic images of longitudinally sectioned skeletal mus-
cles stained with H&E reveal a normal arrangement of striated mus-
cle fibers with nuclei in the periphery in the G1 group (Al). The
longitudinally sectioned skeletal muscles from the G2 group (B1)
demonstrate substantial lipid infiltration and hyaline degeneration
(black and yellow arrows) in several areas. The skeletal muscles in
the G3 group (received oral PVS solution) (C1) had moderate lipid
infiltration in the muscle fibers (blue arrows). The G4 group (received
control patch) (D1) showed higher lipid levels in muscle fiber com-
pared to the G5 group (received F1 patch) (E1). Microscopic images

concluded that PVS-NE2-TDP (F1 patch) could be con-
sidered a promising nanocarrier system for transdermal
delivery of PVS by passing drug degradation that occurs
in oral routs similar findings were declared previously [88].

Conclusion

PVS-NEs were successfully prepared by aqueous phase
titration method using 50%v/v oleic acid as the continuous
phase, 40% v/v SC mix, and 10% v/v deionized water as
the dispersed phase. PVS-NE2 was selected as an optimum
formula as it showed the smallest PS (251 + 16) nm with
narrow size distribution PDI (0.4 +0.16), the highest ZP
(-70+10.4) mv, and the highest drug content (100 + 3.8)
%. So NE2 was selected for further evaluation to be incor-
porated into TDPs. PVS-NE2-TDPs (F1) were prepared
using solvent evaporation method. FT-IR navigates inter-
action between PVS and other oils or polymers used in F1
preparation. TEM image of NE2 showed that NE2 droplets

‘3"'%\?’“ 0: ;“&&‘6& :ﬂ"“

A

PVS-Patch (G4)

1oAY

PVS-NE2-Patch (G5)

of H&E-stained cross-sectioned skeletal muscles show healthy mus-
cle fibers with nuclei that are positioned peripherally in the G1 group
(A2). The cross-sectioned skeletal muscles from the G2 group (B2)
exhibit mild mononuclear cell infiltration, hyaline degeneration, and
slightly higher lipid infiltration in muscle fibers. (black arrow) G3
group (C2) had moderate lipid infiltration in the muscle fibers (blue
arrows). G4 had slightly higher lipid infiltration in the muscle fibers
(black arrows). The G5 group treated with F1 patch (E2) had very
mild lipid infiltration in the muscle fibers (black arrows)

were dark, spherical in shape, and well dispersed. The PVS
released from the prepared formulations could be arranged
as follows: F1 >F3>F6>F5>F4>F2. So, F1 was selected
as an optimum patch as it showed satisfactory physicochemi-
cal properties and a higher % release of PVS compared to
other patches of different polymers. Ex vivo permeation stud-
ies of F1 showed that the formulation was dermatologically
safe and almost total skin permeation of PVS 271.66+ 19
ug/cm? in 72 h. The in vivo study demonstrated that PVS-
NE-TDP (F1) was more effective at lowering lipid levels as
evidenced by blood analysis and histopathological examina-
tion. Finally, our results prove that PVS-NE2-TDP can be a
good treatment for hyperlipidemia with higher efficacy by
passing the first-pass effect.
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