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Abstract

The primary active ingredient of porcine placenta extract (PPE) is a total protein that is limited the transportation
of its content into the skin. The objective was to investigate the dermal delivery of PPE using lipid nanocarriers and a
microspicule (MS) gel. The liposomes (LI), PEGylated liposomes (P-LI), niosomes (NI), and PEGylated niosomes (P-
NI) for loading PPE were formulated and characterized the physicochemical properties. PPE-loaded nanocarriers were
added to the MS gel. The in vitro skin deposition study and confocal laser scanning microscopy (CLSM) were performed.
For the results, all formulations were nanometers (84 to 172 nm) in size with narrow size distribution and negatively
charged (-11 to -31 mV). The percent loading capacity (% LC) of NI (26.43 + 1.69 %) was higher than that of P-NI (23.97
+0.55 %), LI (4.87 £ 0.13 %), and P-LI (4.25 £ 0.05 %), respectively. All nanocarriers were successfully mixed with MS
gel. After applying the formulations to the skin for four hours, NI-MS gel showed significantly higher total protein
deposited into the skin (345.19 £ 53.65 pg/ml) than that the gel-based formulation did (175.56 + 67.28 pg/ml) (p<0.05).
The CLSM study confirmed that the NI-MS gel could deliver bovine serum albumin-fluorescein isothiocyanate (BSA-
FITC) as the macromolecular protein marker through the stratum corneum barrier into the deep skin. In conclusion, the
NI-MS gel exhibited suitable physicochemical properties, suggesting that this model could play an essential role as a
dermal delivery system for PPE and other macromolecules.

Keywords: dermal delivery; liposome; noisome; PEGylation; microspicule; porcine placenta extract; gels.

1. Introduction (PPE) increases collagen production and prevents

Mammalian placentas are a rich source of collagen degradation by increasing skin cell
biologically active substances, such as proteins, proliferation and procollagen C peptide release
nucleic acids, amino acids, peptides, cytokines, (Hong, Park, Kim, Kim, & Suh, 2015). An in vivo
growth factors, vitamins, and minerals (Pan, Chan, animal study showed that delivering hydrolyzed PPE
Wong, Klokol, & Chernykh, 2017). Placental by the oral route could repair dehydration of the skin
extracts have been used in the cosmeceutical and from photo-aging by increasing the water-holding
pharmaceutical industries. Porcine placenta extract capacity and reducing transepidermal water loss. In
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addition, the hydrolyzed PPE improved the skin
damage from photo-aging by decreasing collagen
degradation (Hong et al., 2015). Recently, PPE
delivered by the oral route was examined inan in vivo
human study for its ability to improve the condition
and maintain good skin quality; the oral intake of
PPE supplements was shown to increase skin
hydration (Nagae et al., 2020). With respect to the
transdermal route, cosmetic products, such as lotions,
ointments, and emulsions have been formulated to
contain placenta extract (Muralidhar, & Panda,
1999). However, bioactive macromolecules from
placenta extracts are limited in their permeation of
the skin. To overcome this limitation,
physicochemical technologies have since been
developed to deliver the extracted macromolecules
into the skin.

A transdermal delivery system is a non-
invasive or minimally invasive technique that affords
the ability of compounds to pass through the skin.
This system has many advantages for the delivery of
proteins when compared with the oral route such as
protecting the proteins from chemical and enzymatic
degradation, reducing the dose frequency, bypassing
hepatic first-pass metabolism, minimizing adverse
drug effects, and improving patient compliance
(Bajracharya, Song, Back, & Han, 2019). The skin
can be divided into three primary layers: epidermis,
dermis, and hypodermis. Route of drug penetration
into the skin can be separated into transepidermal and
transappendageal pathways. Firstly, the main route is
transepidermal, which can be subdivided into the
transcellular and intercellular  routes. The
transcellular route primarily allows the compounds
to permeate through the keratinocytes, then across
the intercellular lipids. In contrast, the intercellular
route is a continuous but tortuous way through the
intercellular  lipid domains.  Secondly, the
transappendageal pathway refers to drug delivery via
hair follicles or sweat glands in the skin. This route
is convenient for delivering macromolecular
compounds (El Maghraby, Barry, & Williams, 2008;
Ramadon, McCrudden, Courtenay, & Donnelly,
2022).

Peptides and proteins are typically
hydrophilic macromolecules, which are limited in
their transport through the epidermal layer. The
stratum corneum (SC), the uppermost layer of the
epidermis, and associated lipid components act as the
epidermal  barrier (Pefia-Juarez, Guadarrama-
Escobar, & Escobar-Chavez, 2022). Moreover,
recent improvements in nanotechnologies, including
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chemical adjuvants and physical penetration
enhancements, have been reported to improve the
delivery of transdermal hydrophilic macromolecules
using polymer-based formulations, lipid-based
formulations, iontophoresis, sonophoresis,
electroporation, and microneedles (An et al., 2020).
Various nanocarriers, such as liposomes (LI) and
niosomes (NI), have also been designed to deliver
protein through the skin (Chaulagain, Jain, Tiwari,
Verma, & Jain, 2018). More recently, phospholipid
vesicular nanocarriers have been designed for
delivering biological macromolecules. The benefit of
these nanocarriers is the ability to encapsulate both
hydrophilic and hydrophobic compounds, thus
resulting in increased bioavailability. Modifying the
surface structure using materials like polyethylene
glycol (PEG) makes the nanocarriers more stable,
with unique properties (Mirtaleb, Shahraky, Ekrami,
& Mirtaleb, 2021). In topical pharmaceutical and
cosmetic products, phospholipids are biocompatible
and safe and have an efficacious interaction with
dermal cells. Nanocarriers made from unsaturated
phospholipids have been shown to reach the greatest
relative depth of penetration into the SC (van
Hoogevest, & Fahr, 2019). In addition, non-ionic
surfactant-based vesicles or NI could deliver both
hydrophilic and hydrophobic molecules, providing
both biocompatibility and safety. They are attractive
for the transportation of many compounds through
the skin in the pharmaceutical and cosmetic fields
(Ge, Wei, He, & Yuan, 2019). In general, traditional
LI is made from phospholipids with or without
steroids (e.g., cholesterol), whereas NI is formulated
with  non-ionic  surfactants and  cholesterol
(Abdelkader, Alani, & Alany, 2014; Pierre, & dos
Santos Miranda Costa, 2011). With respect to
PEGylated nanocarriers, PEGylated liposomes (P-
LI) showed that more hydrophilic sodium fluorescein
penetrated the skin than that non-PEGylated
liposomes did (Rangsimawong, Opanasopit,
Rojanarata, Duangjit, & Ngawhirunpat, 2016).
Microdermabrasion,  which requires
minimal insertion into the skin and removes the SC
layer, was also used to improve cutaneous drug
delivery in dermatological and cosmeceutical
techniques for skin regeneration. Hence, the system
has been widely applied to the cosmetic field for
enhancing the delivery of therapeutic compounds
(Benson, Grice, Mohammed, Namjoshi, & Roberts,
2019). Furthermore, microspicules (MS) from
Spongilla lacustris are freshwater sponge extracts
that could be used in biomedical and cosmeceutical
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applications. The needle-like structures of MS cause
microdermabrasion and create micropores in the
skin. MS effectively increased the permeation of
hydrophilic macromolecules through the skin
(Tansathien et al., 2019). A combination of
nanocarriers and physical enhancements would
effectively increase the delivery of the transdermal
bioactive molecules when compared with either used
alone (Yu, Yang, Wu, & Fan, 2021). However, an
investigation of the dermal delivery of PPE using
various lipid nanocarriers, such as LI, NI, and
PEGylated nanocarriers with MS gel, has not been
undertaken yet. Therefore, the dermal delivery of
PPE using lipid nanocarriers and an MS gel might
play an important role to deliver PPE into the skin.

2. Obijectives

The aim of this study was to investigate the
dermal delivery of PPE using lipid nanocarriers and
an MS gel. The liposomes (LI), PEGylated
liposomes (P-LI), niosomes (NI), and PEGylated
niosomes (P-NI) for loading PPE were formulated
and characterized the physicochemical properties.
PPE-loaded nanocarriers were added to the MS gel.
The in vitro skin deposition study and confocal laser
scanning microscopy (CLSM) were performed to
evaluate the transport of macromolecular protein into
the skin.

3. Materials and Methods

3.1 Materials

The porcine placenta was obtained from
Charnchai Farm, Ratchaburi, Thailand. Span 20,
cholesterol (Chol), and bovine serum albumin-
fluorescein isothiocyanate (BSA-FITC) were
obtained from Sigma-Aldrich, MO, USA. Egg
phosphatidylcholine (Egg PC) and N-(carbonyl-
methoxypolyethyleneglycol-2000)-1,2-distearoyl-
sn-glycero-3-phosphoethylene sodium salt
(PEG2000-DSPE) were obtained from Lipoid
GmbH, Ludwigshafen, Germany. Lissamine™
(rhodamine B 1,2-dihexadecanoylsn-glycero-3-
phosphoethanolamine triethylammonium salt; Rh-
PE) was obtained from Invitrogen, Carlsbad, CA,
USA. Spongilla spicules powder (98% purity) was
obtained from Hunan Sunshine Bio-Tech Co., Ltd.,
Hunan, China. Components for gel-based delivery
(e.g., ethylenediaminetetraacetic acid disodium salt
(EDTA 2Na), glycerin, Microcare®PHC, far infrared
water, and SEPIMAX™ ZEN) were obtained from
Zen Innovation Group Company Limited, Pathum
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Thani, Thailand. Other chemical
analytical grade.
3.2 Methods
3.2.1 Extraction of porcine placenta

The porcine placenta was washed with
0.9% w/v NaCl solution, blended into small pieces
with phosphate-buffered saline (PBS pH 7.4) ina 1:1
ratio, and sonicated under an ice bath for 30 min
using a probe sonicator (Vibra-Cell™, High-
Intensity Ultrasonic Processors VCX500, Sonics &
Materials, Newtown, CT, USA.) with a frequency of
40 kHz at 40% amplitude. The extract was
centrifuged at 4,000 rpm and at a temperature of 4°C
for 15 min with a centrifuge. The supernatant was
collected and dried with a freeze dryer (FreeZone
2.5, Labconco, Kansas City, MO, USA) for 3 days.
PPE powder was stored at 4°C until being used.
Protein content was determined using the Lowry
method. Briefly, 25 pl of each sample was mixed
with 200 pl of alkaline solution and incubated in the
dark at 25°C for 10 min. Diluted Folin’s reagent (1:1)
was added and the mixture was incubated at 25°C for
5 min. Protein content was measured using a
microplate reader (VICTOR Nivo™ multimode
plate reader, PerkinElmer, Germany) at an
absorbance of 550 nm.

agents were

3.2.2 Preparation of the lipid nanocarrier
formulations
The components of the lipid-based
nanocarrier formulations loading on the PPE are
shown in Table 1. All formulations were performed
by thin-film hydration and probe sonication methods
(Pengnam et al., 2019; Tansathien et al., 2021). The
lipid components of LI and P-LI were dissolved in a
2:1 chloroform: methanol mixture, while the lipid
and surfactant components of NI and P-NI were
dissolved ina 1:1 chloroform: methanol mixture. The
mixture was added to the test tube and blown with
nitrogen gas to evaporate the solvent, which was
followed by being placed in a desiccator for over 6 h.
The PPE dissolved in the water was added to a thin
film to produce hydrated lipid nanovesicles. The size
of the vesicles was then reduced with a probe
sonicator (Vibra-Cell™, High-Intensity Ultrasonic
Processors VCX500, Sonics & Materials, Newtown,
CT, USA.)) with a frequency of 20 kHz and 30%
amplitude in an ice bath for 30 min for two cycles.
The formulations were centrifuged at 15,000 rpm and
a temperature of 4°C for 15 min to precipitate the
unformed lipid vesicles and stored in a refrigerator
(4-8°C) for the next experiments.
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Table 1 The components of the lipid-based nanocarrier formulations (% w/v)

Formulations Egg PC Chol Span 20 PEG2000-DSPE PPE
LI 0.77 0.12 - - 0.1

P-LI 0.74 0.12 - 0.04 0.1

NI 0.39 0.35 0.1

P-NI 0.39 0.35 0.17 0.1

3.2.3 Characterization of the lipid nanocarriers
Vesicle size, polydispersity index (PDI),
and zeta potential were analyzed by an instrument
that measures particle size and zeta potential
(Zetasizer Nano-ZS, Malvern, Worcestershire, UK)
with a 4 mW HeNe laser at a scattering angle of
173°. The nanocarriers were diluted in a ratio of
1:20 and measured in triplicate.

Centrifugal filter devices (Amicon® Ultra
100K, Merck, USA) were used for the evaluation of
the percent entrapment efficiency (% EE) and
loading capacity (% LC). Briefly, 2 ml of each
sample was added to the device; the device was then
centrifuged at 4,000 rpm at a temperature of 4°C for
15 min. The PPE-loaded nanocarriers were in the
filter section. After that, 0.1% Triton X-100 was
added to the vesicles in a ratio of 1:1 to break the
vesicles. The total protein content as a bioactive
marker was determined as described above. The %
EE and % LC was calculated as Equation 1 and 2.

PPE entrapped in nanocarriers

% EE=
0 Initial PPE loading

x100

1)

PPE entrapped in nanocarriers

% LC=

Total materials of the nanocarriers 100 (2)
3.2.4 Preparation of the lipid nanocarriers in
MS gel
Each lipid nanocarrier formulation was
mixed with ethylenediaminetetraacetic acid
disodium salt (EDTA 2Na; 0.05% w/v), glycerin
(4% wilv), Microcare® PHC (0.80% v/v), far
infrared water (5% v/v), and polyacrylate
crosspolymer-6 (SEPIMAX™ ZEN; 0.54% w/v) to
produce a gel formulation. Five milliliters of MS
(1% w/w) were added to the formulation.

3.2.5 In vitro skin deposition study
Abdominal neonatal porcine skins were
obtained from Charnchai Farm in Ratchaburi,
Thailand. The thickness of the skin was
approximately 0.6 to 0.7 mm without the
subcutaneous fat. The protein extracted from the
PPE deposited in the skin was measured using
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Franz diffusion cells. One gram of each formulation
was added to the acceptor part of the cell; the MS
formulation was gently massaged onto the skin for
2 min (approximately 160 rubbing times/1.96 cm?
of skin area) using the forefinger with a medical
glove. Six milliliters of PBS were added to the
receptor at a temperature of 32°C and frequently
stirred at 500 rpm. The treated skins were collected
at 4 h and extracted using a probe sonicator with a
frequency of 40 kHz and a 40% amplitude for 10
min under cold conditions. After that, the samples
were centrifuged at 5,000 rpm for 5 min and
collected from the supernatant. The protein content
was analyzed with the Lowry method as described
above and calculated according to the standard
curve.

3.2.6 CLSM study

BSA-FITC, as a green fluorescent
substance, was a model protein. Rh-PE, as a red
fluorescent probe, was grafted to the membrane of
the lipid nanocarriers. After Rh-PE permeated the
skin for 4 h, the treated skins were washed with PBS
and methyl salicylate was added. The skins were
observed with CLSM using an inverted Zeiss LSM
800 microscope (Carl Zeiss, Jena, Germany)
equipped with HeNe (excitation wavelength 543
nm; emission wavelength 580 nm), Ar (excitation
488 nm; emission 514 nm), and diode lasers
(excitation 358 nm; emission 461 nm). The results
were visualized using a x 10 objective lens and
presented as x—z axis serial optical sections. Each
image was evaluated at the middle horizontal line.
The result was graphed as the profile of the mean
fluorescence intensity versus skin depth.

3.2.7 Statistical analysis

All  experiments were performed in
triplicate. The data are reported as the mean +
standard deviation (SD). The analytic statistic was
determined using one-way ANOVA with a post hoc
test and Student’s t-test. The values were presented
as significantly different when p < 0.05.

4. Results and Discussion
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4.1 Physicochemical properties of the PPE-loaded
nanocarriers

PPE had a brown-red fibrous texture, and
the total protein content was 0.150 + 0.003 g/g of
dry extract. After loading onto the lipid
nanocarriers, the vesicle size, size distribution, and
surface charge of the nanocarriers presented with
nanometer sizes and narrow size distribution (PDI
< 0.3); the liposomal vesicles were smaller than the
niosomal ones. Liposomal vesicles are organized
from double-chain phospholipid and lipid agents,
resulting in small (<100 nm), unilamellar vesicles
being expressed. Conversely, niosomal vesicles are
formed from a non-ionic single-chain surfactant
(Span 20) and lipid component. The size of
niosomes depends on alkyl chain length, resulting
in large (100-250 nm), unilamellar vesicles being
expressed (Gharbavi, Amani, Kheiri-Manjili,
Danafar, & Sharafi, 2018). The surface charge of
the LI formulations was between -11 and -12 mV,
whereas the NI formulations were negatively
charged in the range of -20 to -32 mV. The zeta
potentials in both types of LI were negative because
Egg PC is a zwitterionic substance. When the pH of
the formulations was 7.4, higher than the isoelectric
point (pl) of PC (pH 6.0-6.7), the vesicles carried a
negative charge (Rangsimawong et al., 2016). For
the NI formulations, the zeta potentials were more
negative than those of the liposomes because the
composition of the nanocarriers resulted in the
surface charge. In a previous report, LI composed
of phospholipid and cholesterol was less negative
than NI with a non-ionic surfactant (Ghanbarzadeh,
Khorrami, & Arami, 2015). Moreover, the
PEG2000-DSPE grafted nanocarriers could reduce
the negative surface charge, suggesting that the
surface charge depended on the acidic or basic

strengths of the surface groups and the pH of the
medium. The pH of the formulations was 7.4; thus,
the basic surface took on a positive charge, resulting
in decreasing the negative charge on the PEGylated
LI and NI (Okore, Attama, Ofokansi, Esimone, &
Onuigbo, 2011; Rangsimawong et al., 2016).
Generally, PEG acts as a steric stabilizer of the
nanocarrier structure, leading to reduce protein
degradation, increase hydrophilic properties, and
improving the capability of protein delivery
(Huang, Chen, Chen, Gao, & Liang, 2008). Total
protein content was used as a bioactive marker of
PPE in the nanocarriers. The % EE of nanocarriers
showed that LI had the highest value at 40%,
followed by P-LI, P-NI, and NI. NI had higher %
LC values than P-NI, LI, and P-LI. Cholesterol is an
amphiphilic molecule that can combine with
surfactant. Thus, it can increase the rigidity of
vesicles, membrane transaction, and membrane
leakage, suggesting that the cholesterol enhances
the entrapment efficiency. In this study, the
cholesterol concentrations in LI and P-LI were
higher than in NI and P-NI and the % EE values of
LI and P-LI were higher than in NI and P-NI. As the
result, the % LC of all formulations was lower than
% EE because of the total nanocarrier weight of
each formulation. The total weights of NI and P-NI
were less than those of LI and P-LI, leading to the
% LC values of NI and P-NI being higher (Gharbavi
et al., 2018). Cost-effectiveness is an important
factor when formulating cosmeceutical products
and the components of LI, P-LI, and P-NI are
expensive. Thus, NI was selected to develop the
gel-based nanocarrier formulation for delivering
PPE through the skin. The results were shown in
Table 2.

Table 2 The physicochemical properties of the lipid nanocarrier formulations

Formulations Size (nm) PDI Zeta potential (mV) % EE % LC
LI 85.46 + 0.44 0.221+0.01 -11.87 £ 0.67 40.17 +1.08 487+0.13
P-LI 84.02 £0.52 0.190+0.01 -12.03 +0.49 39.50+0.32 4.25+0.05
NI 145.30 £ 1.61 0.248 +0.01 -31.60+1.35 2418 +1.67 26.43+1.69
P-NI 172.70 £ 0.27 0.241+0.01 -20.67 +0.29 26.88 +0.74 23.97 +0.55

The results are presented as the mean + standard deviation (SD) (n=3).

The nanocarrier solutions were prepared
by adding a gelling agent to the nanocarrier to form
a semi-solid matrix under gentle homogenization.
With respect to the gel components, glycerin is an
emollient for reducing moisture evaporation,
whereas EDTA 2Na is a chelating agent and
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Microcare® PHC is a preservative that increase the
stability of the formulation. Far infrared water is a
technology used to improve the absorption of the
compound into the skin. SEPIMAX™ ZEN is a
thickening agent. With respect to the gel-based
nanocarriers, all formulations had suitable
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appearances and there were no coarse particles in
the gel. Moreover, the high viscosity of the gel
offered superior stability to suspend the
macromolecules, nanocarriers, and MS than the
solution alone. The polymeric gel promoted a steric
effect and avoided the fusion of the nanocarriers
without any interaction together. The polymeric gel
promoted a steric effect and avoided the fusion of
the nanocarriers without any interaction together
(Nigro, Cerqueira Pinto, dos Santos, & Mansur,
2020). Our previous study showed that the
macromolecular protein of deer antler velvet
extract-loaded NI vesicles was able to mix with MS
gel. Although the nanovesicles in gel base were
detected at a larger size and higher size distribution
than in solution form, these vesicles were still
nanometer size of vesicles. This suggested that
different-sized fractions of gel base occurred.
However, no coarse particles were observed in the
gel formulation (Tansathien et al., 2021).

4.2 Skin deposition study

The combination of strategies to improve
skin delivery (lipid nanocarrier technologies and
minimally invasive delivery using MS) overcame
the cutaneous limitation and expanded the ability to
deliver bioactive macromolecules from the PPE via
the skin. As seen in Figure 1, the protein deposited
on the skin after in vitro cutaneous permeation for
4 h revealed that more protein was deposited onto
the skin with all nanocarrier formulations than with
the control (gel-based) formulation, whereas more
protein was deposited with the NI-MS than with the
other formulations. With respect to the mechanism
by which the nanocarriers provide transdermal drug
delivery, LI and NI can penetrate the skin via the
transepidermal and transappendageal routes. The
PEG molecule can hydrate the skin as well as
change the water gradient, leading to an increase the
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skin permeation (Wang et al., 2017). Besides,
PEG2000-DSPE might increase the elasticity of
lipid-bilayer because of the characteristics of the
PEG chain (Zheng et al., 2020). Additionally, the
non-ionic surfactant in NI and P-NI acts as a
chemical enhancer that can interact with SC
components, change the structural organization of
lipid bilayers, and improve skin hydration. These
effects may be caused by niosomal formulations
transporting the PPE greater than liposomal
formulations (Cristiano, Cilurzo, Carafa, &
Paolino, 2018). In addition, % LC is an indicator of
the drug content, which can be encapsulated in the
amount of nanocarriers weight. The higher % LC
value can provide a better drug reservoir system
(Massella, Leone, Peila, Barresi, & Ferri, 2018).
Moreover, nanocarriers with MS gel showed higher
protein deposited onto the skin than that without
MS, thus indicating that the mechanisms of the MS
were resurfacing the SC, creating pores, and
insertion into the skin, followed by the
transportation of bioactive macromolecules. Since
Zhai, Zhang, Ou, and Chen (2021) has explained
that the effectiveness of a skin permeation
enhancement strategy of the sponge spicules was
associated with the disturbances in the SC (Zhai et
al., 2021). The MS created micron-scale holes in the
SC to enhance the skin absorption and transdermal
delivery of the hydrophilic macromolecules (Zhang
etal., 2019; Liang, Zhang, Ou, Chen, Mitragotri, &
Chen, 2020). Furthermore, NI with MS serum was
reported to improve the skin permeation of the
hydrophilic macromolecule BSA-FITC (Tansathien
etal., 2021). More protein was deposited in the skin
with NI than with other formulations, suggesting
that the highest PPE loading capacity of NI affected
the ability to deliver protein from the PPE into the
skin. Therefore, NI-MS gel was appropriate to use
as the dermal delivery system of PPE.
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Protein content (ug/ml)

0 - ' '

Skin control  Gel-based LI gel LI-MS gel

P-LI gel

P-LI-MS gel

NI gel

NI-MS gel P-NIgel  P-NI-MS gel

Figure 1 Protein deposited in the skin after being applied with various formulations for 4 h. * represents a significant
difference from that in the gel-based formulation (p < 0.05) (n=3).

4.3 CLSM study

The transdermal route is advantageous for
drug transportation, but the skin structure has a
barrier function to limit the compounds passing
through it. The SC is the main barrier for external
substances, especially macromolecular compounds.
The development of a novel formulation was
proposed to overcome the SC barrier and enhance
the permeability of the macromolecular compounds
(Rabiei, Kashanian, Samavati, Jamash, & Mclnnes,
2020). In the past decade, the CLSM technique can
apply to visualize the transdermal delivery potential
of drug-encapsulated nanocarriers as the interaction
of nanocarriers with skin and their penetration
pathways (Chaturvedi, & Garg, 2021). In this study,
the NI-MS gel formulation exhibited the suitable
physicochemical properties and the most
macromolecular protein delivered into the skin. To
investigate the penetration mechanism of this
formulation, a CLSM technique was performed to
obtain high-resolution images and visualize the
distribution and skin penetration depth of the
delivered drugs, presenting the ability of the NI-MS
gel as a dermal delivery system of the
macromolecular protein (Alvarez-Roman, Naik,
Kalia, Fessi, & Guy, 2004). The main active
ingredient in PPE was the total protein content,
whereas BSA is generally used as a protein marker
in many studies. For the CLSM study, fluorescein
is the most often used fluorophore for labeling
proteins and the fluorescently-labeled BSA (BSA-
FITC) is normally used as a fluorescent marker
(Yang, Bai, & Sun, 2008). As shown in Figure 2,
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BSA-FITC was used as a model macromolecular
protein loaded into the formulation, whereas Rh-PE
was used as a fluorescent dye to probe the NI
vesicles. The NI-MS gel delivered the
macromolecular protein, BSA-FITC, into the skin
to a depth of 90 um (with maximum intensity at the
20 um-depth) after treatment for 4 h; Rh-PE grafted
on the surface of NI was deposited at the same area
of BSA-FITC. This indicated that the NI vesicles
and BSA-FITC co-migrated through the SC.

The outermost layer of the epidermis, the
SC barrier, was approximately 10-20 um thick, and
the viable epidermis was 50-100 um thick. After
passing through the epidermal layers, the drugs
could interact with the network of blood vessels in
the dermis and be delivered to the rest of the body
(Walters, 2002). This result showed the ability of
the NI-MS gel to deliver the macromolecular
protein through the SC and into the viable
epidermis. Furthermore, NI vesicles offered high
physicochemical stability and great availability of
surfactant classes and enhanced the penetration of
the entrapped substances across the skin (Manconi,
Sinico, Valenti, Lai, & Fadda, 2006). Non-ionic
surfactant (Span 20), as a chemical penetration
enhancer in the NI, could enhance the skin
penetration by partitioning into or interacting with
the components of the SC, thus leading to changing
the organization of the lipid bilayer structure and
improving the skin permeability and diffusion
coefficient of the drugs (Minch, Wohlrab, &
Neubert, 2017). However, only the NI vesicles
showed lower protein deposition into the skin than
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that with MS (Figure 1). A previous study reported
that the NI vesicles were unable to form vesicles
within the skin and the entrapped drugs could be
released from the nanocarriers before permeation
through the skin (Rangsimawong, Opanasopit,
Rojanarata, Panomsuk, & Ngawhirunpat, 2017).
Thus, the combination of the penetration enhancing
techniques could strongly improve the delivery of
the macromolecular proteins into the skin.

In addition, micro-needling or laser
resurfacing created the transportation routes for
macromolecules, i.e., proteins and polypeptides,
through the skin (Hsiao, Yang, Alalaiwe, & Fang,
2019; Kirkby, Hutton, & Donnelly, 2020). The

(A)

(B)

cence intensity of NI-MS gel

Fluores

1000

=200

micrometer-sized Spongilla spicules in the extract
had a needle-like appearance, with the tip growing
from two opposite sides (approximately 176.77 pm-
length and 11.89 um-diameter). Spongilla spicules
improved  the  transdermal  delivery  of
macromolecules by the dermabrasion technique
(Tansathien et al., 2019). Moreover, MS could
physically disrupt the skin barriers, consequently
leading to enhancing the penetration of the NI
vesicles and hydrophilic macromolecular proteins
into the skin. Therefore, the NI-MS gel acted as a
model dermal delivery system for macromolecular
proteins and PPE.

800
600
400

200

Skin depth (pm)

Figure 2 (A) CLSM images of porcine skin treated with bovine serum albumin-fluorescein isothiocyanate (BSA-FITC)-
loaded and rhodamine B 1,2-dihexadecanoylsn-glycero-3-phosphoethanolamine triethylammonium salt (Rh-PE)-probed
NI-MS gel at a time of 4 h. (B) fluorescence intensity profile of BSA-FITC (—@—) and Rh-PE (--N--) from the NI-MS
gel deposited in the different skin depths at 4 h. * represents a significant difference compared with the 0 um-skin depth

(p <0.05) (n=3).

5. Conclusion

PPE with a high total protein content was
successfully loaded into lipid nanocarrier
formulations such as LI, P-LI, NI, and P-NI. All
formulations exhibited a nanometer size, narrow
size distribution, and negative surface charge. NI,
which was prepared from Span 20 and Chol, had the
highest extracted protein content loaded into the
carriers from the highest value of % LC. The NI-
MS gel was an appropriate appearance and had no
coarse particles. A dermabrasion technique using
Spongilla spicules or MS mixed with a nanocarrier
formulation and prepared as a gel formulation was
performed to enhance skin permeability. The NI-
MS gel had the highest protein content deposited in
the skin at four hours. Besides, a CLSM study using
BSA-FITC as a protein marker confirmed that the
NI-MS gel formulation delivered the protein into
the skin. The NI-MS gel could transport the

512

macromolecular protein into the skin to a depth of
90 um after application for four hours. It can
explain that MS disrupted the SC and NI vesicles
with BSA-FITC co-migrated passed the SC.
Therefore, the NI-MS gel played an important role
as the dermal delivery system for PPE and other
macromolecules.
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Supplement

The following Table describes the various abbreviations used throughout the study. Nonstandard
abbreviations that are used to abbreviate the names are written in this list.

Abbreviation Meaning
BSA-FITC Bovine serum albumin-fluorescein isothiocyanate
Chol Cholesterol
CLSM Confocal laser scanning microscopy
EDTA 2Na Ethylenediaminetetraacetic acid disodium salt
%EE Percent entrapment efficiency
Egg PC Egg phosphatidylcholine
%LC Percent loading capacity
LI Liposomes
MS Microspicule
NI Niosomes
PBS Phosphate-buffered saline
PDI Polydispersity index
PEG Polyethylene glycol

PEG2000-DSPE

N-(carbonyl-methoxypolyethyleneglycol-2000)-1,2-distearoyl-sn-
glycero-3-phosphoethylene sodium salt

pl Isoelectric point

P-LI Pegylated liposomes

P-NI Pegylated niosomes

PPE Porcine placenta extract
Rh-PE Rhodamine B 1,2-dihexadecanoylsn-glycero-3-phosphoethanolamine

triethylammonium salt
SC Stratum corneum
SD Standard deviation
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