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ABSTRACT
Challenges associated with topical analgesics and anti-inflammatory drugs include poor drug penetra-
tion and retention at the desired lesion site. Therefore, improving these challenges would help to
reduce the toxic and side effects caused by drug absorption into the systemic circulation and improve
the therapeutic efficacy of topical therapeutic drugs. Pentapeptide (KTTKS) is a signal peptide in skin
tissue, it can be recognized and bound by signal recognition particles. In the current study, we suc-
cessfully prepared novel indomethacin (IMC) loaded KTTKS-modified ethosomes (IMC-KTTKS-Es), and
the physicochemical properties and topical efficacy were investigated. Results showed that the pre-
pared IMC-KTTKS-Es displayed a particle size of about 244nm, a negative charge, good deformability,
and encapsulation efficiency (EE) exceeding 80% for IMC, with a sustained release pattern. In vitro per-
cutaneous permeation studies revealed that the skin retention was increased after the drug was
loaded in the IMC-KTTKS-Es. Confocal laser scanning microscopy also showed improved skin retention
of IMC-KTTKS-Es. In addition, IMC-KTTKS-Es showed improved topical analgesic and anti-inflammatory
activity with no potentially hazardous skin irritation. This study suggested that the IMC-KTTKS-Es might
be an effective drug carrier for topical skin therapy with a good safety profile.
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1. Introduction

Indomethacin (IMC) is a widely used non-steroidal anti-
inflammatory drug (NSAIDs) with potent topical analgesic
and anti-inflammatory pharmacological effects (Nagai et al.,
2019). It can also be used to treat topical skin diseases, such
as localized pain and inflammation, solar dermatitis, herpes,
erythema nodosum, hair folliculitis, etc (Froelich et al., 2017).
IMC is marketed in oral dosage forms in many countries,
with a few marketed as parenteral and topical dosage forms.
However, oral IMC is difficult to achieve effective therapeutic
concentration topically, and has strong adverse reactions of
gastrointestinal irritation and bleeding, which limits its wide
clinical application (Toropainen et al., 2021). One well-known
method to avoid these side effects-related problems is trans-
dermal topical administration.

Compared with oral administration and other routes of
administration, transdermal topical administration could
reduce gastrointestinal side effects and the number of drugs
entering the blood circulation, thereby reducing systemic
adverse effects. Therefore, the transdermal route is one of
the ways to overcome the problems of oral NSAIDs (El
Maghraby, 2010). However, the stratum corneum (SC) limits

the number of drugs entering the active epidermis and der-
mis, resulting in drug waste and poor clinical efficacy after
topical administration (Kapoor et al., 2017). Studies have
shown that the preparation of drugs in appropriate dosage
forms for topical administration can effectively increase top-
ical absorption and retention of drugs, thereby increasing
the topical efficacy activity (Aragao Horoiwa et al., 2020).

Traditional liposomes could promote the transdermal
absorption of drugs (Doppalapudi et al., 2017). However, due
to the large size and lack of elasticity, most of the traditional
liposomes are limited to the upper layer of the SC and have
limited penetration into the deep tissue (Abd et al., 2021).
Ethosomes could penetrate the SC into the deep layer of the
skin, and its percutaneous permeability is demonstrated to
be superior to that of traditional liposomes (Zhang et al.,
2014). However, common nanocarriers for topical administra-
tion, including ethosomes, cannot effectively stay in the skin
when treating tropical diseases. Therefore, for the drugs used
for local treatment, it is necessary to further enhance the
retention effect of the drug in the skin, so as to further
enhance the local treatment effect.

Lysine-threonine-threonine-lysine-serine is a short peptide
derived from collagen hydrolysis and its more stable form is
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palmitoyl-pentapeptide (Pal-KTTKS), which is a derivative of
KTTKS combined with palmitoyl. It is easy to penetrate the
SC of the skin due to its good interaction with the skin.
KTTKS is a signal peptide in skin tissue, it can be recognized
and bound by signal recognition particles (SRP) in skin tis-
sues, and promote the synthesis of matrix proteins, especially
collagen, by increasing the activity of stromal cells (Tałałaj
et al., 2019). Signal peptides can be used to modify nano
drug delivery systems to improve the functionality of prepa-
rations (Bae et al., 2021). In light of this, KTTKS might be
used in nano-drug delivery systems to improve the intrader-
mal retention of the drug in the lesion site through the inter-
action between KTTKS and proteins in the skin, thus
enhancing the therapeutic effect.

Therefore, the aim of this study was to develop IMC-
loaded KTTKS-modified ethosomes (IMC-KTTKS-Es) for
enhanced skin retention and topical efficacy activity of IMC
(Figure 1). For this purpose, IMC-KTTKS-Es were prepared by
the conventional thin-film evaporation and hydration
method. The developed nanosystem was characterized by
particle size distribution, polydispersity index (PDI), zeta
potential, surface morphology, encapsulation efficiency (EE),
deformability, X-ray diffraction (XRD), Fourier Transformed
Infrared spectroscopy (FTIR) and in vitro release. Further
in vitro percutaneous permeation was carried out using
Franz diffusion cells and the effect of the formulation on skin
microstructure was studied by the hematoxylin and eosin
(HE) staining method. Furthermore, confocal laser scanning
microscopy (CLSM) was used to visualize the skin delivery
and penetration of drugs in porcine ear skin. Besides, the
in vivo anti-inflammatory and analgesic activity was eval-
uated in mice.

2. Materials and methods

2.1. Materials

Indomethacin (IMC) was provided by Shanxi HaoChen Bio-
technology Co., Ltd (China); Egg yolk lecithin (EYL) was pur-
chased from Nanjing Dulai Biotechnology Co., Ltd (China);
Palmitoyl pentapeptide (Pal-KTTKS) was supplied by
Chongqing Gaide Chemical Co., Ltd (China). Carbopol-940
was provided by BASF Corporation (Germany). Coumarin-6
was supplied by Hefei Bomei Biotechnology Co., Ltd (China).
Xylene was obtained from Shanghai Aladdin Reagent Co.,
Ltd (China). Other reagents were analytical grade
preparation.

2.2. Animals

ICR mice (male, 18–22 g weight) were purchased from the
Henan Experimental Animal Center, Zhengzhou, China. All
animals were housed in a constant temperature and humid-
ity room with a 12 h light cycle and had free access to food
and tap water before the experiments. The experimental pro-
tocols were in accordance with the guidelines approved by
Luoyang Normal University, and the study was approved by
the Institutional Animal Ethics Committee.

2.3. Preparation and optimization of IMC-KTTKS-Es

IMC-KTTKS-Es were prepared using the conventional thin-film
evaporation and hydration method. Briefly, egg yolk lecithin
(0.3 g), IMC (0.1 g) and Pal-KTTKS (5, 10, 20, 40, and 60mg of
Pal-KTTKS were added separately to optimize the best
amount in the formulation) were co-dissolved in 10mL

Figure 1. Schematic illustration of the preparation of IMC-KTTKS-Es for enhanced skin permeation and retention.
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anhydrous alcohol and mixed for 5min in a flask.
Subsequently, the organic solvent was removed thoroughly
from the mixture at reduced pressure and 50 �C to form a
thin lipid film. Then, the dried, lipid film was hydrated with
20mL of 15% propylene glycol aqueous at 50 �C. Finally, the
dispersions were ultrasonicated (KQ-250DE, Kunshan
Ultrasonic Instrument Co., Ltd, Kunshan, China) for 5min to
achieve smaller-sized nanoparticles. The preparation method
of IMC-loaded ethosomes without modified KTTKS (IMC-Es)
was similar to that described above. The conducted formula-
tion of IMC-KTTKS-Es was loaded in CarbopolVR 940 gel
(IMC-KTTKS-Es gels) to make it acceptable in consistency for
topical skin application

2.4. Characteristics of the formulation

2.4.1. Particle size, zeta potential and surface morphology
The particle size, size distribution, polydispersity index (PDI)
and zeta potential of the formulation was measured using
the instrument Zetasizer Nano (Nanozs 90, Malvern
Panalytical, UK). The surface morphology of IMC-KTTKS-Es
was observed by field emission Scanning electron micro-
scope (SEM) (Sigma 500, ZEISS, Germany).

2.4.2. Encapsulation efficiency (EE)
The entrapment efficiency (EE) values of the formulation
were determined via an indirect method using ultracentrifu-
gation (Wang et al., 2016; Vasanth et al., 2020). In brief,
about 1.0mL of the formulation was taken in an ultrafiltra-
tion centrifuge tube (MWCO: 30 kDa) and subjected to centri-
fugation at a speed of 5000 rpm for 10min, the
unencapsulated free drug from ethosome vesicle system was
separated, and the supernatant layer was collected. The IMC
in the supernatant was analyzed at 320 nm by UV-Vis spec-
trometry (TU-1810PC, Purkinje, Beijing, China), and the values
of EE% were calculated according to the following equation:

EE% ¼ ðIMCtotal–IMCfreeÞ=IMCtotal � 100%

where IMC was initially added was considered as IMCtotal and
the amount of IMC in the supernatant was IMCfree.

2.4.3. Deformability measurement
The deformability of the IMC-KTTKS-Es formulations was
measured by extrusion through a 150 nm filter membrane
(Dudhipala et al., 2020). Briefly, suspension of IMC-KTTKS-Es
was squeezed through a polycarbonate filter membrane with
a pore diameter of 150 nm at 0.45MPa for 5min, the volume
of vesicular suspension which was extruded during 5min
was measured. The deformability of the deformable etho-
somes was calculated by using the following formula:

D ¼ Jflux � ðrv=rpÞ2

where D is the deformability of ethosomes; J is the volume
of suspension which was extruded during 5min; rv is the size
of ethosomes (after passing); and rp is the pore size of the fil-
ter membrane.

2.4.4. In vitro release
In vitro, drug release studies were performed using a vertical
glass Franz diffusion instrument (RYJ-6B, Shanghai Huanghai
Drug Control Instrument Co., Ltd, China) at 37 �C. A dialysis
membrane with a molecular weight cutoff value of 3500Da
was used to separate the compartments, the donor side with
a release surface area of 2.8 cm2 and the receptor side con-
taining 6.5mL of PBS buffer (pH ¼ 7.4) as release medium.
The release medium is stirred by a magnetic stirrer rotating
at approximately 300 rpm. 0.5 g of IMC plain gel, IMC-Es gel
and IMC-KTTKS-Es gel was respectively used in the donor
compartment. All gel formulations contained 3% (w/w) IMC.
0.5mL of the receptor medium were taken at predetermined
intervals of 2, 4, 8, 12, 24, and 48 h, and the amount of the
IMC in each sample was determined via a high-performance
liquid chromatography (HPLC) system (U-3000, Thermo, USA)
with a UV detector and a Wondasil C18 column (5mm,
200� 4.6mm). The mobile phase consisted of chromato-
graphic methanol and 0.1% phosphoric acid water at a ratio
of 65:35 (v/v). The UV visible detector and the operating
temperature were set to 228 nm and 35 �C, respectively. The
flow rate was 1.0mL/min and the injection volume was
20 lL. The sample was taken from the middle of the receptor
compartment and immediately replenished with an equal
volume of the fresh receptor phase (37 �C PBS) after each
sample collection. The cumulative amount of IMC released
was calculated using the following formula:

Cumulative release %ð Þ

¼ Cn � 6:5mLþPn�1
n¼0 Cn�1 � 0:5mL

Initial amount of IMC in the donor compartment

where Cn and Cn�1 represented the concentration of IMC in
the release medium measured at the nth and n� 1th sample
removed, respectively.

2.4.5 X-Ray diffraction (XRD)
The XRD patterns of pure IMC, lyophilized blank KTTKS-Es,
physical mixture, and freeze-dried IMC-KTTKS-Es samples
were obtained using a D8 Advance X-ray diffractometer
(Bruker, Karlsruhe, Germany). The measured voltage and cur-
rent were 40 kV and 40mA at ambient temperature respect-
ively, and the X-ray source was Cu Ka radiation. Diffraction
patterns were collected at 10–80� with 2h.

2.4.6. Fourier transform infrared spectroscopy (FTIR)
Fourier transform-infrared (FTIR) spectra of the pure IMC,
lyophilized blank KTTKS-Es, physical mixture, and freeze-dried
IMC-KTTKS-Es samples were recorded using a Nicolet 6700
Fourier transform infrared spectrophotometer (Thermo Fisher
Scientific, USA). The FTIR spectra of samples were scanned
over a wavenumber ranging from 400 to 4000 cm�1.

2.5. In vitro percutaneous permeation study

2.5.1. Preparation of skin samples
Porcine ears were obtained from the local slaughterhouse,
and domestic pigs were inspected by the quarantine
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department. After slaughtering, the porcine ears were cut off
immediately, cleaned with tap water and dried immediately
with an electric hair dryer, and then the ears were cut into
strips of about 3 cm � 3 cm. The porcine ear strips with
intact skin were selected, and the skin with a thickness of
about 600 mm was obtained with a skin graft knife (Z10100,
Shanghai Medical Instrument Co., Ltd.).

2.5.2. Permeation/retention studies in porcine skin
For skin permeation/retention studies, Franz diffusion cells
equipment was used. The porcine skin was sandwiched
between the donor and acceptor compartment of the verti-
cal diffusion cell with an effective diffusion area of 2.8 cm2

and a cell volume of 6.5mL. A circulating water bath was
used to keep the diffusion cells at 37 �C and the receptor
medium (pH 7.4 PBS) in the receptor compartment was mag-
netic stirred continuously at a rate of 300 rpm. 0.5 g of IMC
plain gel, IMC-Es gel or IMC-KTTKS-Es gel was gently added
to skins, respectively. The experiment was carried out while
keeping sink conditions. At the time points of 1, 2, 4, 8, 10,
12, 24 and 48 h, 0.5mL of the receptor medium in the recep-
tor compartments were withdrawn and replaced immediately
with a fresh receptor medium immediately. The samples
were assayed by HPLC according to the method described in
Section Fourier transform infrared spectroscopy (FTIR). The
cumulative amounts of IMC permeated through porcine skins
per unit area were plotted as a function of time. The linear
regression of the cumulative amount of IMC permeated per
unit area (lg/cm2) against time was plotted to determine the
drug steady-state permeation rate (Jss), which was calculated
from the slope of the regression line.

At the end of the skin permeation experiments, the skin
was removed and rinsed with deionized water to remove the
excess formulation from each skin. Then, the nine full-
thickness skins were respectively immersed in 2mL methanol
for 24 h and then kept in an ultrasound bath (KQ-250DE,
Kunshan, China) for 0.5 h for the extraction of IMC from the
skin. Subsequently, the separation was carried out by refri-
gerated centrifugation at a speed of 10,000 rpm for 10min.
The amount of skin retention, that is, the total amount of
IMC extracted from the skin at the end of the permeation
experiments (at 48 h), could be obtained by measuring the
content of IMC in the supernatant. The extracted IMC from
skins was determined by HPLC.

2.6. Hematoxylin–eosin staining

Hematoxylin and eosin (HE) staining methods were used to
study the effect of the formulation on skin microstructure.
The skin samples of porcine ears were prepared according to
the method described in Section Preparation of skin samples.
0.5 g of physiological saline, IMC plain gel, IMC-Es gel or
IMC-KTTKS-Es gel was respectively applied to the donor com-
partment of the Franz diffusion cells (as per “Permeation/
retention studies in porcine skin” section) for 12 h. The skin
samples were harvested, rinsed with physiological saline and
processed by 4% paraformaldehyde fixation and paraffin

embedment (LEICA EG1160, Nussloch, Germany).
Subsequently, samples were cut into longitudinal sections
using a slicer (LEICA RM2235, Nussloch, Germany), stained
with HE, sealed with neutral gum, and observed for histology
analysis using a microscope, respectively.

2.7. Confocal laser scanning microscopy (CLSM) study

Two types of formulation (conventional Es gel and optimized
KTTKS-Es gel) loaded with coumarin-6 fluorescent dye were
used for the comparative study. Each coumarin 6-loaded for-
mulation was individually studied in vitro on a Franze diffus-
ometer (RYJ-6B, Shanghai, China) protected from light. The
skin samples were taken off from the experimental setup
after diffusing for 2 h and 12 h, and then rinsed thoroughly
with physiological saline to remove any sample deposit.
Subsequently, the treated skin samples were cut vertically
into 10 mm sections using a freezing slicer (Leica CM1950,
Germany) and mounted on a sliding glass with the help of
transparent adhesive. The skin sections were dyed by DAPI
(1mg/mL) at 37 �C for 1min and washed with PBS buffer.
The fluorescence in the skin samples was observed by a
Confocal microscope (coumarin-6 Ex/Em ¼ 488/519 nm, Leica
TCS SPE, Germany).

2.8. In vivo hot plate test in mice

The in vivo analgesic activity was evaluated in mice using
the hot plate method (Abdallah et al., 2021). The female
mice were placed in the glass cylinder of the intelligent hot
plate apparatus (YLS-6B, Jinan, China). The glass cylinder was
placed on a heated metal plate with the temperature main-
tained at about 55.0 �C. The time was recorded immediately
after the mice were placed on the hot plate, and the timing
was stopped immediately when the first hind paw licking
reaction occurred. The mice were divided into four groups,
each group containing ten mice. Hot-plate latencies were
determined at 30, 60 and 90min after topical transdermal
administration of IMC plain gel, IMC-Es gel or IMC-KTTKS-Es
gel at doses of 60.0mg/kg, blank gel was used as the con-
trol group.

2.9. Dimethyl Benzene – induced mice ear edema test

The anti-inflammatory activity of developed formulations was
investigated in the acute inflammation method (Gao et al.,
2020; Niu et al., 2020). Dimethylbenzene (20lL per side) was
topically applied to both sides of the right ear after 60min
of transdermal administration with the formulation. The left
ear remained untreated. The mice were sacrificed by cervical
dislocation after being treated with dimethyl benzene for
30min. The right ear and left ear were cut off at the same
position with a stainless steel punch with a diameter of
8mm and weighed. The ear edema and the inhibitory ratio
of ear edema were calculated by the following equation: Ear
edema¼weight of the right (treated) ear – weight of the left
(untreated) ear Inhibitory ratio of ear edema ¼ [(mean of
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normal control edema – mean of treatment group edema)/
mean of normal control edema]� 100%.

2.10. Skin irritation studies

The female mice were engaged to evaluate the skin irritation
potential of the formulation. 24 h before the start of the test,
hair from the dorsal area (about 2 cm � 2 cm) of mice was
carefully removed with an electric shaver and divided into
four groups (n¼ 6). Further, 0.5 g of the formulation was
applied uniformly on the shaved skin of mice, respectively.
At 4 h after administration, the residual sample was removed
with physiological saline, erythema and/or edema were
monitored at the application site for 72 h.

2.11. Statistical analysis

All studies were repeated at least three times. Data were
expressed as means ± standard deviation. A Student’s t-test
was used to compare differences between treated groups
and control groups. P< .05 was considered to be different
significantly.

3. Results and discussion

3.1. Optimization of the IMC-KTTKS-Es formulation

Table 1 had shown the changes in these properties with the
amount of Pal-KTTKS added to the formulation. When the
amount of Pal-KTTKS increased to more than 20mg, the par-
ticle size of IMC-KTTKS-Es suddenly increased from 244.8 nm
to more than 343.3 nm, and the particle size distribution
range was very wide. The EE of different formulations also
showed that the amount over 20mg of Pal-KTTKS might lead
to the instability of the system, resulting in a rapid reduction
of the amount of IMC encapsulated in the IMC-KTTKS-Es.
Therefore, the optimal amount of Pal-KTTKS in IMC-KTTKS-Es
formulation was 20mg.

3.2. Characterization of IMC-KTTKS-Es

3.2.1. Particle size and zeta potential
In the formulation of a transdermal drug delivery system,
particle size is an important constraint. The particle size dis-
tribution was uniform (Figure 2A) and the average size of
IMC-KTTKS-Es was around 244 nm (Table 1), which was con-
sidered to be the appropriate particle size for the transder-
mal delivery (Danaei et al., 2018). It was previously reported
that only particles between 50 and 500 nm in size were pos-
sible to penetrate into the skin (Wang et al., 2019).
Moreover, previous studies have also shown that

nanoparticles with a diameter of 300 nm or less could trans-
port drugs to the deep layers of the skin to a certain extent,
and smaller particle sizes might facilitate drug penetration
and deposition in the epidermis and living dermis (Verma
et al., 2003; Hua, 2015). The PDI of the optimal IMC-KTTKS-Es
dispersions was 0.225 (Table 1). The obtained PDI value was
considered to be acceptable for lipid-based carrier drug
delivery systems (Chen et al., 2011) and indicated the uni-
formity of the particle size and low aggregation affinity in
the prepared formulation.

The results of zeta potential for the optimal IMC-KTTKS-Es
was �36.4mV (Table 1), which confirmed that the surface
charges of the customized formulation were negatively
charged. The larger negative potential value of the optimized
formulation was due to the change of the net negative sur-
face charge in the presence of KTTKS. Therefore, the formula-
tion was suggested to exhibit a high degree of stability,
because previously reported that nanoparticles with absolute
zeta potential values greater than 25mV generally have a
high degree of stability (Nasr et al., 2020). The negative
charge of the optimized formulation might affect the pene-
tration of IMC through porcine ear skin due to the electro-
static repulsion between the negative charges on the skin
surface and the optimized formulation (Malakar et al., 2012).
According to previous studies, the negatively charged nano-
particles had improved skin deposition of drugs in transder-
mal drug delivery (Sinico et al., 2005). The characterization of
particle size and zeta potential showed that it was suitable
for percutaneous penetration.

3.2.2. Surface morphology
The SEM images clearly delineated that the IMC-KTTKS-Es
had a relatively uniform spherical morphology without
aggregation (Figure 2B). Moreover, according to the bars in
the images, the IMC-KTTKS-Es appeared in particle size of
approximately 200 nm. The particle size obtained by SEM
was slightly lesser than the result measured by dynamic light
scattering (which gives hydrodynamic diameter), which
might be due to the dry state of the sample when the scan-
ning electron microscope image was taken.

3.2.3. Encapsulation efficiency (EE)
The EE of optimal IMC-KTTKS-Es measured by the ultrafiltra-
tion centrifugation method was 82.16%, which was relatively
high. The results proved that the prepared formulation could
encapsulate a large dose of IMC, and the IMC-loaded formu-
lation was expected to improve the local therapeutic effect
effects (Cai et al., 2021).

Table 1. Optimization of the IMC-KTTKS-Es formulation.

Amount of Pal-KTTKS (mg) Particle size (nm) PDI Zeta potential (mV) EE (%)

0 185.62 ± 9.05 0.138 ± 0.01 �0.28 ± 0.06 65.58 ± 2.32
5 190.57 ± 6.43 0.088 ± 0.01 �37.2 ± 8.52 76.10 ± 1.92
10 195.83 ± 8.80 0.183 ± 0.02 �41.0 ± 8.87 82.42 ± 3.77
20 244.81 ± 9.52 0.225 ± 0.01 �36.4 ± 7.34 82.16 ± 2.94
40 343.39 ± 7.26 0.439 ± 0.03 �30.2 ± 7.66 66.10 ± 1.68
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3.2.4. Deformability measurement
The deformability of the optimized IMC-KTTKS-Es was com-
pared with the IMC-Es and IMC liposomes. Calculations were
made using the deformability equation. The deformability
values of IMC liposomes, IMC-Es and optimized IMC-KTTKS-Es
were 3.59 ± 0.25, 12.34 ± 0.62 and 11.73 ± 0.46, respectively.
These values indicated that the prepared ethosomes had
higher deformability, which was due to the propylene glycol
used in the formulation compared with IMC liposomes.

3.2.5. In vitro release
The release profile of IMC from different preparations as a func-
tion of time as shown in Figure 3. The IMC plain gel exhibited
a rapid release of 57.89% within 48h, while IMC-Es gel and
IMC-KTTKS-Es gel showed a controlled release of 40-44% in
48h, and the release was slower. This confirmed the interaction
between the IMC and the carrier materials in the nanoparticles,
resulting in a decrease in the drug release rate and amount.
When comparing the release behavior of IMC-Es gel and IMC-
KTTKS-Es gel, the release rates of the two samples were similar
in the initial 2 h, but after 2h, the release rate of IMC-KTTKS-Es
gel was slightly lower than that of IMC-Es gel. The lower drug
release in the IMC-KTTKS-Es gel might be due to the fact that
the surface modification of the KTTKS changed the barrier prop-
erties of the aqueous boundary layer and the permeability of
the membrane. The slow release behavior of the drugs in etho-
somes indicated that the phospholipid membrane hinders the
diffusion of fat-soluble IMC molecules into the release medium
to a certain extent. This could help the drug enter the skin
through nanoparticles during topical administration, instead of
being released in the form of drug molecules, and then be
trapped outside the stratum corneum before the ethosome
vesicles penetrate into the skin (Carita et al., 2018).

3.2.6 X-Ray diffraction (XRD)
XRD analysis was used to detect the existence of the crystalline
phase, which was also expected to provide indirect evidence
for the effective embedding of IMC into KTTKS-Es. The XRD

patterns of IMC, lyophilized blank KTTKS-Es, physical mixture,
and freeze-dried IMC-KTTKS-Es were shown in Figure 4(A). No
diffraction peak indicated that blank KTTKS-Es were amorphous
single phase. The diffraction pattern of IMC showed strong
characteristic diffraction peaks of the polymorph, which indi-
cated that the drug was a highly crystalline powder (Zhang
et al., 2017). However, after being embedded in KTTKS-Es, no
crystalline IMC was detected in the XRD pattern of IMC-KTTKS-
Es, indicating that IMC was present in the KTTKS-Es carrier in an
amorphous state. It was speculated that when the IMC was
loaded into the narrow pores and mesoscale channel of KTTKS-
Es, the crystallization of IMC was prevented due to the space
confinement, which caused the IMC to become a disordered
amorphous state (Zhang et al., 2018).

3.2.7. Fourier transform infrared spectroscopy (FTIR)
Figure 4(B) showed the FTIR spectra of pure IMC, lyophilized
blank KTTKS-Es, physical mixture, and freeze-dried IMC-KTTKS-
Es. Generally, the C¼O stretching vibration peak could be
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observed in the range of 1600-1750 cm�1. IMC molecule con-
tains two carbonyl groups of benzoyl group and carboxyl
group. The peak at 1692.21 cm�1 was assigned to benzoyl
vibration, while the peak at 1717.91 cm�1 might be attributed
to the C¼O stretching vibration of carboxyl moieties (Zhang
et al., 2018). The characteristic peaks of blank KTTKS-Es
appeared at 2927.44 cm�1 (-CH2- stretching vibration peak of
-CH2- in phospholipids) and 1740.45 cm�1 (stretching vibration
peak of symmetric C¼O in phospholipids), respectively. In the
physical mixture system, the vibration peak of benzoyl in the
IMC molecules could still be observed at 1692.21 cm�1.
However, after incorporation into IMC-KTTKS-Es, the spectra dis-
played a marked decrease in carbonyl stretching peaks. In add-
ition, a slight shift to the lower wavenumbers occurred, the
vibration peak of benzoyl in the IMC molecules shifted from
1692.21 cm�1 to 1683.68 cm�1. These results indicated that IMC
became amorphous after being encapsulated into the etho-
somes, and IMC molecules interact with the carrier materials
through hydrogen bonding to form a eutectic mixture. These
results were consistent with those reported in the previous lit-
erature (Li et al., 2016).

3.3. In vitro skin permeation and retention

The in vitro cumulative permeability of IMC released from
IMC plain gel, IMC-Es gel, and IMC-KTTKS-Es gel were eval-
uated through isolated porcine ear skins. Figure 5(A) showed
the cumulative amount of IMC permeated through the unit
area of porcine ear skin from three different preparations. As
shown in Figure 5(A), the transdermal flux of the IMC in the
receptor compartments increased with time, and the graphs
showed similar skin penetration patterns for the three differ-
ent formulations. Obviously, no lag phase was found in any
of the ethosome groups, and IMC was detected in the recep-
tor compartment after the first 1 h, indicating that the drugs
in the ethosomes could quickly penetrate through the skin.
While only a small amount of drugs could be detected in the
receptor compartment at 2 h for the preparation of IMC plain
gel. The amount of IMC penetrated through the skin for all
tested preparations was relatively low within the first 4 h, but
the penetration of IMC was significantly (P< .05) higher for

IMC-Es gel (120.08 ± 15.97lg/cm2) and IMC-KTTKS-Es gel
(96.35 ± 11.03 lg/cm2) after 48 h compared with that of IMC
plain gel (54.49 ± 5.25 lg/cm2).

By encapsulating IMC into ethosomes, the intradermal reten-
tion of drugs was highly increased after topical administration
(Figure 5B). The current study showed that the skin retention of
IMC in IMC-Es gel and IMC-KTTKS-Es gel was higher than that
of IMC plain gel. After 48h of topical administration, the skin
retention of IMC in the IMC-Es gel and IMC-KTTKS-Es gel groups
was 2.67- and 4.51-fold higher than that in the IMC plain gel
group, respectively, and the IMC-KTTKS-Es gel group showed
the highest drug retention (p< .05). The amount of drug reten-
tion in skin tissue for the IMC-KTTKS-Es gel group reached
39.13±11.58lg/cm2. The increased skin retention of IMC-
KTTKS-Es gel for topical delivery could be associated with (i)
when the particle size of the vesicle was less than 300nm, it
was easy to penetrate the stratum corneum into the skin epi-
dermis and its bottom, and retained in the skin to form a drug
reservoir to exert a slow-release effect and achieved the pur-
pose of better treatment of local skin diseases (Verma et al.,
2003; Faisal et al., 2018). (ii) negative vesicles might increase the
retention of encapsulated lipophilic molecules in the skin, and
the improvement of drug retention in negative vesicles might
be related to the ability of these vesicles to promote structural
changes in the deep layer of the skin, facilitating drug retention
into the skin (Ogiso et al., 2001; Maione-Silva et al., 2019). (iii)
as a signal peptide in skin tissue, KTTKS could be recognized
and bound by signal recognition particles (SRP) in skin tissues,
resulting in the retention of KTTKS modified ethosomes in the
skin (Tang et al., 2013; Park et al., 2017). In conclusion, IMC-
KTTKS-Es gel could increase the intradermal retention of drugs
and reduce the number of drugs entering the systemic circula-
tion, and these characteristics are expected to increase the
curative effect and reduce the risk of increasing systemic tox-
icity when used in the treatment of local skin diseases.

3.4. Effect of the preparations on the microstructure
of skin

The results of HE staining were shown in Figure 6. The squa-
mous epithelium of porcine skin of the saline group was
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intact and smooth, it was covered with an intact stratum cor-
neum, which was closely associated with the epidermis; the
collagen fiber bundles were closely arranged. The skin struc-
ture changed after being treated with IMC plain gel, the
cuticle structure became loose and thin with slight shedding.
However, the phenomena consequential to interactions with
the stratum corneum were further intensified after treatment
with IMC-Es gel and IMC-KTTKS-Es gel, and the stratum cor-
neum layer became looser and thin with distinctly shedding,
as compared with the IMC plain gel group. The stratum cor-
neum was an important barrier to protect the skin from for-
eign substances, and its structure is disturbed by ethosome
nanovesicles, which was conducive to drug entry or delivery
through the skin. Furthermore, the outstanding deformation
ability of ethosome could make it penetrate into the intercel-
lular space of the outermost layer of stratum corneum and
into the deep layer of stratum corneum, which might further
promote its fusion with the lipid components of keratino-
cytes and change the structure of stratum corneum more
effectively than rigid liposomal vesicles, which only affect the
surface of stratum corneum in an incremental manner
(Zhang et al., 2015).

3.5. Confocal laser scanning microscopy (CLSM) studies

The CLSM images of the longitudinal sections of porcine ear
skin obtained 1 h and 12 h after the application of COU-Es
gel and COU- KTTKS-Es gel was shown in Figure 7. It could
be seen from Figure 7 that after 1 h of administration, the
COU-KTTKS-Es gel group and COU-Es gel group showed
strong fluorescence in both the epidermis and dermis, indi-
cating that the preparation of ethosome could overcome the
SC barrier and promote the penetration of drugs. The fluor-
escence of skin treated with COU-Es gel decreased after 12 h,
most of the coumarin-6 fluorescence remains in the skin
appendages, while intense fluorescence was observed in the
deep skin and skin appendages beneath the epidermis in
the COU- KTTKS-Es gel group and the fluorescence intensity
of deep skin in COU- KTTKS-Es gel group was higher than
that in COU-Es gel group at 12 h. These results indicated that

KTTKS modified ethosomes had better targeting of local skin
tissues than conventional ethosomes, thereby effectively
ensuring the treatment of topical skin diseases that require
transdermal delivery.

3.6. Assessment of analgesic activity

According to Table 2, the tested medicated formulations had
a significant topical analgesic effect, while the control group
was reported to be no significant increase in reaction time
within an overall 90min of treatment. The longest response
times of IMC-Es gel and IMC- KTTKS-Es gel treated for 90min
were 26.50 s and 35.55 s, respectively, while the longest
response times of the negative control group and IMC plain
gel were 16.79 s and 19.41 s, respectively. It is obvious that
the transdermal administration of IMC-Es gel and IMC-
KTTKS-Es gel showed a significantly prolonged time of mice
responses toward the thermal pain at all time intervals, com-
pared with the negative control group and IMC plain gel
group (P< .05). The high deformability of IMC-ethosomal
nanoparticles might be the main reason for the better anal-
gesic performance of IMC-ethosomes compared to its plain
formulation. Compared with the IMC-Es gel treatment group,
the IMC- KTTKS-Es gel treatment group showed a signifi-
cantly higher analgesic effect (p< .05) at 90min following
topical application of the formulation. The modification of
ethosomes by KTTKS might increase the retention of IMC in
the skin of mice, thereby achieving higher skin bioavailability
and therapeutic analgesic potential.

3.7. Assessment of anti-inflammatory activity

The results showed that the inhibition rate (52.89 ± 8.56%)
of IMC-KTTKS-Es gel significantly increased (p< .05) com-
pared with that of IMC plain gel (31.99 ± 6.72%) and IMC-Es
gel (38.58 ± 7.48%). Based on these results, it could be con-
cluded that the IMC-KTTKS-Es gel was the most effective
formulation against dimethyl benzene-induced skin inflam-
mation and damage.
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Figure 5. (A) In vitro transdermal delivery of IMC plain gel, IMC-Es gel, and IMC-KTTKS-Es gel in porcine ear skin after 48 h of topical administration. (A) Cumulative
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3.8. In vivo skin irritation test

Skin irritation studies showed that none of the IMC formula-
tions showed skin irritation. No erythema and edema were
observed in the dorsal coastal region (Figure 8). These results
indicated that all of the ingredients in the formulation (phos-
pholipids, Pal-KTTKS, propylene glycol, Carbopol 940VR ) were
well tolerated and never sensitized to the skin. Therefore,
IMC-KTTKS-Es gel might be a safe and well-tolerated delivery
vehicle of IMC for topical application.

Figure 6. Micrographs of the hematoxylin-eosin (HE) stained porcine ear sections after being treated with (A) Physiological saline (B) IMC plain gel (C) IMC-Es gel
and (D) IMC-KTTKS-Es gel.

Figure 7. CLSM images of the vertical section of the skin treated with the various formulations post administration. The slides were stained with DAPI.

Table 2. Mean reaction time of control, IMC plain gel, IMC-Es gel and IMC-
KTTKS-Es gel in mice at various time intervals.

Formulation Pre-treatment (s)

Reaction time (s)

30min 60min 90min

Control 15.49 ± 3.65 15.39 ± 3.26 15.11 ± 4.72 16.79 ± 7.65
IMC plain gel 14.79 ± 2.45 16.25 ± 3.48 20.91 ± 6.59� 19.41 ± 5.65�
IMC-Es gel 15.58 ± 4.53 22.25 ± 6.14�# 29.21 ± 6.30�# 26.50 ± 8.98�#
IMC-KTTKS-Es gel 14.99 ± 2.89 20.86 ± 4.96�# 31.59 ± 5.89�# 35.55 ± 6.78�#$
�p< .05 vs. control group, #p< .05 vs. IMC plain gel, $p< .05 vs. IMC-Es gel
treated group.

1808 J. NIU ET AL.



4. Conclusions

In this study, IMC-KTTKS-Es had been successfully prepared
by thin-film evaporation and hydration method, fully charac-
terized and evaluated after being loaded with the lipophilic
IMC, and its gel was used to transport IMC through the skin
to achieve topical analgesia and anti-inflammatory. In vitro
skin, transdermal study and CLSM evaluation showed that
IMC-KTTKS-Es could enhance the skin retention effect of IMC
when topical administration. The enhanced analgesic efficacy
of IMC-KTTKS-Es gel was significant (P< .05) compared to
IMC-Es gel of the same dose. Similarly, the anti-inflammatory
activity of IMC-KTTKS-Es gel was stronger than that of IMC-Es
gel in dimethyl benzene-induced ear swelling of mice.
Furthermore, irritation studies illustrated that the IMC-KTTKS-
Es gel did not cause any skin irritation. Overall, these results
showed that IMC-KTTKS-Es gel might be a promising trans-
dermal delivery vector for topical analgesia and anti-
inflammatory.
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