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a b s t r a c t

White mustard (Sinapis alba L.), a traditional Chinese medicine, is widely used in China for clinical
prevention and treatment of the common winter diseases of asthma and bronchitis by percutaneous
administration in the summer. The present study is to investigate the skin penetration behavior of white
mustard extract to elucidate the possible mechanism underlying its immune regulation activity. The
principle active compound of the extract, sinapine thiocyanate (ST), was used as a marker. The skin pen-
etration of ST in white mustard extract was examined in vitro and in vivo. In vitro study on excised
guinea pig hairless skin using Franz diffusion cell revealed ST can permeate through the skin and also
accumulate in the skin. In vivo study was carried out on the guinea pig hairless skin for 24 h, and then
skin was excised for frozen section, ST from the sections were extracted to quantify the amount of drug in
different skin layers. The detailed distribution of ST showed that it accumulated in the epidermis, espe-
cially in the stratum corneum. After treatment with white mustard extract for 24 h, the skin was stained
with ATPase, and the morphometric parameters of epidermal LCs were compared to the untreated con-
trol through image-analysis system. A statistically significant reduction in LC density and increase in

shape factor were observed. Cytokines related to LCs migration including interleukin 1� (IL-1�) and
tumor necrosis factor � (TNF-�) were also measured after white mustard extract treated at different
time points. Compared to the untreated group, white mustard extract significantly enhanced the release
of IL-1� and TNF�. The morphometric changes of LCs and the local cytokine release after topical white
mustard treatment may explain the activity of the white mustard extract against asthma and bronchitis.
. Introduction

White mustard (Sinapis alba L.) has been used as a traditional
hinese medicine in China and a spice in Spain, India and elsewhere
Manda et al., 2010), and its essential oil is now developed to a
ood preservative in the food industry (Ekanayake et al., 2012).
eing a traditional Chinese medicine, white mustard is widely
sed in China as an alternative medicine for clinical prevention of
he common winter diseases of asthma, bronchitis, and a variety
f other health conditions through percutaneous administration in
he summer (Fang et al., 2010; Li et al., 2012; Wen et al., 2012), and

he medication is suitable for widely application in community due
o its practical convenience and fewer side effects. Additionally,
he extract from white mustard has been reported to exhibit

∗ Corresponding author at: School of Pharmaceutical Science, Sun Yat-sen Uni-
ersity, Guangzhou 510006, China. Tel.: +86 20 39943119; fax: +86 20 39943119.

E-mail address: lssxyh@mail.sysu.edu.cn (Y. Xu).

378-5173/$ – see front matter © 2013 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.ijpharm.2013.09.015
© 2013 Elsevier B.V. All rights reserved.

anticancer activity against sporadic and obesity-associated colon
cancer (Eskin et al., 2007), and the persistent supplementation
with mustard seeds suppresses hyperproliferation of colonic
epithelial cells, formation of aberrant crypt foci, and tumors in
azoxymethane-exposed mice, which may be the results of its
antioxidative and immunosupportive activity (Yuan et al., 2011;
Zhu et al., 2012). Clinical studies of percutaneous administration
of white mustard for reducing exacerbation frequency of chronic
lung diseases in humans have been registered in the Chinese
Clinical Trial Registry (Peng et al., 2012). Topical percutaneous
application of white mustard is thought to have systemic effect
and regulates the immunity function, which likely underlies white
mustard’s ability to prevent asthma and bronchitis (Fan et al.,
2003). However, the exact mechanism of action of the white
mustard remains unclear, and the local responses at or close to the

application site on the skin are still unknown.

Skin is much more than a passive physical barrier between the
external environment and internal tissues, a major role of the skin
is to provide immune function at this crucial interface between

dx.doi.org/10.1016/j.ijpharm.2013.09.015
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
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Fig. 1. Chemical structure of sinapine thiocyanate (ST).

nside and outside (Williams and Kupper, 1996). The cutaneous
mmune network is the most accessible immune compartment
f the body, which makes the skin an attractive interface for the
dministration of vaccines and immunomodulators. Recently, the
kin has emerged as an alternative route for non-invasive delivery
f vaccines, termed as transcutaneous immunization (TCI), because
f increased understanding of the skin immune system and tech-
ical innovations in transcutaneous delivery systems (Bal et al.,
010; Seid et al., 2012; Vyas et al., 2005; Cui and Sloat, 2006). The

mmune protection conferred by TCI is not restricted to the site of
mmunization but can be observed at distant sites such as the lung
nd gut-associated mucosa (Karande and Mitragotri, 2010). Simi-
ar to lung and gut mucosal barriers, the skin exploits the immune
urveillance versatility of a well-coordinated system of epithelial
nd immune cell (Meglio et al., 2011). It is equipped with a unique
et of immunocompetent cells (i.e., keratinocytes, and Langerhans
ells (LCs)), strategically located lymph nodes, and subsets of T-
ymphocytes that constitute the skin-associated lymphoid tissue
Partidos et al., 2003). LCs in the epidermis not only act as the pro-
essional antigen-presenting cells (APCs) to induce antigen specific
cells for adaptive immune responses, but also initiate a cascade of

nnate immune responses by sensing external stimuli (Ishii et al.,
008). Additionally, upon activation by various stimuli, the kerati-
ocytes secrete a wide range of cytokines (Uchi et al., 2000). These
ytokines, especially IL-1� and TNF-�, then facilitate the disasso-
iation of LCs from keratinocytes, the migration of LCs, and the
oming of the LCs toward the lymph nodes and subsequently ini-
iating T cell-mediated protective immunity (Cumberbatch et al.,
997; Shornick et al., 2001; Wang et al., 1999).

Sinapine thiocyanate (ST, Fig. 1) is of choline ester of sinapic
cid. It is one of the major active compounds of white mustard, and
erves as the quality control standard of white mustard listed in the
harmacopeia of the People’s Republic of China. It was reported that
T has anti-inflammatory activities in xylene-induced swelling of
ouse ear, can inhibit blood capillary permeability of skin induced

y histamine in rats (Zhang et al., 1996), and relieve asthma through
elaxing airway smooth muscle (Wang et al., 2011).

Giving the role of topical delivery of white mustard extract for
he prevention of asthma and bronchitis, the present study focused
n evaluating in vitro and in vivo skin penetration of white mustard
xtract and its effects on LCs and cytokine production in the skin
pplication sites. ST was used as a standard to study white mustard
xtract penetration through the skin in vitro as well as the local site-
pecific disposition in vivo. The influence of white mustard extract
n LCs was investigated by ATPase staining, and the secretion of
ytokines of TNF-� and IL-1� was examined by ELISA.

. Materials and methods
.1. Chemicals

White mustard was obtained from a local drugstore
Guangzhou, China). One kilogram of white mustard was extracted
armaceutics 457 (2013) 136–142 137

with 10 L of 80% ethanol at boiling temperature for 2 h each time
and extracted for three times. After every extracting, the filtration
was carried out and the filtrate was collected and mixed as the
extraction solution. The extraction solution was concentrated
at 60 ◦C under vacuum until the relative density of the extract
was 1.30. The solid content of the extract was 0.65 g/ml and the
content of ST in the extract was not less than 1.86% (w/w) as
determined by high performance liquid chromatography (HPLC).
ST standard was obtained from the National Institute for the
Control of Pharmaceutical and Biological Product of China (batch
number: 111702-200501). Acetonitrile and potassium phosphate
monobasic (KH2HPO4) were from Thermo Fisher Scientific Co. (PA,
USA). Disodium adenosine triphosphate, Tris, maleic, ethylenedi-
aminetetraacetic acid (EDTA) and sodium cacodylate were from
Qiyun Biological technology Corporation Ltd. (Guangzhou, China).
Lead nitrate, ammonium sulfide, picric acid, xylene, formalde-
hyde and absolute ethyl alcohol were from Guangzhou Chemical
Reagent Factory (Guangzhou, China). Neutral balsam was from Jia
Aaron Biological Technology Corporation Ltd. (Shanghai, China).
Guinea Pig IL-1� and TNF-� kits were from Shanghai LangKa Trade
Corporation Ltd. (Shanghai, China). All other reagents used in the
experiments were of analytical grade.

2.2. Animals

Guinea pigs (male, 275–325 g) were from the Research Center
of Laboratory Animals, Guangzhou University of Traditional Chi-
nese Medicine (license number: SCXK (YUE) 2008-0020). Animal
experiments were performed in accordance to the Principles of Lab-
oratory Animal Care and Use in Research published by the Chinese
Ministry of Health. The animal protocol was approved by the Insti-
tutional Animal Care and Use Committee at Sun Yat-sen University.
Guinea Pigs were kept in well-spaced ventilated cages and provided
standard diets prior to the studies for 24 h. The cages were housed
under climate-controlled room (temperature of 25 ± 2 ◦C, humidity
of 45 ± 5%, light/dark cycle of 12/12 h).

2.3. In vitro penetration studies

Guinea pigs were euthanized with carbon dioxide asphyxiation.
Hair on the dorsal of the guinea pigs was carefully trimmed. The
dorsal skin was excised. After the removal of subcutaneous fat and
other tissues, the skin was then rinsed with normal saline (NS) solu-
tion. Skin specimens (n = 6) were sandwiched securely between the
donor and receptor compartments of Franz diffusion cell (Kaikai
Technology, Ltd., Shanghai, China) with the stratum corneum (SC)
side facing the donor compartment. The receptor compartment was
filled with 8 ml of 10% (v/v) ethanol in NS solution (pH value was
adjusted to 5.5 with dilute hydrochloric acid). The solution in the
receptor compartment was continuously stirred at 300 rpm with a
magnetic bar and maintained at 37 ± 0.2 ◦C with a circulating water
bath. White mustard extract of 210 mg was carefully spread onto
the skin surface, and the donor cell was then occluded with parafilm
(Chicago, USA). One milliliter of the receiving solution was with-
drawn at 0.5, 1, 2, 4, 6, 8, 12, 24 h, and the same volume of fresh
receiving solution was added into the receptor compartment after
each sampling.

At the end of the study (i.e., after 24 h), the skin was removed
from Franz diffusion cell, thoroughly washed, dried with paper,
minced manually with scissors, and then added to a tube with
3 ml of 10% (v/v) ethanol in NS solution (pH 5.5) for homogeniza-
tion with ultrasonic processor (Qsonica, USA). The homogenate was

centrifuged at a speed of 3000 rpm for 10 min. The supernatant
was then filtered through a microporous membrane of 0.22 �m. All
samples were analyzed with HPLC to determine the concentration
of ST.
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.4. In vivo penetration studies

Twelve guinea pigs were divided into 2 groups, 6 animals per
roup. Guinea pigs were anesthetized with 20% (m/v) Urethane.
air on the dorsal of the guinea pigs was carefully trimmed. The

rimmed skin was cleaned with an alcohol swab, air-dried, and a
cm × 1 cm area was marked on the skin surface. White mustard
xtract of 210 mg was carefully applied onto the marked area, and
he skin was then covered with a piece of self-adhesive Tegaderm®

atch from 3 M (St. Paul, MN, USA) for better skin adherence. In
he untreated control group, the skin area was only covered with
patch without applying the extract. The patch and the remaining
xtract were removed 24 h later. The animals were sacrificed, and
he application area of the skin was harvested and embedded
n optimal cutting temperature (OCT) compound. Section of the
kin was cut horizontally on an LKB Ultrotome III (LKB, Bromma,
weden) from outside to inside and the cuts of each skin layer
ere summarized to one sample (Schmalfu et al., 1997; Volpato

t al., 1998). Based on the preliminary histological H&E staining
f skin specimen (data not shown), the thickness of each skin layer
as as follows: stratum corneum (SC) 25 �m, viable epidermis (VE)

00 �m, dermis (D) 1000 �m, and the remaining for hypodermis
HD). ST was extracted with 10% (v/v) ethanol in NS solution (pH
.5) as mentioned in above. The samples were stored at −20 ◦C prior
o analysis.

.5. HPLC

HPLC was employed to determine ST content in all samples.
PLC was performed with a Shimadzu LC-15C system, consisting

wo pumps (LC-15c), a column thermostat (CO-1000), a sample
rocessor (7725i) and a UV detector (SPD-15c). Compounds were
eparated on a C-18 reverse column (5 �m, 250 mm × 4.6 mm,

elch). The mobile phase was a mixture of phosphate buffer
0.08 M KH2PO4) and acetonitrile (10:90, v/v). The flow rate was
.0 ml/min. The column temperature was 25 ◦C. The detector was
et at 326 nm and the injection was 10 �l. The ST peak in samples
as identified by comparison of the retention time with the ST

tandard analyzed under the same condition.

.6. Membrane-associated ATPase staining
The ATPase staining technique is routinely used for human and
ice skin LCs. Guinea pigs (n = 21, 3 for each time point) were

reated with white mustard extract as in the in vivo penetration
xperiment. The animals were sacrificed at 0, 1, 2, 4, 8, 12, 24 h after
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ig. 2. In vitro permeation of ST through guinea pig skin. Each point represented
ean ± SD from 6 determinations.
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the initiation of percutaneous dosing. The treated skin was excised
and incubated for 4 h at 37 ◦C in a 0.76% (w/v) Na2EDTA solution,
and the epidermal sheet was separated from the dermis. The epi-
dermal sheet was washed 3 times with 0.2 M Tris-maleate buffer
(pH 7.2) for 10 min, fixed for 20 min at 4 ◦C in 0.1 M cacodylate
buffer (pH 7.3) and then washed again. The washed sheet was incu-
bated at 37 ◦C for 30 min with an ATPase solution containing 8 mg
of ATP, 1 ml of 2% PbNO3, 1 ml of 0.1 M MgSO4, 5 ml of 0.2 M Tris-
maleate buffer (pH 7.2) and 4 ml of distilled water. The incubated
sheet was washed, developed for 5–10 min at room temperature
with 1% (w/v) ammonium sulfide, then washed with water and
dehydrated in an ethanol gradient. Subsequently, the stained epi-
dermal sheet was mounted on the glass slide with neutral balsam
and observed with a Nikon EclipseTs10-F light microscope (Tokyo,
Japan).

2.7. Morphometric analysis of LCs

Morphometric parameters of LCs, assessed following
ATPase staining, were measured with an image-analysis
system: Image-Pro Plus (E0S Utility Version 2.8.1.0). The software
analyzes randomly selected images by sorting them according to
the distribution of gray levels. Experiments were carried out in
duplicate. One hundred cells were analyzed in each plate. The cell
morphological characteristics studied were the average perimeter
(�m), the average surface (�m2), the shape factor (SF), and density
of the cells. The SF is a morphological criterion without unit, which
varies between 0 and 1 and reflects the cell shape. Its mathematical
formula is: SF = 4 × � × (cell image area)/(cell perimeter)2 (Seı́guier
et al., 2000). Thus the shape factor is closer to 1 if the cell is
round, and closer to 0 if it is elongated. The more dentritic the cell,
the closer SF is to zero (Touitou et al., 2002). The density is the
number of LCs per square millimeter of epidermis. In our study we
expressed the density and SF results as percent change compared
to data obtained from the control samples: %change = (value after
treatment − control value)/control value × 100%.

2.8. In vivo cytokines release and assay

Guinea pigs (n = 27) were divided into 9 groups with 3 guinea
pigs in each group, 6 groups for white mustard treated groups.
Controls were comprised of 2 positive groups that had received
intradermal injection of IL-1� (640 pg/ml, 30 �l) and TNF-�
(240 pg/ml, 30 �l), respectively. Guinea pigs in the negative control

group were left untreated. The white mustard extract was applied
topically on guinea pigs as mentioned above, and animals were
sacrificed 1, 2, 4, 8, 12, 24 h later. The skin samples were excised
and washed with normal saline. The skin samples in guinea pigs in
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Fig. 3. Comparsion of the ST accumulation in the skin strata.
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he positive groups were collected 24 h after the injection. Every
kin sample was mixed with 1 ml of normal saline and homoge-
ized. The homogenate was centrifuged at a speed of 3000 rpm for
0 min to collect the supernatant. The concentrations of IL-1� and
NF-� in the supernatant were measured with commercially avail-
ble ELISA kits according to the manufacturer’s instructions. The
LISA kits contain specific antibodies, peroxidase-conjugated sec-
ndary antibody, and tetramethylbenzidine (TMB) substrate. The
ntensity of the colored product was read at 450 nm (BioTek® Syn-
rgy HT, USA). Data (in pg/ml) were extrapolated from absorbance
alues using standard curves generated by linear regression
nalysis.

In order to observe the sustained release of cytokines, another
uinea pigs (n = 12) were divided into 4 groups with 3 guinea pigs

n each group. The white mustard extract was applied topically on

uinea pigs for 24 h as mentioned above, and then removed. Ani-
als were sacrificed 12, 24, 48 and 72 h after the termination of

reatment. The skin samples were prepared and the cytokines were
easured as mentioned above.
ope after treatment with white mustard extract.

2.9. Statistical analysis

All measurements were performed in sextuplicate or triplicate.
Comparisons between two groups were analyzed by Student’s t-
test using SPSS 13.0 software (SPSS Inc., Chicago, IL USA). Results are
expressed as the mean ± SD. A difference of P < 0.05 was considered
statistically significant.

3. Results and discussion

3.1. Penetration of ST through guinea pig skin in vitro

The penetration of ST through guinea pig skin in vitro was car-
ried out to evaluate if the active compound(s) in white mustard
extract can be released from the extract and penetrate into the

stratum corneum and the other skin layers. Guinea pig is often
used to establish animal models of asthma; its skin is easily avail-
able (Canning and Chou, 2008), and thus is a suitable substitute
for human skin in the in vitro permeation experiment. The dose of
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Table 1
The morphologic parameters of LCs in guinea pig skin samples treated or untreated with mustard extract for 24 h. Data are mean ± SD (n = 6).

Group Dendricity Cell area (�m2) Cell perimeter (�m) SF Density (cells/mm2)
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shows the morphology of LCs from untreated skin. Dendritic cells
were clearly seen uniformly distributed. The cell body was big and
circular, and the dendrites were thick and long, which are charac-
teristics of dentritic cell morphology and are in agreement with the
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P<0.001

P<0.001
Untreated 5.9 ± 1.1 (4–7) 142 ± 28
White mustard extract 2.3 ± 0.7* (1–3) 79 ± 12*

* P < 0.05 vs. untreated.

he white mustard extract used in the guinea pig studies was fixed
t 210 mg based on dose conversion from the clinical application
f white mustard to human. For in vitro drug penetration study,
he receiving solution was maintained with the sink condition in
rder to avoid artificial saturation effects. Because ST is a water and
thanol soluble thiocyanate of sinapine; the sink condition can be
rovided with a normal saline solution or 10% (v/v) ethanol in NS
olution. However, at the end of the penetration study (i.e., after
4 h), ST was extracted from the skin for measuring the retention,
he extracting ratio in 10% (v/v) ethanol in NS solution is higher than
hat in NS without ethanol. In order to compare ST content through
he skin with that in the skin, the 10% (v/v) ethanol in NS solution
as chosen to be the receiving solution as well as the extract sol-

ent. Additionally, ST is a choline ester of sinapic acid, and the ester
f ST can be easily hydrolyzed into sinapic acid and choline in the
eutral and alkaline condition (Li and Rassi, 2002). In our prelimi-
ary experiment, the 10% (v/v) ethanol in NS solution was adjusted
o different pH values with dilute hydrochloric acid, and ST stabil-
ty in these solutions was investigated. Finally, the solution with
H adjusted to 5.5 was used as the receiving solution because no
pparent hydrolysis of ST was detected in this solution within 48 h
t 37 ◦C, and the solubility of ST in this solution is 2.83 ± 0.21 mg/ml.

The cumulative amounts of ST permeated across guinea pig skin
�g/cm2) were calculated and plotted as a function of time (Fig. 2).
he steady-state flux was determined as the slope of the linear
ortion of the plot. It was observed that ST penetrated through
he skin in accordance with an almost linear increasing with the
ime. The correlation between the cumulative amount of ST and the
ime was Qn = 1.263 × t + 0.5528, r = 0.9995, indicating near zero-
rder penetration kinetics. The cumulative permeated amount
fter 24 h and the steady-state flux were 31.05 ± 7.22 �g/cm2 and
.263 �g/cm2 h, respectively. The amount of ST remained in the
kin at 24 h was 19.51 ± 3.94 �g/cm2. Taken together, these results
evealed that ST could release from the white mustard extract and
enetrate through the skin. The relative higher retention of ST in
he skin implied that the skin is a reservoir for ST.

.2. Distribution of ST in guinea pig skin in vivo

To evaluate the local distribution of ST after topically percu-
aneous application of white mustard, the concentrations of ST
n the skin were determined following the in vivo experiment,
nd the amount of ST in each section was determined, respec-
ively. In order to investigate the distribution of ST in the different
kin strata, based on the preliminary histological H&E staining
f skin specimen, frozen sectioning, instead of the conventional
ape-stripping method which is often used to separate the stratum
orneum from the skin, was applied to obtain the exact different
ayers of skin (Djabri et al., 2012; Manconi et al., 2011). The mean
ontent of ST in different sections of skin was 7.83 ± 0.179 �g/cm2

n SC, 3.30 ± 1.02 �g/cm2 in VE, 2.62 ± 0.79 �g/cm2 in D, and
.40 ± 0.19 �g/cm2 in HD (Fig. 3). The content expressed as percent-
ge of skin absorbed dose is 55.34% of SC, 23.32% of VE, 18.52% of D,
nd 2.83% of HD. The distribution of ST in different sections of the

kin was SC > VE > D > S. The total retention of ST was 14.15 �g/cm2

100%) in the skin, with 11.13 �g/cm2 (78.66%) in the epidermis
i.e., SC and VE). It is obvious that most ST was accumulated in the
pidermis, especially in the stratum corneum when white mustard
128 ± 21 0.11 ± 0.02 1428 ± 176
54 ± 8* 0.36 ± 0.09* 1155 ± 183*

extract was applied for 24 h, suggesting that a higher drug con-
centration would be provided by site-specific delivery to local skin
after percutaneous administration of white mustard extract.

3.3. Changes in LCs following topical treatment with white
mustard extract

Langerhans cells are epidermal dendritic cells which function as
professional antigen presenting cells (APCs) to process exogenous
antigen and to present it in an immunogenic form to T Lymphocytes
for initiating the immune responses (Banchereau and Steinman,
1998). Upon sensing stimulating signals, LCs may be activated and
exhibit rapid and profound changes in morphology, gene expres-
sion profile, surface phenotype, and function (Nishibu et al., 2006),
which lead to the maturation and migration of LCs via the afferent
lymphatics to the draining lymph nodes. Therefore, we evaluated
the effect of percutaneously applied white mustard extract on the
morphology of the LCs in guinea pig skin. The results of a repre-
sentative ATPase staining experiment are shown as Fig. 4. Fig. 4A
0
Blank control Treated 24 h TNFα posi�ve control

Fig. 5. Cytokines (IL-1� and TNF�) release after treated with white mustard extract.
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eports by others (Aiba and Katz, 1990; Figueroa and Caorsi, 1980).
owever, after the treatment with white mustard extract, the mor-
hology of LCs changed significantly (Fig. 4B–G). The cell body was
maller and round, and the dendrites were short and small or even
isappeared (Mummert et al., 2003), the percentage of change of
Cs SF with the treatment time was shown in Fig. 4H. It might impli-
ate that the treatment with white mustard extract induced LCs
aturation and disassociation from the surrounding keratinocytes

nd migration from the epidermis to draining lymph nodes. The
endricity, average area, perimeter, SF values and density of LCs
easured from skins treated and untreated with white mustard

xtract for 24 h are shown in Table 1. White mustard extract appli-
ation led to a large decrease in cell density (−19.12%, P < 0.05) and
significant increase in dendritic shape (227.27%, P < 0.01), show-

ng that LCs numbers in skin samples treated with white mustard
xtract were significantly reduced as compared to untreated sam-
les, and the dendritic shape was also dramatically affected. These
hanges in LCs may be the result of cell migration out of the skin
nd toward the lymph nodes and then initiating T cell-mediated
rotective immunity.

.4. Enhancement of cytokines Release in the skin by white
ustard extract

The maturation and migration of LC require the interplay of a
omplex series of events involving cytokines, chemokines, adhe-
ion molecules and matrix metalloproteinases (Jakob et al., 2001).
he migration of LCs and the availability of signals that induce this

esponse are integral to the initiation of cutaneous immunity. Of
he cytokines involved in the migration of LCs, IL-1� and TNF-�
re necessary and provide the mandatory signals for the migration
f LCs from the epidermis to draining lymph nodes (Cumberbatch
ated with mustard extract for different time.

et al., 1997, 2000). In order to clarify the possible role of white
mustard extract on the secretion of IL-1� and TNF-� by epidermal
cells, the contents of IL-1� and TNF� in the treated and untreated
skin were analyzed by ELISA (Shankar et al., 1996). As shown in
Fig. 5A and B, compared to the untreated group, white mustard
extract significantly enhanced the contents of IL-1� (P < 0.05) and
TNF� (P < 0.001) in the skin, even higher than those in the posi-
tive injection groups, but there is no significant difference between
them, IL-1� (P = 0.434) and TNF� (P = 1.00). Both IL-1� and TNF�
were increased as a function of the application time (Fig. 6A and
B), and they remained detectable even 72 h after the extract was
removed (Figs. 6A and B). Hence it appears that topical treatment
with white mustard extract induced the sustained secretion of
these two cytokines in local skin, which likely plays an impor-
tant role in LC maturation and migration and the resultant immune
response.

4. Conclusions

In the present study, the penetration of white mustard extract
through the guinea pig hairless skin was carried out with its effec-
tive compound ST as a marker. ST was demonstrated clearly to
permeate across the skin with a zero kinetics and deposit in the
skin in vitro. The deposition of ST in the skin was further con-
ducted in vivo and that most ST was accumulated in the epidermis,
especially in the stratum corneum. As expected, the penetration
results contributed a conclusion that the active compound of white
mustard extract could be delivered percutaneously and produced

a high local drug concentration for site-specific sustaining stimuli.
The morphometric changes of Langerhans cells were analyzed in
comparison to the untreated group, which implied that, encoun-
tering active compounds of white mustard extract, LCs disassociate
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rom epidermis in preparation for migration into draining lymph
odes for induction of cutaneous immune responses. In addition,
he enhancement of release of IL-1� and TNF� after the treatment
f white mustard extract were also observed and it can be inferred
hat the enhanced release of the two cytokines would lead to the
hanges of LCs. Overall, We have shown that the active compounds
f white mustard extract could penetrate across the skin and accu-
ulate in the skin, especially in the epidermis. Topical application

f white mustard extract also induced morphological change in LCs
n the skin and stimulated the secretion of IL1b and TNFa in the
kin, suggesting the activation of immunity responses, which may
e the rationale underlying the clinical prevention and treatment
f asthma and bronchitie with white mustard extract through per-
utaneous administration. Nevertheless, further work needs to be
one in order to have a complete elucidation of the immunity pro-
ective mechanism of white mustard extract through percutaneous
dministration.

cknowledgments

The work was financially supported by National Natural Science
oundation of China (No. 81073066) and Department of Science and
echnology, Guangdong, China (No. 2007B031406002).

eferences

iba, S., Katz, S.I., 1990. Phenotypic and functional characteristics of in vivo-activated
langerhans cells. J. Immunol. 145, 2791–2796.

al, S.M., Ding, Z., Riet, E.V., Jiskoot, W., Bouwstra, J.A., 2010. Advances in transcu-
taneous vaccine delivery: do all ways lead to Rome? J. Control. Release 148,
266–282.

anchereau, J., Steinman, R.M., 1998. Dendritic cells and the control of immunity.
Nature 392, 245–252.

anning, B.J., Chou, Y., 2008. Using guinea pigs in studies relevant to asthma and
COPD. Pulm. Pharmacol. Ther. 21, 702–720.

ui, Z.R., Sloat, B.R., 2006. Topical immunization onto mouse skin using a microemul-
sion incorporated with an anthrax protective antigen protein-encoding plasmid.
Int. J. Pharm. 317, 187–191.

umberbatch, M., Derman, R.J., Kimber, I., 1997. Langerhans cells require signals
from both tumour necrosis factor-� and interleukin-1� for migration. Immunol-
ogy 92, 388–395.

umberbatch, M., Dearman, R.J., Griffiths, C.E.M., Kimber, I., 2000. Langerhans cell
migration. Clin. Exp. Dermatol. 25, 413–418.

jabri, A., Guy, R.H., Delgado-Charro, M.B., 2012. Passive and iontophoretic transder-
mal delivery of phenobarbital: implications in paediatric therapy. Int. J. Pharm.
435, 76–82.

kanayake, A., Zoutendam, P.H., Strife, R.J., Fu, X., Jayatilake, G.S., 2012. Development
of white mustard (Sinapis alba L.) essential oil: a food preservative. Food Chem.
133, 767–774.

skin, N.A.M., Raju, J., Bird, R.P., 2007. Novel mucilage fraction of Sinapis alba L.
(mustard) reduces azoxymethane-induced colonic aberrant crypt foci formation
in F344 and Zucker obese rats. Phytomedicine 14, 479–485.

an, H., Zou, W.H., Wang, X.U.H.X., Hu, W.L.D.P., 2003. Clinical study on prevention
and treatment of asthma by application of San Zi powder according to selection
of time. J. Tradit. Chin. Med. 44, 183–185.

ang, Y., Zhou, X., Liu, B., Wang, Y., 2010. A study of the basic drugs and points
for point application in summer to treat the diseases with attacks in winter. J.
Traditional Chin. Med. 30, 180–184.

igueroa, C.D., Caorsi, I., 1980. Ultrastructural and morphometric study of the Langer-
hans cell in the normal human exocervix. J. Anat. 131, 669–682.

shii, Y., Nakae, T., Sakamoto, F., Matsuo, K., Matsuo, K., Quan, Y.S., Kamiyama, F.,
Fujita, T., Yamamoto, A., Nakagawa, S., Okada, N., 2008. A transcutaneous vacci-
nation system using a hydrogel patch for viral and bacterial infection. J. Control.
Release 131, 113–120.
akob, T., Ring, J., Udey, M.C., 2001. Multistep navigation of Langerhans/dendritic
cells in and out of the skin. J. Allergy Clin. immunol. 108, 688–696.

arande, P., Mitragotri, S., 2010. Transcutaneous immunization: an overview of
advantages, disease targets, vaccines, and delivery technologies. Annu. Rev.
Chem. Biomol. Eng. 1, 175–201.
armaceutics 457 (2013) 136–142

Li, J., Rassi, Z.E., 2002. High performance liquid chromatography of phenolic
choline ester fragments derived by chemical and enzymatic fragmenta-
tion processes: analysis of sinapine in rape seed. J. Agric. Food Chem. 50,
1368–1373.

Li, J.S., Li, S.Y., Yu, X.Q., Xie, Y., Wang, M.H., Li, Z.G., Zhang, N.Z., Shao, S.J.,
Zhang, Y.J., Zhu, L., Guo, L.X., Bai, Y.P., Wang, Y.F., 2012. Bu-fei Yi-Shen gran-
ule combined with acupoint sticking therapy in patients with stable chronic
obstructive pulmonary disease: a randomized, double-blind, double-dummy,
active-controlled, 4-center study. J. Ethnopharmacol. 141, 584–591.

Manconi, M., Caddeo, C., Sinico, C., Valenti, D., Mostallino, M.C., Biggio, G., Fadda, A.M.,
2011. Ex vivo skin delivery of diclofenac by transcutol containing liposomes and
suggested mechanism of vesicle–skin interaction. Eur. J. Pharm. Biopharm. 78,
27–35.

Manda, K.R., Adams, C., Ercal, N., 2010. Biologically important thiols in aqueous
extracts of spices and evaluation of their in vitro antioxidant properties. Food
Chem. 118, 589–593.

Meglio, P.D., Perera, G.K., Nestle, F.O., 2011. The multitasking organ: recent insights
into skin immune function. Immunity 35, 857–869.

Mummert, D.I., Takashima, A., Ellinger, L., Mummert, M.E., 2003. Involvement of
hyaluronan in epidermal Langerhans cell maturation and migration in vivo. J.
Dermatol. Sci. 33, 91–97.

Nishibu, A., Ward, B.R., Jester, J.V., Ploegh, H.L., Boes, M., Takashima, A., 2006. Behav-
ioral responses of epidermal Langerhans cells in situ to local pathological stimuli.
J. Invest. Dermatol. 126, 787–796.

Partidos, C.D., Beignon, A.-S., Mawas, F., Belliard, G., Briand, J.-P., Muller, S., 2003.
Immunity under the skin: potential application for topical delivery of vaccines.
Vaccine 21, 776–780.

Peng, J., Wu, X.Q., He, L.Y.G., Fang, Y.G., Zi, M.J., Yan, S.Y., Liu, B.Y., 2012. Effects of
summer acupoint application therapy in reducing exacerbation frequency of
chronic lung diseases: protocol of a retrospective and prospective study. J. Chin.
Integr. Med. 10, 39–47.

Schmalfu�, U., Neubert, R., Wohlrab, W., 1997. Modification of drug penetration into
human skin using microemulsions. J. Control. Release 46, 279–285.

Seid Jr., R.C., Look, J.L., Ruiz, C., Frolov, V., Flyer, D., Schafer, J., Ellingsworth, L., 2012.
Transcutaneous immunization with Intercell’s vaccine delivery system. Vaccine
30, 4349–4354.

Seı́guier, S., Godeau, G., Leborgne, M., Pivert, G., Brousse, N., 2000. Quantitative mor-
phological analysis of Langerhans cells in healthy and diseased human gingival.
Arch. Oral Biol. 45, 1073–1081.

Shankar, G., Pickard-elias, S., Brunham, K., 1996. Superantigen-induced Langer-
hans cell depletion is mediated by epidermal cell-derived IL-1a and TNFa. Cell
Immunol. 171, 240–245.

Shornick, L.P., Bisarya, A.K., Chaplin, D.D., 2001. IL-1� is essential for Langer-
hans cell activation and antigen delivery to the lymph nodes during contact
sensitization: evidence for a dermal source of IL-1�. Cell Immunol. 211,
105–112.

Touitou, E., Godin, B., Karl, Y., Bujanover, S., Becker, Y., 2002. Oleic acid, a skin pen-
etration enhancer, affects Langerhans cells and corneocytes. J. Control. Release
80, 1–7.

Uchi, H., Terao, H., Koga, T., Furue, M., 2000. Cytokines and chemokines in the epi-
dermis. J. Dermatol. Sci. 24, S29–S38.

Volpato, N.M., Nicoli, S., Laureri, C., Colombo, P., Santi, P., 1998. Invitro acyclovir
distribution in human skin layers after transdermal iontophoresis. J. Control.
Release 50, 291–296.

Vyas, S.P., Singh, R.P., Jain, S., Mishra, V., Mahor, S., Singh, P., Gupta, P.N., Rawat, A.,
Dubey, P., 2005. Non-ionic surfactant based vesicles (niosomes) for nio-invasive
topical genetic immunization against hepatitis B. Int. J. Pharm. 296, 80–86.

Wang, B., Amerio, P., Sauder, D.N., 1999. Role of cytokines in epidermal Langerhans
cell migration. J. Leukoc. Biol. 66, 33–39.

Wang, H., Yuan, Y., Qiu, L., Feng, B., Wang, H.G., Jiang, G., Shi, L.Y., Tang, L., Wang, Y.Q.,
Liu, D., Cao, X.M., 2011. Effect of sinapine on relieving asthma and its mechanism.
Chin. Tradit. Herb. 42, 134–136.

Wen, B., Liu, B., Peng, J., Wang, X., Xiang, X., Liu, X., Hu, J., Lu, F., He, L., Zhu, W., Fang, Y.,
Wang, Y., 2012. Clinical research of acupoint application for treatment of winter
disease in summer used to prevent and treat bronchial asthma in children. J.
Tradit. Chin. Med. 32, 31–39.

Williams, I.R., Kupper, T.S., 1996. Immunity at the surface: homeostatic mechanisms
of the skin immune system. Life Sci. 58, 1485–1507.

Yuan, H.F., Zhu, M.G., Guo, W., Jin, L., Chen, W.H., Brunk, U.T., Zhao, M., 2011. Mustard
seeds (Sinapis Alba Linn) attenuate azoxymethane-induced colon carcinogene-
sis. Redox Rep. 16, 38–44.

Zhang, m., Shen, y., 1996. Antidiarrheal and anti-inflammatory effects of sinapine.

Pharmacol. Clin. Chin. Mater. Med. 12, 29–31.

Zhu, M.G., Yuan, H.F., Guo, W., Li, X.Y., Jin, L., Brunk, U.T., Han, J.H., Zhao,
M., Lu, Y.W., 2012. Dietary Mustard Seeds (Sinapis alba Linn) Suppress 1,2-
Dimethylhydrazine-Induced Immuno-Imbalance and Colonic Carcinogenesis in
Rats. Nutr. Cancer 64, 464–472.


	Skin penetration of topically applied white mustard extract and its effects on epidermal Langerhans cells and cytokines
	1 Introduction
	2 Materials and methods
	2.1 Chemicals
	2.2 Animals
	2.3 Inprotect protect unhbox voidb@x penalty @M  {}vitro penetration studies
	2.4 Inprotect protect unhbox voidb@x penalty @M  {}vivo penetration studies
	2.5 HPLC
	2.6 Membrane-associated ATPase staining
	2.7 Morphometric analysis of LCs
	2.8 Inprotect protect unhbox voidb@x penalty @M  {}vivo cytokines release and assay
	2.9 Statistical analysis

	3 Results and discussion
	3.1 Penetration of ST through guinea pig skin inprotect protect unhbox voidb@x penalty @M  {}vitro
	3.2 Distribution of ST in guinea pig skin inprotect protect unhbox voidb@x penalty @M  {}vivo
	3.3 Changes in LCs following topical treatment with white mustard extract
	3.4 Enhancement of cytokines Release in the skin by white mustard extract

	4 Conclusions
	Acknowledgments
	References


