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ARTICLE INFO ABSTRACT

This study is aimed to further investigate the anti-atopic dermatitis (AD) activities of dehydroxymethylepox-
yquinomicin (DHMEQ) ointment and compare its effect with that of tacrolimus ointment based on the previous
study that DHMEQ improves AD-like lesions. AD were induced by 2,4-dinitroclilorobenzene/oxazolone (DNCB/
OX) repeatedly on the ears of BABL/C mice while medical tape was additionally used to disrupt stratum corneum
in order to exacerbate the lesions. The mice were randomly divided into groups, which are normal, vehicle,
DHMEQ (0.1%) and tacrolimus (0.1%). Those in the last two groups were externally applied with DHMEQ
ointment and tacrolimus ointment, respectively. The results showed that both of them significantly improved
dermatitis symptoms of DNCB/OX-induced AD-like lesions, such as redness, itching, weeping, scaling and
thickening of the skin, while reducing epidermis thickness, dermis thickness and the number of mast cells as
well, which were examined histopathologically. In contrast with DHMEQ, tacrolimus led to a significant de-
crease in body weight after long-term application. Both DHMEQ and tacrolimus suppress DNCB-induced increase
of serum total IgE and attenuate expression of inflammatory factors IL-4, IL-6, IL-13, IL-1p and interferon (IFN)-y
in the disrupted ear tissues. On the other hand, the mice applied with tacrolimus became obviously irritable,
jumping up and down, and inflammatory exudation on the lesioned-skin surface of the mice was remarkably
observed. Contrary to the side effects made by tacrolimus, DHMEQ didn't cause any adverse stimulus response.
As a conclusion, DHMEQ is safer, milder and more suitable for long-term use than tacrolimus for the treatment of
AD-like lesions.
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inflammatory mediators, primarily IL-4, IL-5, IL-13 and the level of IgE
as well [5]. IL-6 is also regarded as a proinflammatory cytokine asso-

1. Introduction

AD is a chronic, allergic and inflammatory skin disease, the main
symptoms of which are characterized by itching, dryness, redness,
scaling and peeling of the skin [1,2]. It is currently accepted that the
development of AD-like lesions is associated with skin barrier dys-
function and a skewed balance of T-helper (Th) cells in immunological
system [3]. Th cell dysfunction and IgE production are considered to
probably play key roles in the pathogenesis. The main changes in pa-
tients with AD may include elevated IgE level in serum, markedly in-
creased number of inflammatory cells such as eosinophils, mast cells
and lymphocytes, which are mediated by Thl and Th2 immune re-
sponses [4]. Besides, Th2 differentiation of naive CD4 + cell is very
important in the allergic state of AD, which increases the production of

ciated with skin healing and inflammation [6] that its regulation on the
inflammatory cell transmission of genes may profoundly affect the
pathology of dermatitis.

Nowadays, drugs used for the therapy of AD in clinic are still scarce,
yet tacrolimus, one of calcineurin inhibitors (CNIs), exhibits sa-
tisfactorily therapeutic effect on AD to some extent [7]. Mechanisms of
its action are involved in decreasing expression of inflammatory cyto-
kines by inhibiting the activation of T cells [8]. Compared with corti-
costeroids, the drug is a newly developed external ointment but it has a
few of problems, especially those concerning safety [9]. Several studies
ascribed the poor efficacy of tacrolimus for topical treatment to its high
hydrophobicity and high molecular weight [10]. Hanifin et al.
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Fig. 1. Induction of stratum corneum-removed AD on mouse ears and drug treatment.

demonstrated that the most common adverse effects in the adminis-
tration site are itches, skin burns and skin infections [11].

Dehydroxymethoxyquinolone (DHMEQ), firstly devised by
Umezawa et al. [12], was found to have anti-cancer and anti-in-
flammation function in vitro and in vivo without apparent adverse ef-
fects. Stratum corneum is a major physiological barrier to transdermal
drug delivery systems, so it is a big challenge to overcome the effect of
stratum corneum barrier with enough active drug concentration to
reach the dermis. Molecular properties of drugs are crucial for trans-
dermal potential in transdermal drug delivery systems. It is believed
that a drug cannot penetrate skin when molecular weight is > 500 Da
[13]. It happens that DHMEQ is a nuclear factor-xB (NF-kB) inhibitor
with low molecular weight and hopefully penetrate skin. NF-kB sig-
naling pathway is a major regulatory system for cell proliferation, dif-
ferentiation, immune response and inflammation [14]. The pathway in
tissues is often activated in autoimmune diseases like AD [15]. NF-kB is
the transcription factor, promoting transcription of immunoglobulin
cytokines such as IL-1, IL-6 and TNF-a [16]. DHMEQ inhibited the TNF-
a-induced nuclear accumulation of p65, one of the NF-kB family pro-
teins, and showed anti-inflammation properties [17,18]. It has been
also reported that DHMEQ does not merely inhibit the expression of
various immune cytokines such as IL-4, IL-6, IL-13, but also reduce
inflammation and the proliferation of breast, prostate, epithelial
ovarian cancer thyroid and hepatocellular carcinoma cells [19-21].
Therefore, DHMEQ is promised to be an alternative and a new type of
drug for the treatment of AD.

In the present study, the effects of DHMEQ and tacrolimus against
AD were compared, and their inhibition of inflammatory mediators was
investigated as well. Observation was focused on their side effects
during the evaluation of the therapeutic outcomes of the AD-like le-
sions.

2. Materials and methods
2.1. Drugs and chemicals

Vehicle ointment (plastibase), containing 950 mg liquid paraffin
and 50mg polyethylene each gram, was supplied by Taisho
Pharmaceutical Co., Ltd. (Tokyo, Japan). 0.1% DHMEQ ointment (mi-
cronized DHMEQ were evenly mixed into the plastibase) was provided
by Shenzhen Wanhe Pharmaceutical Co., Ltd. (Guangdong, China).
0.1% Tacrolimus ointment, purchased from local pharmacy, was the
product of Anstai Pharmaceutical Co., Ltd. (China). DNCB was bought
from Xiya reagent Inc. (Chengdu, China) and OX from Sigma (St. Louis,
MO, USA). RayBio® Mouse IgE ELISA Kit was made by RayBiotech, Inc.
(Atlanta, GA, USA). Trizol® reagent came from Ambion Inc. (Carlsbad,
CA, USA). PrimeScript™ reagent Kit with gDNA Eraser (Perfect Real
Time) and SYBR® Premix Ex Taq™ II (Tli RNaseH Plus) were offered by
Takara BIO, Inc. (Dalian, China). Other reagents available in this study
were of analytical grade or higher grade without further purification.
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2.2. Animals

Six-week-old female BABL/c mice, weighting 18-22 g, were pro-
vided by the Experimental Animal Center of Shenyang Pharmaceutical
University. They were housed (15 mice per group) in standard en-
vironmental conditions (22 * 1°C, humidity 60 = 5%, 12h light:
12 h dark cycle) with free access to standard commercial diet and water
ad libitum. After a 7-day adaptation period, all experiments were per-
formed during the light phase. The animal experiments were conducted
according to the rules of animal experimentation and the guide for the
Care and Use of Laboratory Animals of Shenyang Pharmaceutical
University. The protocol also followed the rules of the local Animal
Ethics Committee (SYPU-IACUC-S20170405-107).

2.3. Methods

2.3.1. Induction of stratum corneum-removed AD and drug treatment

AD-like lesions without stratum corneum were induced according to
the literatures [22,23], with slight modification. The mice were ran-
domly allocated into four groups (n = 15 in each group), i.e. Normal
group (without AD), Vehicle group, DHMEQ group and Tacrolimus
group. Hair on the surfaces of both ear lobes was sheared with medical
scissors ahead of time. Twenty microliters of 1% DNCB were painted on
each ear and paw respectively for sensitization on Day 0 and twenty
microliters of 1% DNCB or 1% OX was daily rubbed on each ear for
challenge from Day 7 on. Both the agents were alternatively applied to
the ears twice a week throughout 44 days. In addition, the stratum
corneum layer of the ear skin was stripped off by adhesive tape before
each challenge. 0.1% DHMEQ ointment and 0.1% tacrolimus ointment
were respectively used on the skin-injured ears of the mice in Group
DHMEQ and tacrolimus twice a day (b.i.d.) from Day 18 till Day 44.
Twenty mice, i.e. five taken in each group, were examined on Days 31,
38 and 45, respectively. The protocol was shown in Fig. 1.

Hair on the surface of both ear lobes was sheared with medical
scissors in advance. Twenty microliters of 1% DNCB were applied on
each ear and paw respectively for sensitization on Day O and twenty
microliters of 1% DNCB or 1% OX was daily painted on each ear for
challenge from Day 7 on. The two agents were alternatively applied to
the ears twice a week throughout 44 days. In addition, the stratum
corneum layer of the ear skin was stripped off by adhesive tape before
each challenge. 0.1% DHMEQ and 0.1% tacrolimus were respectively
applied on the skin-injured ears of the mice in Group DHMEQ and ta-
crolimus twice a day (b.i.d.) from Day 18 to Day 44. The body weight of
the mice was daily measured. They were sacrificed on Days 31, 38 and
45 and their blood and ear tissue samples were collected for the de-
termination of the indices.

2.3.2. Microscopical measurement of ear thickness and evaluation of
dermatitis

Thickness of mouse ear was measured with a dial thickness gauge
(Shanghai, China) at 24 h after each challenge. Skin inflammation was
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Fig. 2. Body weight of the mice daily measured during the experiment

Data are expressed as mean = SD of five mice. *p < 0.05 and **p < 0.01,
compared with the vehicle group. Normal = without AD, N.S. = no sig-
nificance.

macroscopically graded from none (score, 0), red or mild (score, 1),
scales or moderate (score, 2) to peeling or severe (score, 3). Moreover,
the behavior of the mice was carefully observed after each drugs'
treatment.

2.3.3. Histopathological examination of mouse ear tissues

Histopathological examination of inflammatory status or mast cell
infiltration was performed according to the description in the previous
study [22]. Briefly, the tissues were fixed with 10% formaldehyde and
embedded in paraffin. 5um sections were prepared and stained with
hematoxylin and eosin. The thickness of epidermis and dermis was
respectively determined under a light microscope (40X, IX71,
Olympus, Japan), based on three randomly selected fields from each
slice. Mast cells were measured after sections were prepared and
stained with toluidine blue. The number of mast cells in each group was
calculated from mean value of five mice, and five areas from each slice
were randomly chosen.

2.3.4. Determination of total serum IgE by ELISA

According to the method described above [22], the total serum IgE
was examined. Blood samples were respectively collected on Days 31,
38 and 45 and the serum was separated by centrifugation (Legend
Micro 21R Centrifuge, Thermo Scientific) at 1000g for 10 min at 4 °C.
The level of IgE in the serum was determined in the light of instructions
from manufacturer of the ELISA kit. The assay was performed on a 96-
well plate which was coated with mouse IgE-specific antibody. Absor-
bance was measured at 450 nm with a microplate reader (Thermo
Scientific, Rockford, IL, USA). IgE level was indicated by optical density
(0.D.) value.

2.3.5. Determination of cytokines in ear tissues by real time PCR

Real time PCR was conducted by semi-quantifying mRNA expres-
sion of target genes in the ear tissues, according to the previous de-
scription [22]. Total RNA was extracted from the tissues with TRIzol®
reagent in accordance with the manufacturer's protocol and reverse
transcription reaction was performed by using PrimeScript™ RT reagent
Kit for cDNA synthesis. Thereafter, target genes of the cytokines were
checked by PCR performed on Agilent Technologies Stratagene
M x 3000 P (Agilent Technologies Inc., Waldbronn, Germany), with
SYBR® premix Ex Taq™. PCR protocol is consisted of 30s at 95 °C fol-
lowed by 40 cycles of 5s at 95°C, 31 s at 60 °C, 15s at 95°C, 1 min at
60 °C and 15s at 95 °C. Specific primers used for quantification were
mouse IL-4/IL-13/IFN-y/B-actin, their forward and reverse primers
were similar to those described in the previous study [22]. Mouse IL-6:
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forward 5’-CCA TCC AGT TGC CTT CTT G and reverse 5’-CTC ATT TCC
ACG ATT TCC C; mouse IL-1f: forward 5’-CTT CAG GCA GGC AGT ATC
AC and reverse 5-TCA CAC ACC AGC AGG TTA TC. All the data were
normalized to the expression level of B-actin gene.

2.3.6. Statistical analysis

Data are expressed as mean *+ SD. The statistics were dealt with
Version 5 of GraphPad Prism (GraphPad, Software, USA). Therapeutic
effects of the tested drug were analyzed with one way ANOVA followed
by Dunnett's test of mean values. Value of p < 0.05 above was used to
express statistically significant difference.

3. Results

3.1. Comparison between the two drugs influencing the mouse weight after
chronic application

To compare whether the two drugs had adverse influence on mice
when applied for a long time, mouse body weight was daily determined
at 24h after each challenge throughout the experimental duration.
Results showed that the body weight of the mice treated with 0.1%
DHMEQ ointment maintained a steady trend similar to that of the ve-
hicle group, while that of those rubbed with 0.1% tacrolimus ointment
dropped rapidly (Fig. 2).

3.2. Comparable effectiveness between the two drugs in improving AD
symptoms and few side effects of DHMEQ

The induction of AD-like lesions with DNCB and OX on the ears led
to clinical manifestations such as redness, dryness, scales and peeling.
Medical tape, used before each challenge to strip off the outer skin of
the ears, accelerated the formation of the dermatitis. Either DHMEQ
ointment or tacrolimus ointment improved the manifestations (Fig. 3)
and dermatitis scores in the two groups significantly decreased
(Fig. 3C). However, lots of exudate on skin surface of the ears painted
with tacrolimus ointment was significantly observed. Mice treated with
tacrolimus ointment became restless evidently due to skin irritation
from the drug's application. In contrast, any uncomfortable reaction
was not seen in the mice treated with DHMEQ ointment. Dermatitis
score in mice treated with DHMEQ ointment decreased day after day
and the efficacy was more stable than that of tacrolimus ointment
(Fig. 3C).

3.3. Histopathological examination

3.3.1. Comparable effects between the two drugs on suppressing epidermal
and dermal thickness

Histopathological analysis of the ear tissues of the mice in Vehicle
group (Model group) showed that both epidermis and dermis became
thick after chronic inflammatory stimulation with DNCB/OX plus tape
(Fig. 4). Either DHMEQ or tacrolimus treatment improved significantly
the histopathological changes (Fig. 4), suppressed considerably the
tape-DNCB/OX-induced epidermis (Fig. 4A, B) and dermis (Fig. 4A, C)
thickening, and reduced infiltration of inflammatory cells in the tissues
Fig. 4A) on Days 31, 38 and 45, respectively. Interestingly, it is found
that the efficacy of tacrolimus is slightly better than that of DHMEQ on
Day 31, while vice versa on Days 38 and 45, the later period of the
experiment, although significant difference of the therapy between the
two drugs was not found throughout 45 days (Fig. 4A, B, C).

3.3.2. Comparable effect between the two drugs on suppressing infiltration
of mast cells

AD is resulted from disorders in immune system, being associated
with infiltration of inflammatory cells including mast cells. Therefore,
the number of mast cells in all the groups was counted as an important
index in this study. Histopathological slices were observed under
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The Photos of the ears were taken on Days 31, 38 and 45 in panel A. A stable dermatitis model was induced successively and alternatively by DNCB/OX plus tape. Ear
thickness of the mice in all groups was measured at 24 h after each challenge in panel B. Both DHMEQ and tacrolimus significantly suppressed the abnormal ear
thickness, whereas mucus secretion around ear skin treated with tacrolimus was seen, the occurrence of which was not in DHMEQ group. Inflammation score was
macroscopically graded at 24 h after each challenge in panel C. Skin inflammation was macroscopically rated as described above. The dermatitis score of the vehicle
group was obviously higher than that of the normal group. The two drugs significantly decreased the dermatitis score. There was no significantly different effect
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between them. Data are expressed as mean

microscope after they were stained with toluidine blue. As a con-
sequence, the number of mast cells in Vehicle group (Model group) was
much more than that in Normal group (Fig. 5A, B) on Days 31, 38 and
45. DHMEQ and tacrolimus inhibited comparably the increase in the
cells (Fig. 5A, B), but the former acts more effectively in trend than the
latter although significant difference was not found between them.

3.4. Comparison of the suppressive effects between the two drugs on the
induced high level of total serum IgE

IgE is an important pathogenic factor from the onset of AD and in
the course of AD. Serum IgE level is obviously elevated under the in-
duction with DNCB/OX [24]. As the results, the total serum IgE level of
the mice in Vehicle group on Days 31, 38 and 45 was significantly in-
creased by repeated challenges with DNCB/OX (Fig. 6). Either DHMEQ
or tacrolimus significantly suppressed the increased IgE level (Fig. 6).
There is a comparable efficacy between them as for the suppression on
the increased IgE level (Fig. 6).
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SD of five mice. *p < 0.05 and **p < 0.01, compared with Vehicle group. N.S. = no significance.

3.5. Comparison of the suppressive effects between the two drugs on the
induced high level of inflammatory factors in the ear tissues

Th2 lymphocytes that produce IL-4 and IL-13 play major roles in the
early stage of AD pathogenesis, while Th1 which mainly generate tumor
necrosis factor alpha (TNF-a) and IFN-y contributes to pathogenesis of
chronic progression. Relative expression of IL-4 (Fig. 7A), IL-6 (Fig. 7B),
IL-13 (Fig. 7C), IL-1p3 (Fig. 7D) and IFN-y (Fig. 7E) at mRNA level was
respectively determined in this study by real time PCR. Both DHMEQ
ointment and tacrolimus ointment showed significantly suppressive
effect on the factor expression. It was observed that suppressive effect
of DHMEQ on IL-4 was stronger than that of tacrolimus on Day 31
(p < 0.01), while the situation on Day 38 just the opposite, i.e. ta-
crolimus became more effective than that of DHMEQ (p < 0.01). As for
the effect on IL-6, tacrolimus was stronger than DHMEQ on Day 31
(p < 0.01), and on IL-13, DHMEQ was better than tacrolimus on Day
31 (p < 0.01).
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Fig. 4. Histopathological analysis of inflammation and epidermis and dermis thickness in the ear tissues stained with hematoxylin and eosin

The photos of the mouse ear were taken under microscope (bar = 50 um, 400 X ) in Subfigure A. Infiltration of inflammatory cells as well as epidermis and dermis
thickness was shown (epi = epidermis, der = dermis). The yellow arrows indicate epidermis and dermis thickness, respectively. The data in Subfigure B and C,
standing for epidermis thickness and dermis thickness, were derived from Subfigure A. They are calculated from the average of three slices in each mouse and two
regions in each slice were randomly chosen to measure the epidermis and dermis thickness. Data are expressed as mean =+ SD of five mice. **p < 0.01, compared
with Vehicle group. N.S. = no significance. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)

4. Discussion It is considered that molecular weight and lipophilicity of a drug are
important features that determine penetration and absorption of topical

It is well known that pathogenesis of AD closely relates to the formulations. Drugs with < 500 g/mol molecular weight are generally
dysregulation of T cell function and the production of IgE [25]. Ta- believed to penetrate skin barrier easily [29]. Molecular weight of ta-

crolimus, regarded as one of CNIs, is widely used as a topical agent to crolimus (C44HgoNO15) is over 800 g/mol, while that of DHMEQ
treat AD. CNIs inhibit proliferation of T cells and production and se- (C13H11NO3) is 261 g/mol. Therefore, it is theoretically difficult for

cretion of inflammatory cytokines because they may bind to key sig- tacrolimus to overcome skin barrier and penetrate into deep skin al-
naling proteins involved in the activation of T cells [26]. However, the though it has relatively good lipophilicity [30]. However, skin barrier
risk of topical CNIs versus its benefit remains unclear. Recent literatures damaged upon the status of AD allows drug molecules > 800 g/mol to
posed safety problems when topical CNIs are being used in the treat- penetrate [31]. It leads to the fact that the therapeutic properties of
ment for dermatitis. Long-term safety of the drugs has been under in- both DHMEQ ointment and tacrolimus ointment can be remarkably
vestigation [27,28]. It is reported that long-term use of tacrolimus observed in the initial period of the treatment, for they can easily pe-
causes lots of stimulated side effects such as skin burning, itching and netrate skin. There is also a finding that the efficacy of tacrolimus was
skin erythema in clinic [11,27]. The current data demonstrated that slightly worse than that of DHMEQ on Days 38 and 45, the reason of
0.1% tacrolimus ointment significantly decreased body weight of the which might be that skin forms a barrier in the late period of the ex-
mice after being chronically applied, and exudate on the skin surface of periment and penetration of tacrolimus was limited with skin lesions
the ears applied with tacrolimus ointment was observed. Mice treated being healed [32]. The efficacy of DHMEQ is better than that of ta-
with tacrolimus ointment became restless due to skin irritation from the crolimus in the late period although there was no significant effect
drug's application. 0.1% DHMEQ ointment did not have any adverse between them.

influences on the whole status of the mice. The results indicate that the It has been reported that balance between Th1 and Th2 responses is
DHMEQ ointment is much safer than tacrolimus when topically used to crucial for optimal immune function. The destruction of the balance
treat chronic dermatitis for a long time. causes a variety of immune-related diseases including AD [33]. In
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The photos of the mouse ear skin were taken under microscope (bar = 50 um, 400 X ) in Subfigure A. Black arrows denote mast cells. The data in Subfigure B were
derived from Subfigure A. They are calculated from the average of three slices in each mouse and five regions in each slice were randomly chosen to count mast cells.
Data are expressed as mean + SD of five mice. **p < 0.01, compared with Vehicle group. N.S. = no significance. (For interpretation of the references to colour in
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Fig. 6. Level of the total IgE in the serum of the mice in all the groups

The total IgE level in the serum was checked on Days 31, 38, and 45, respec-
tively, with commercial ELISA kit according to its instruction. Both DHMEQ and
tacrolimus significantly suppressed the increased IgE level. There was no sig-
nificantly different effect between them. Data are expressed as mean + SD of
five mice. **p < 0.01, compared with vehicle group. N.S. = no significance.

general, AD patients show a Th2 phenotypic enhancement, exhibiting
increased expression of Th2 cytokines such as IL-4 and IL-13. IL-4 sti-
mulates IgE production in B cells, which binds to mast cells and
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encourages the cells to release various biological mediators, and in
return key effector cells and allergen-sensitized and IgE-activated mast
cells lead to Th2 cell development and secretion of cytokines, inducing
development of AD skin lesions [34]. Moreover, it is clear that IL-6, a
rapid and transient production of infections and tissue damage, con-
tributes to host defense by stimulating acute phase and immune re-
sponses [35]. In the present study, DHMEQ ointment and tacrolimus
ointment inhibited the mRNA expression of inflammatory cytokines IL-
4, IL-6, IL-13, IL-1f3 and TNF-y, and the decreased trend of the cytokines
was consistent with that of IgE. Tacrolimus notably inhibited IL-6 and
IL-13 (Fig. 7B, C), which are inflammatory factors produced by Th2
cells in early stage of AD. Compared with tacrolimus, DHMEQ sig-
nificantly inhibited IL-13 and IFN-y (Fig. 7D, E), which are in-
flammatory factors produced by Thl type cells in the late stage of AD.
Consequently, there is a consistency with the speculations concerning
the drugs' pharmaceutical properties mentioned above. In addition,
Sampaio et al. confirmed that IL-4 and IL-6 are responsible for activa-
tion of inflammatory cascade [36]. The cytokines at systemic level are
very important for regulating secretion of epithelial cells and other
cytokines such as IL-13 and IL-1, etc. This study found that both
DHMEQ ointment and tacrolimus ointment inhibited IL-4 and IL-6
mRNA expression and IL-4 was an order of magnitude greater than IL-6
on Day 38 (Fig. 7A, B) so that feedback regulation between IL-4 and IL-
6 did not probably result in any change in IL-6 levels from Day 31 till
Day 38, which needs to be confirmed in further study.

It has been reported that DHMEQ can be used via various routes,
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Fig. 7. Suppressive effects of the drugs on the increased cytokines in lesioned skin tissues induced by tape-DNCB/OX
Relative expression of IL-4 (Fig. 7A), IL-6 (Fig. 7B), IL-13 (Fig. 7C), IL-1P (Fig. 7D) and IFN-y (Fig. 7E) at mRNA level was observed by real time PCR. DHMEQ or
tacrolimus showed significantly suppressive effect on the factors. Data are expressed as mean = SD of five mice. *p < 0.05and **p < 0.01, compared with Vehicle

group. ##p < 0.01, compared with Tacrolimus group. N.S. = no significance.

like systemically subcutaneous or intraperitoneal administration and
topical application with ointment, as a cure for animal diseases
[22,37,38]. Umezawa found that DHMEQ might rapidly be absorbed
directly by peritoneal immune cells after intraperitoneal delivery [39],
suggesting that the cells are firstly chosen as target cells of DHMEQ.
After entering the cells, DHMEQ exerts its inhibition on molecular
pathways relevant to inflammatory responses. What's more, it depresses
LPS-induced secretions of various inflammatory cytokines in macro-
phage-like cells [40] and blocks the release of inflammatory cytokines
IL-1B, IL-2, IL-6, IL-8 and TNF-a [39]. The suppression of inflammatory
cytokines was proved in our previous studies [22,41] and the present
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study (Fig. 7). More observations are that the drug inhibits antigen and
IgE-induced invasion in mouse mast cells [42], and suppresses the an-
tigen-specific T-cell proliferation as well as the production of Thyl-type
cytokines in cultured T-cells [43]. DHMEQ, after entering its target
cells, directly binds to the Rel-family proteins to inhibit their DNA-
binding activity [44]. Rel family proteins are the constituents of NF-kB
molecules containing p65, Rel B, c-Rel, p50, and p52. DHMEQ com-
bines with p65 covalently with a 1:1 stoichiometry [39]. Therefore, the
inhibitory effect of DHMEQ on the cysteine residues in the NF-kB mo-
lecule is irreversible [45]. In contrast, tacrolimus achieves im-
munosuppression mainly by suppressing IL-2 transcription and
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reducing responses of T lymphocytes to foreign antigens. It controls
transcription of genes that code for several inflammatory mediators
such as IL-2, granulocyte-macrophage colony-stimulating factor, TNF-
a, IFN-y and other interleukins which are requisite for development of
immune responses. Tacrolimus also inhibits release of histamine from
mast cells [46]. The most common adverse events regarding tacrolimus
are also reported, including low and variable bioavailability, burning
sensation and pruritus at the site of application and the potential to
increase the risk of cutaneous infections, which is mostly due to its
altering local cutaneous immune responses [47]. It is evident that the
mechanisms of the anti-inflammation and immunosuppression between
the two drugs are different from each other, leading to their individual
pharmacological activities and whether side effects occur or not.

5. Conclusion

DHMEQ and tacrolimus ointment significantly improved dermatitis
symptoms, like ear swelling, erythema hemorrhage, edema and scales,
in the AD model induced by DNCB/OX plus tape. Long-term application
with tacrolimus resulted in body weight loss significantly and mice
treated with the drug became obviously irritable, jumping up and
down, while DHMEQ didn't cause any adverse response due to its non-
stimulus. Both of them showed good activity against AD, significantly
reducing not only epidermal and dermal thickness but also the number
of mast cells. They inhibited production of total IgE in the serum of the
mice with AD and the expression of inflammatory factors IL-4, IL-6, IL-
13, IL-1f and IFN-y in ear tissues. It is concluded that DHMEQ which
seems a potential drug of curing AD is softer and safer in long-term
application than tacrolimus.
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