Chinese Medical Journal 2011;124(18):2899-2906

2899

Original article

Molecular mechanism of icariin on rat asthmatic model
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Background Effects of icariin on airway inflammation in asthmatic rats and the intervention of LPS induced
inflammation are interfered with the machanism of icariin. Our study aimed to observe the effect of icariin on
ovalbumin-induced imbalance of Th1/Th2 cytokine expression and its mechanism.
Methods Sixty male SD rats were randomly divided into control group (PBS), asthma group (ovalbumin (OVA)-induced),
dexamethasone group, and OVA+icariin low, medium and high dose groups (5, 10, 20 mg/kg, respectively). Each group
had ten rats. The model of OVA sensitization was a rat asthma model. Enzyme-linked immunosorbent assay (ELISA)
method was used to observe the effects of icariin on interleukin-4 (IL-4) and inerferon y (IFN-y) in rats’ lung tissue.
Immunohistochemical staining was applied to detect the intervention effects of icariin on T cells (T-bet) and gatabinding
protein 3 (GATA-3) in rat pulmonary tissue. Realtime RT-PCR was used to observe the intervention effects of icariin on
T-bet and GATA-3 mRNA expression in rat pulmonary tissue and spleen lymphocytes. Western blotting was used to
observe the icariin intervention effects on T-bet, GATA-3 and nuclear factor-Kappa B (NF-kB) p65 protein expressions in
rat pulmonary tissue.
Results The ELISA results from pulmonary tissue showed that IL-4 expression was significantly reduced (P <0.05),
while the IFN-y expression increased but not significantly when we compared OVA+icariin medium and high dose groups
with the asthma group. Immunohistochemical staining of pulmonary tissue showed that the GATA-3 decreased
significantly while the T-bet staining did not change in the OVA+icariin high dose group. In pulmonary tissue and spleen
lymphocytes T-bet and GATA-3 mRNA expressions were significantly reduced (P <0.05) in icariin treatment groups
compared with the asthma model group. GATA-3 and T-bet mRNA in rat spleen lymphocytes in the asthma group were
higher than in the control group. GATA-3 mRNA expression in pulmonary tissue significantly decreased (P <0.05) while
T-bet MRNA expression decreased but not significantly in the icariin treatment group compared with the asthma group.
T-bet and GATA-3 protein expressions in pulmonary tissue increased significantly compared with the asthma group,
which meant that icariin could inhibit the increase of GATA-3 protein, but not of T-bet. The bronchus, blood vessels and
periphery pulmonary tissue had infiltration of inflammatory cells in the OVA+icariin high dose group while NF-kB p65 cells
were reduced, and expression of NF-kB p65 in this group was less than in the asthma group. The expression of total p65
protein decreased with icariin treatment while the expression of cytoplasmic p65 protein increased.
Conclusions Icariin could regulate the imbalance of Th1/Th2 cytokines in asthmatic rat pulmonary tissue. Icariin could
regulate the imbalance of Th1/Th2 associated transcription factors T-bet and GATA-3 in asthmatic rat pulmonary tissue
and spleen lymphocytes. Icariin could inhibit the activation of NF-kB p65 protein in asthmatic rat pulmonary tissue.
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mmune responses polarized toward either T-helper 1

(Th1) or T-helper 2 (Th2) cells result in the activation
of different inflammatory effector pathways and,
consequently, different disease outcomes.! Many
autoimmune diseases and tumors have been confirmed to
be associated with either Th1- or Th2-polarized immune
responses. Recent reports have suggested that an
imbalance between the Th1l and Th2 cell levels might be
associated with the development and progression of
several forms of asthma.’

Although the regulation of the Th1/Th2 imbalance
remains unclear, there is a growing body of evidence
suggesting that two transcription factors, T-box expressed
in T cells (T-bet) and gatabinding protein 3 (GATA-3), are
determinants of Th cell differentiation.’ T-bet is a newly
discovered Thl-specific transcription factor thought to

initiate Thl development, whereas GATA-3 plays a
pivotal role in the development of the Th2 phenotype. It
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has been reported that the T-bet/GATA-3 ratio is
indicative of the balance between Thl and Th2 cells.*” It
has also been reported that patients with active lupus
nephritis exhibit increased T-bet and depressed GATA-3
expression in both urinary sediments and kidney tissue.®
The transcription factor nuclear factor-Kappa B (NF-kB)
plays a central role in the regulation of many genes
responsible for the generation of inflammation mediators.
Increased activation of NF-kB has been found in
peripheral blood mononuclear cells (PBMCs), neutrophils,
and alveolar macrophages in patients with acute lung
injury after LPS exposure.” Recently, it has been shown
that the PI3K/Akt signaling pathway plays an important
role in negatively regulating LPS-induced acute
inflammatory responses in vitro and in vivo.* Inhibition of
the PI3K/Akt signaling pathway can enhance the
activation of NF-xB, AP-1, and Egr-1 transcription
factors and the expression of tumor necrosis factor-a
(TNF-a), interleukin 6 (IL-6) and tissue factor by LPS in
cultured human monocytic cells.’

Icariin, a major active component isolated from plants in
the Epimedium family, has been previously confirmed to
improve cardiovascular function, induce tumor -cell
differentiation and increase bone formation.'” Recently,
studies have shown that icariin is a concentration-
dependent chemopreventor in protecting DNA against
radical-induced damage and also exerts anti-osteoporotic
effects.!

We used immunohistochemistry of Th1/Th2 transcription
factors (T-bet/GATA-3), lung and spleen lymphocytes
Th1/Th2 transcription factor expression of gene and
protein, and using immunohistochemistry and Western
blotting to observe icariin on NF-kB p65 activation. The
results showed that lung asthma model used icarrin
displayed the imbalanced expression of Th1/Th2 cytokine.
It was also found in lung and spleen lymphocyte
expression of Th1/Th2 associated transcription factor.
Further study found that icariin inhibits NF-xB p65
protein activation.

METHODS

Main experimental material and apparatus
Experimental animals

Sixty male SD rats weighting (300£10) g were supplied
by Bill Experimental Animal Center Sichuan.

Main reagents

Icariin was purchased at Ronghe Medical and Scientific
Development Co. Limited, Shanghai and the purity was
99.06 %. Ovalbumin (OVA) and aluminum hydroxide
were from Sigma Company, USA. Dexamethasone
injection was bought at Xianju Medicinel Co. Limited,
Zhejiang. Enzyme-linked immunosorbent assay (ELISA)
kits for IL-4, IL-13, TNF-a, and interferon y (IFN-y) were
purchased at Xitang Biological Pharmaceutical Company,
Shanghai, China.

Main apparatus

Refrigerated centrifuge (Eppendorf Centrifuge 5804R,
Germany), Microscope (Leica DFX 320, Germany),
Enzyme labeling meter (Eppendorf, Germany),
Ultrasonic atomizer (The Medical and Instrumental Co.
Limited, Shanghai, China), Electrophoresis System
(BIO-RAD Company USA), Analytical system of
gelatum imaging (GDS8000, UVP Company, UK),
Medical ultrasonic atomizer of YS9801 type (Yisheng
Technology Co. Limited Shanghai), SMV alternator of
HetoSBD-50 type, Cryogenic box (HetoultraFreeZe,
Danmark), Uncontaminated benchboard (Armamentarium
Factory, Boxun Industry Co. Limited, Shanghai, China).

Empirical method

Replication of asthmatic model

Sixty male SD rats were randomly divided into control
group (PBS), asthma group (OVA-induced),
dexamethasone group, and OVA+icariin low, medium and
high dose groups (5, 10, and 20 mg/kg, respectively).
Each group had ten rats.

We put OVA into aluminium hydroxide solution, making
a 10% OVA solution. Each rat was injected with 1 ml of
OVA solution to sensitize. Only 10% PBS was injected
into the control group. Asthma was provoked after 15
days by putting the sensitized rats into a closed container
of 20 cm x 30 cm x 50 cm, where they inhaled atomized
1% OVA solution prepared in normal saline. The flow
rate was 2 L/min and the exposure time was 30 minutes.
Control group was injected normal saline instead, being
induced continually for 28 days for experimental usage.

Experimental grouping and administration

There were six groups, including control group (PBS),
asthma group (OVA), dexamethasone treatment group
(OVA+dexamethasone/DXM), OVA+icariin low dosage
group (5 mg/kg), OVA+icariin of medium dosage group
(10 mg/kg) and OVA+icariin of high dosage group (20
mg/kg). PBS, dexamethasone tablets and icariin were
given through intragastric administration. Because icariin
was dissolved in 0.005% DMSO, PBS and
dexamethasone tablet should be dissolved in DMSO of
the same concentration and volume so as to make the
experiment equal. The rats were dosed by intragastric
administration each day after antigen exposure from the
15th day to the 28th day. At the 43rd day of the
experiment, the materials were picked after 2-hour
provocation.

Harvest of pulmonary tissue from each group

Two hours after the last inhalation, rats from each group
were given an intraperitoneal injection of 2%
pentobarbital sodium (40 mg/kg) to anesthetize them.
Then the pulmonary lobes of the rats were sterilely
dissociated. We excised the right lungs, placing them in
freezing tubes which stored at —80°C for future RNA
extraction. The left lungs were fixed in 10% neutral
formalin for histology and immunohistochemistry
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probing for cytokines.

ELISA

According to the manufacture’s instructions, 0.1 ml of
coating buffer with a known antigen diluted to 1-10
pg/ml was added to each well, 4°C overnight. They were
washed 3 times the next day. Some dilution of the sample
to be detected (unknown antibody) was added to the wells
that had been coated with 0.1 ml of the above reaction,
incubated for 1 hour at 37°C, washed, And do blank,
negative and positive hole control in response to the hole,
adding fresh enzyme diluted second antibody
(anti-antibody) 0.1 ml, 37°C for 30—-60 minutes, washing,
and finally washed again with deuterium depleted water.
Plus substrate Yexian color: holes in each reaction by
adding the temporary prepared TMB substrate solution
0.1 ml, 37°C for 10-30 minutes. Termination reaction: in
all wells by adding 2 mol/L sulfuric acid 0.05 ml. Results
found: in the ELISA detector, and the 450 nm (if ABTS
color, the 410 nm).

Immunohistochemistry staining method

Deparaffinize and dry array slide as referred to in
protocol of deparaffinization.® Rinse array slide twice
with PBS for 5 minutes each. The endogenous peroxidase
activity was blocked at room temperature by a 5-10
minutes incubation in the final developmental 3% H,O,
in distilled water or PBS (pH 7.4). Rinse array slide in
PBS for 5 minutes. Antigen retrieval. Rinse array slide in
PBS for 5 minutes. Apply the blocking antibody (normal
goat serum), incubate for 20 minutes at room temperature,
and throw off residual fluid (not wash). Apply the
primary antibody 60 minutes at room temperature or 4°C.
Rinse array slide twice for 5 minutes each. Incubate array
slide with a biotin-conjugated secondary antibody at
20°C-37°C for 20 minutes. Rinse array slide twice for 5
minutes each. Incubate array slide with SABC reagent at
37°C for 20 minutes. Rinse array slide 4 times for 5
minutes each. Proceed with chromogen of final
developmental DAB or use DAB Kit (Control the degree
of staining with regular microscopy). Wash array slide in
distilled water. Stain and differentiate array slide in
hematoxylin. Dehydration and transparency of array slide.
Mount array slides.

PCR detection using real-time fluorescent quantitation

Take TNF-a as an example, after treatment, the
RNeasy™ Plus mini kit was used to isolate the total RNA
from the lung tissues, and the quality of RNA was
subsequently evaluated by measuring the ratio of the
absorbance at 260/280 nm. For reverse transcription, the
SYBR Green 2-step qRT-PCR kit (DyNAmo™,
Finnzymes, Finland) was used. For PCR amplification,
the following mouse-specific sense and antisense primers
were used: TNF-a, 5'-GCGACGTGGAACTGGCAGAA-
G-3' (forward) and 5'-TCCATGCCGTTGGCCAGGAG-
G-3' (reverse). Real-time quantitative PCR was carried
out in a 48-well plate using an Opticon MJ Research
instrument (Bio-rad Inc., USA) and an optimized

standard SYBR Green 2-step qRT-PCR protocol."

Western blotting evaluated the total NF-kB p65 in
pulmonary tissue and sarcoplasma

Transfer the protein from polyacrylamide gel onto a
nitrocellulose membrane. The membranes were quickly
stained in amino black, then removed until the molecular
weight standard was visible. We washed the membranes
with 100 ml of water and used a destaining buffer if
necessary at 37°C for one hour. Wash the membranes at
room temperature in PBS-Tween buffer. Enclose the
membrane in a plastic bag for probing with 100 pl NGS
and 10 ml specific antibody in blotting buffer and shake
at room temperature for two hours or overnight at 4°C,
then wash four times with PBS-Tween buffer. Secondary
antibody was goat-anti-rabbit IgG conjugated to
bioepiderm (40 pl in 10 ml blotting buffer with 100 pl
NGS). Membranes were shaken with secondary antibody
for one hour at room temperature then washed. The
membrane was developed with antibody protein-HRP (40
pl dissolved in 10 ml blotting buffer+NGS). Using the
manufactures’ instructions, we used ECL group agent
BeyoECL, as a detection agent.

Statistical analysis

Experimental data was analyzed with the SPSS 12.0
package. The results are presented as mean + standard
deviation (SD). We did multiple statistical analyses to
compare two groups. If there were more than two groups,
we first used a normal testing method and
homoscedasticity analyses via the Shapiro-Wilk method
and the Levene method. If the data consisted of a normal
distribution and homoscedasticity, we did one-factor
analysis of variance (ONE-ANOVA). If the data were not
consistent with a normal distribution, we did a rank test
whose statistical significance was set at P <0.05.

RESULTS

Effects of intervention with icariin on IL-4 and IFN-y
expression in rat pulmonary tissue

IL-4 expression in pulmonary tissue in the model group
was significantly higher than in the control group. IL-4
expression in the DXM treatment group was significantly
decreased compared to the model group (P <0.05). IL-4
expression in pulmonary tissue in the icariin treatment
groups was also significantly lower (P <0.05) than in the
asthma model group (Figure 1). IFN-y expression in
pulmonary tissue in the model group was significantly
lower than in the control group. IFN-y expression after
DXM treatment was significantly (P <0.05) increased
compared to the model group. IFN-y expression in
pulmonary tissue in the icariin treatment group had a trend
toward higher expression compared to the model group,
but the increase was not statistically significant (Figure 2).

Influence of icariin on immunohistochemical staining
(T-bet and GATA-3) in rat pulmonary tissue

GATA-3 staining of rat pulmonary tissue in the model
group was greater than in the control group, especially in
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Figure 1. Intervention effect of icariin on IL-4 expression of rat
pulmonary tissue in each group. P <0.05 compared to OVA
controls, n=6 per group.

Figure 2. Intervention effect of icariin on IFN-y expression of
rat pulmonary tissue in each group. Compared with the asthma
group, IFN-y expression in lung tissue of icariin treatment group
tended to increase, but not statistically significant (P >0.05, n=8
per group).

the cell nucleus. After treatment with OVA+DXM and
OVA-icariin, GATA-3 expression decreased significantly
(Figure 3). T-bet staining in pulmonary tissue in the OVA
group was significantly increased compared to the PBS
group, especially in the cell nucleus. After treatment with
OVA-icariin, T-bet staining failed to show a significant
decrease (Figure 4).

Intervention effect of icariin on T-bet and GATA-3
mRNA expression in pulmonary tissue and spleen
lymphocytes

T-bet mRNA expression in rat pulmonary tissue in the
OVA group was significantly higher than in the control

GATA-3

group. T-bet expression in the OVA+DXM group was
significantly decreased compared to the model group (P
<0.05). GATA-3 mRNA expression in rat pulmonary
tissue in the OVA-+icariin treatment group decreased
significantly (P <0.05) compared to the model group
(Figure 5). GATA-3 mRNA expression in rat pulmonary
tissue in the DXM treatment group was higher than in the
control group. GATA-3 mRNA expression in the DXM
treatment group was significantly lower than in the model
group (P <0.05). GATA-3 mRNA expression in rat
pulmonary tissue in the icariin treatment group was
significantly decreased (P <0.05) compared to the model
group (Figure 6).

The effect of icariin on T-bet mRNA expression by rat
spleen lymphocytes in the model group was to
significantly increase the expression compared to the
control group. T-bet expression in the OVA+DXM group
was significantly decreased compared to the model group
(P <0.05). The T-bet mRNA expression by spleen
lymphocytes in the OVA+icariin group was decreased
compared to the model group, but the change was not
significant (Figure 7). GATA-3 mRNA expression of rat
spleen lymphocytes in the model group was significantly
higher than in the control group. GATA-3 mRNA
expression in the DXM treatment group was significantly
decreased (P <0.05) compared to the model group.
GATA-3 mRNA expression by rat pulmonary tissue in the
icariin treatment group decreased significantly (P <0.05)
compared to the model group (Figure 8).

Intervention effect of icariin on T-bet and GATA-3
protein expression in rat asthmatic pulmonary tissue
Two hours after the last OVA exposure, rats in each group
were anesthetized, blood was taken from the heart then

Figure 3. GATA-3 immunohistochemistry
staining of rat pulmonary tissue in PBS,
OVA and OVA+DMX groups (HE
staining, original magnification x200). In
the asthma model group (OVA group)
2] GATA-3 in lung tissue staining is

{ significantly increased compared with the
control group (brown nuclear particles). In
OVA + dexamethasone group and OVA +

Al

GATA-3

Figure 4. Intervention effect of icariin on GATA-3 and T-bet immunohistochemistry staining of rat pulmonary tissue in OVA+icariin
group (HE staining, original magnification x200). In the asthma model group (OVA group) T-bet in lung tissue staining is significantly
increased compared with the control group (brown nuclear particles). T-bet staining in OVA + icariin groups is not significantly reduced.
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Figure 5. Intervention effect of icariin on T-bet mRNA expression in rat pulmonary tissue in each group. P <0.05 compared to OVA

controls, n=6 per group.

Figure 6. Intervention effect of icariin on GATA-3 mRNA expression in rat pulmonary tissue in each group. P <0.05 compared to OVA

controls, n=6 per group.

Figure 7. Effect of icariin on T-bet mRNA expression of rat spleen lymphocytes in each group. P >0.05 compared to OVA controls, #n=8

per group.

Figure 8. Effect of icariin on GATA-3 mRNA expression of rat pleen lymphocytes in each group. "P <0.05 compared to OVA controls,

n=06 per group.
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Figure 9. Changed expression of T-bet and GATA-3 protein in
pulmonary tissue in each group after icariin intervention.

animals were sacrificed. We took fresh pulmonary tissue
from four groups’ of rats: the PBS group, OVA group,
OVA+DXM group and 20 mg/kg icariin treatment group.
Western blotting was used to detect T-bet and GATA-3
protein levels (Figure 9). Taking B-actin as a reference,
we applied Image Lcd 3.2 software to calculate the
Western blotting gray scale values. Taking the gray scale
values in the OVA group as a reference, we undertook
three independent experiments. The results showed that
T-bet and GATA-3 expression in the OVA group
increased significantly compared to the PBS group, and
DXM and icariin inhibited the increase of GATA-3
protein while icariin had no obvious effect on T-bet.

The effect of icariin on immunohistochemical staining
for NF-kB p65 in rat asthmatic pulmonary tissue
We probed pulmonary tissue from four groups for NF-xB

p65 expression by immunohistochemistry: PBS control
group, OVA group, OVA+DXM group and OVA-+high
dose icariin. The lungs were normal in the PBS group and
there were a small number of NF-kB p65 expressing cells.
In the lungs of the OVA group there was obvious allergic
inflammation with vessel wall thickening of bronchiole
and small vessels, inflammatory cell infiltration, an
obvious increase in the number of eosinophiles and
macrophages, damage to the Bronchial mucosa, edema in
the peripheral tissue, and more cells labeling for NF-«kB
p65, especially concentrated in the cell nucleus. In the
OVA+DXM group, there was a slight inflammatory cell
infiltration of bronchi, infra-vessel-mucosa and peripheral
pulmonary tissue, and less NF-kB p65 staining compared
to the DXM treated lungs. Compared with the OVA group,
there was less NF-kB p65 expression after icariin
treatment (Figure 10).

Icariin inhibited NF-kB p65 protein expression of rat
asthmatic pulmonary tissue, but was expressed in cell
nucleus

Two hours after the last OVA exposure rats in each group
were anesthetized, blood was taken from the heart then
animals were sacrificed. We took fresh pulmonary tissue
from four groups: the PBS group, OVA group,

'()-\'.-\ “icariin

Figure 10. The NF-xB p65 expression by immunohistochemical staining in pulmonary tissue (HE staining, original magnificationx200).
In the OVA + icariin treatment group (20 mg/kg) the bronchus, blood vessels and around submucosal inflammatory cells infiltrate in lung
tissue.



2904

Chin Med J 2011;124(18):2899-2906

OVA+DXM group and OVA+ high dose icariin. Western
blotting was used to probe for T-bet and NF-kB p65
protein expression (Figure 11). Taking pB-actin as a
reference, we used Image Lcd 3.2 software to determine
the Western blotting gray scale values. Taking gray scale
value of OVA group as a reference, we undertook three
independent experiments. The results were as follows:
The total p65 expression in the OVA group was increased
compared to the PBS control group. DXM and icariin
treatment inhibited the increase of NF-kB p65 protein,
but could increase p65 protein expression in the
sarcoplasma (Figure 11).

A PES OVA DMX OV A+lcariin

NF-xB

Total protein . c— S————

(0.2) (1.0) (0.4) (0.8)
[ - —— - S—— S———
B PBS OVA DMX OV A+cariin
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Figure 11. The change in NF-xB p65 protein expression in
pulmonary tissue after intervention with DMX and icariin.

DISCUSSION

Dr. SHEN Zi-ying of our Department has applied
epimedium as the principal agent for “warming and
invigorating kidney yang” to treat asthma patients by
homotherapy for heteropathy since the 1950s. Our
research team followed the TCM theories of asthma; such
as “it is sthenia when in lung while it is asthenia when in
kidney”, “to treat lung acutely while to treat kidney
chronically”, “chronic disease involving Kkidney”,
developing the theory of asthmatic intervention by the
formula of invigorating the kidney and tonifying the qi.
The results show the formula of invigorating the kidney
and tonifying the qi have significant effects on preventing
seasonal asthmatic attacks, proving the effect of
invigorating the kidney may improve the function of the
HPA axis so as to explain the main principle of treating
bronchial asthma by invigorating the kidney. The early
research showed that epimedium could reduce the airway
inflammation of an asthma attack, and could inhibit the
RANTES and MCP-3 expression in pulmonary tissue.
The main effective ingredient of epimedium is icariin,
which has an anti-inflammatory function. Researches
show that icariin has a function similar to adrenal cortex
hormone. The first part of this study investigated the
influence of icariin on asthmatic-related cytokines. The
results show that icariin can inhibit the serumal IL-4

expression in the asthmatic rat while increasing the IFN-y.

This part of the experiment further explored the
inhabitation = mechanism of icariin on airway
inflammation in a rat OVA-asthma model. This study
described some of the anti-inflammatory functions of
icariin when used to treat airway inflammation. It

provided information to help define further mechanisms
of inhibition of asthmatic airway inflammation by icariin.

Bronchial asthma is a disease with chronic airway
inflammation as the main pathologic change, whose
pathogenicity is closely related to the imbalance of
Th1/Th2-type immune response. The main immune
manifestation is the decrease of the Thl-type immune
response and the increase of the Th2-type immune
response.'” Thl cells mainly excrete cytokines like IL-2,
IFN-y and TNF-B, participating in immunologic
responses mediated by cytotoxicity T-cells (CTL), and
having an important effect on intracellular pathogens like
viral infection and mycobacterial infections.*'* Th2 cells
mainly excrete cytokines IL-4, IL-5, IL-6, IL-9 and IL-13,
whose main functions are to stimulate the proliferation of
B cells, to generate of IgG and IgE antibodies and to
participate in the humoral immune response.'”'® These
two form a cytokine network by the way of
self-enhancement and mutual antagonism, having
different physiologic functions and serving to help
regulate the immune response.'” The purpose of adjusting
the balance between Thl and Th2 is to inhibit the
asthmatic inflammatory reaction, which has clinical
applications.'®"” We observed that icariin had an effect on
the Th1/Th2 balance. First, we observed the effect of
icariin on IL-4 and IFN-y expression of rat asthmatic
pulmonary tissue which showed that IL-4 expression in
icariin treatment groups was significantly lower than in
the asthmatic rats (P <0.05). Figure 1 shows that IFN-y
expression in pulmonary tissue in the asthma group was
significantly lower than in the normal control group.
IFN-y expression in pulmonary tissue after icariin
treatment was elevated compared to the asthma group,
but not significantly (Figure 2). According to the
experimental results, icariin could inhibit the IL-4
expression in serum of asthmatic rats and in pulmonary
tissue. Icariin also increased the IFN-y level in serum of
asthmatic rats, although the change was not statistically
significant. Icariin still could adjust the imbalance of
Th1/Th2 cytokines. This might be one of the mechanisms
by which icariin inhibits airway inflammation in asthma.

After observing the effects of icariin on Th1/Th2 related
cytokines, we further investigated the regulating effects
of icariin on Th1/Th2 related transcription factors. T-bet
and GATA-3 are two cell specific transcription factors,
which are expressed by Thl cells and Th2 cells,
respectively, and control the Thl and Th2 cell
differentiation.*' T-bet is the key transcription factor of
Thl cell differentiation while GATA-3 is one of the most
important transcription regulation factor in Th2 cell
development,11 and can facilitate cell differentiation
from ThO cell to Th2 while inhibiting the cell
differentiation from ThO cell to Thl. It can also reverse
the development of Thl cells to a Th2 phenotype.”**
GATA-3 is expressed by Th2 cells and it is now the only
defined Th2 specificity transcription factor composed of
key Th2-type cytokines, which could adjust IL-5, IL-4
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and IL-13.*** In this experiment, the effect of icariin on
expression of T-bet and GATA-3 in pulmonary tissue in
the asthmatic model was to increase GATA-3 compared
to the controls, especially in the cell nucleus. After
treatment with DXM and icariin, GATA-3 staining
decreased significantly, especially in the icariin group
(Figure 3). T-bet staining in pulmonary tissue in the
asthma model group was significantly higher than in the
control group, especially in the nucleus. But T-bet
staining did not decrease significantly after the treatment
with OVA-+icariin (Figure 4).

Immunohistochemical analysis showed that icariin could
inhibit GATA-3 expression in pulmonary tissue in the
asthma model. Therefore, we applied real-time PCR to
further investigate the influence of icariin on T-bet and
GATA-3 mRNA expression. The effect of icariin on T-bet
and GATA-3 mRNA expression in the asthmatic rats
showed that T-bet mRNA expression in pulmonary tissue
after icariin treatment decreased significantly compared
to the asthma group (Figure 5). GATA-3 expression also
decreased after icariin treatment (Figure 6). The effect of
icariin on T-bet and GATA-3 mRNA expression in spleen
lymphocytes in asthmatic rats found T-bet mRNA
expression decreased compared to the asthma group, but
not significantly (Figure 7). GATA-3 mRNA expression
was also decreased, but the difference was significant
(Figure 8). From the results above, icariin inhibits
GATA-3 expression in pulmonary tissue and in spleen
lymphocytes in asthmatic rats and it also inhibits T-bet
mRNA expression in pulmonary tissue. Although it did
not achieve statistical significance, icariin also reduced
T-bet mRNA expression in the spleen lymphocytes. These
data contribute to our hypothesis that icariin can adjust
the Th1/Th2 imbalance in asthma.

Icariin had inhibitory effects on T-bet and GATA-3
mRNA expression of rat pulmonary tissue and spleen
lymphocytes in the asthmatic model, so did it also have
the same inhibitory effect on T-bet and GATA-3 protein
expression? We took fresh pulmonary tissue from four
groups of rats: the control, model group, OVA+DXM
group and OVA+ high dose icariin group, and used
Western blotting to determine protein expression (Figure
9). Expressions of T-bet and GATA-3 were significantly
increased in the model group compared to the control
group. DXM and icariin both inhibited the increase of
GATA-3 protein while icariin dids not have obvious
inhibitory effect on T-bet. The experiment above is
consistent with the immunohistochemical results.
Regulation of GATA-3 may be one of mechanisms by
which icariin can modify immune function in
asthmatics.*

In previous studies we found that the anti-inflammatory
function of icariin was related to NF-kB.”” NF-kB is one
of the important nuclear factor that can adjust the
expression of multiple genes; including proinflammatory
factors, chemotatic factors, adhesion molecules and their

receptors. NF-kB also plays a very important role in
inflammatory damage, tumor growth, apoptosis and
cytothesis.®*’ We found that NF-kB had a considerable
effect on the mechanisms and development of bronchial
asthma.®*'  The immunohistochemical analysis of
pulmonary tissue from these four groups showed that
icariin could inhibit NF-xB p65 expression (Figure 10).
The results showed that the total NF-xB p65 protein
induced by OVA increased in asthmatic pulmonary tissue
while plasma NF-kB p65 decreased, which indicated that
NF-kB p65 was activated and mediated the airway
inflammatory reaction (Figure 11). The results also
showed that icariin could inhibit the increase of total
NF-kB p65 protein induced by OVA in rats’ asthmatic
pulmonary tissue (Figure 11A). Meanwhile, icariin could
increase NF-kB p65 level in endochylema (Figure 11B).

In conclusion, icariin could reduce the inflammatory cell
infiltration in rat asthmatic bronchi, under the vessel
mucosa and in peripheral tissue, which eases the tracheal
epithelium and circumvascular inflammation. It could
inhibit the cell differentiation and chemotactic response
of eosinophile granulocyte and macrophage” in the
asthmatic rats’ peripheral blood, inhibiting the expression
of inflammatory factor and mediators of asthma, and
inhibit NF-kB p65 activation. The way that icariin
inhibits NF-kB p65 is different from the classical
inhibition pathway. Icariin could inhibit p65 protein
entering nucleus from the endochylema, which may be
the target of icariin action.
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