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[ABSTRACT] AIM: To evaluate the effect of Qi‘ao Deocoction (QAD) on the inflammation and hyperresponsiveness of asthma mice.
METHODS: 120 Balb/C mice were randomly divided into six groups: normal group, model group, dexamethasone group, high dose
QAD group, medium dose QAD group and low dose QAD group. The asthma model was reproduced in Balb/C mice sensitized by oval-
bumin, challenged by OVA and LPS. The mice of the normal group were sensitized, chanllenged and intranasally instilled by PBS. On day
28-34, 6.7, 13.4 and 26.8 gkg' Qi’ao Decoction were administrated; 0.002 4 gkg ' dexamethasone solution was given to the dexa-
methasone group; normal and model groups were given the same amount of normal saline. Bronchoalveolar lavage fluid, airway hyperre-
sponsiveness, lung histopathology and cytokines were then collected and analyzed. RESULTS: Compared with normal group, total cellu-
lar score, the number of macrophages, lymphocytes, eosinophils and neutrophils of model group significantly increased (P < 0.01). Com-
pared with model group, the administration of dexamethasone induced a significant decrease in eosinophils and neutrophils (P < 0.05, P <
0.01). The number of eosinophils, which plays an important role in airway inflammatory reaction of asthma, of the three QAD groups all
decreased (P < 0.01). Ry before and after Ach (5 mgmL™) stimulation in the model group both overtook that in the normal group (P <
0.01). Compared with model group, dexamethasone group, high dose QAD group, medium dose QAD group and low dose QAD group
groups all had significantly lower Ry before and after Ach stimulation (P < 0.01). Normal pulmonary histopathology was found in the
normal group. In the model group, mice exhibited marked increases in inflammatory cell infiltration, mostly including neutrophils and
macrophages, perivascular inflammation and thickened alveolus wall (P < 0.01). Dexamethasone application mitigated inflammation
around the bronchi (P < 0.05). These histopathological changes were ameliorated in the three decoction groups (P < 0.01, P < 0.05). In
addition, alveolus and airway wall lesions of medium dose QAD group and high dose QAD group were reduced, the number of inflam-
matory cells infiltrated around the walls decreased, no clear degeneration of bronchial epithelial cells was found, and exudates in bronchi
declined in different degrees. Compared with normal group, IFN-y and IL-12 of model group significantly decreased, while IL-4 in-
creased, showing statistic difference (P < 0.05). Compared with model group, IFN-y and IL-12 level of dexamethasone group went up too,
but IL-4 declined (P < 0.05). The level of IFN-y of medium dose QAD group and high dose QAD group both increased; IL-4 and IL-12 of
medium dose group were found significant differences (P < 0.05); but none of the cytokines of low dose QAD group showed statistical
significance (P > 0.05). CONCLUSION: QAD can significantly inhibit airway inflammation and airway hyperresponsiveness of mice
with severe asthma induced by ovalumin and lipopolysaccharide, adjust the balance of cytokines, and improve lung histopathological
condition. So, it exhibits great effect on severe asthma.
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severe public health problem in both developed and develop-
ing countries '), Tt is characterized by prolonged inflamma-

1 Introduction

Asthma, a difficult chronic disease, has developed into a ) i ) - .
tion, reversible obstruction and hyperesponsiveness in the

airway; and usually infected by microorganism. There is a
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widely accepted viewpoint that on the early stage of its
attack, the exposure in lipopolysaccharide (LPS) environ-
ment will induce the response of Thl of immune system to
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rival against the reaction of Th2 so that asthma can be pre-
vented deteriorating. While, on the later stage, microorgan-
ism infection and LPS exposure both worsen the existing
asthma [,

San’ao Decoction (SAD), firstly recorded in Beneficial
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Formulas from the Taiping Imperial Pharmacy ™, contains
Heaba Ephedrae (Mahuang), Semen Armeniacae Amarum
(Kuxingren), and Radix et Rhizoma Glycyrrhizae (Gancao).
As a most frequently used decoction, SAD is often accom-
panied with other herbs to treat asthma of different stages,
so the modified SAD, also called Qi‘ao Decoction (QAD) is
derived by adding Rhizoma Pinelliae (Banxia), Fructus
Schisandrae Chinensis (Wuweizi), Gypsum Fibrosum (Shi-
gao) and green tea to SAD. It was firstly recorded in the
medical book named Supplementary to Restoration of
Health from the Myriad Diseases™. In clinical practice,
QAD has a good therapeutic effect on asthma patients with
severe tracheal inflammation.

In our study, ovalbumin (OVA) was applied to sensitize
allergic reaction and challenge the mice to establish asthma
model, and lipopolysaccharide (LPS) was used to aggravate
airway inflammation and hyperresponsiveness of the OVA
sensitized mice®. We tried to evaluate the effect of QAD on
tracheal inflammation and hyperresponsiveness of this model.

2 Materials and Methods

2.1 Drugs

In QAD, the ratio of Heaba Ephedrae, Semen Armen-
iacae Amarum, Radix et Rhizoma Glycyrrhizae, Rhizoma
Pinelliae, Fructus Schisandrae Chinensis, Gypsum Fibrosum
and green teais 3 :5:2:5:3:10: 5. All crude herbs were
purchased from Nanjing Pharmaceutical Co., Ltd., China.
The botanical identities of the herbs are well-defined by Prof.
Wu Dekang of Medicinal Plant Department, Nanjing Univer-
sity of Chinese Medicine. The herbs were decocted and con-
centrated, each millilitre containing 2.68 g of crude drugs.
Dexamethasone Acetate Tablets (No.081211, each tablet
containing 0.75 mg dexamethasone acetate) were provided by
Zhejiang Xianju Pharmaceutical Co., Ltd., China. After
grinding, it was added into phosphate buffer solution (PBS)
to be 0.24 mg'mL™" dexamethasone acetate solution.
2.2 Reagents

OVA was purchased from Shanghai Bio Life Science &
Technology Co., Ltd. (No. 080814); LPS was purchased from
Sigma-Aldrich Inc., USA (No. 127k4048); Acetylcholine (Ach,
No. 20070606) and pentobarbital sodium (batch No. 20080405)
were purchased from Shanghai Chemical Reagent Company
affiliated to China Medicine Group; Formalin solution
(No0.20080908) was purchased from Nanjing Chemical Re-
agent Company; Enzyme-linked immunosorbent assay (ELISA)
kits for IFN-y (No. 200904), IL-4 (No. 200904) and IL-12 (No.
200904) were purchased from R&D Systems, USA.
2.3 Apparatus

S-888E ultrasonic atomizers was purchased from Nan-
jing Dolphin Electronics Co., Ltd., China; MPA-Pulmonary
Function Acquisition and Analysis System (MPA-PFS) was
supplied by Shanghai Alcott Biotech Co., Ltd., China.
2.4  Animals

120 female Balb/C mice (weighing 18-20 g, 6—8 weeks

of age) were used in this study. All the animals were pur-
chased from Laboratory Animal Centre of the Academy of
Military Medical Sciences, Beijing, China, with a certifica-
tion (No. SCXK (Jun) 2007-004). The mice were housed in
microisolator cages and received food and water ad libitum.
The laboratory temperature was (24 + 1) °C, and relative
humidity was 40%—-80%. The mice were housed for 2-3 days
to help them adapt to the environment before experimentation.
All experiments were performed in accordance with the Na-
tional Institutes of Health (NIH) guide for the Care and Use
of Laboratory Animals. The experimental procedures were
approved by the Ethical Committee for the Experimental Use
of Animals at Nanjing University of Chinese Medicine (Nan-
jing, Jiangsu, China).

2.5  Model establishment and drug treatment

The mice were randomly divided into six groups: (1) nor-
mal group; (2) model group; (3) dexamethasone group (DM);
(4) low dose QAD group (QAD-L, 6.7 gkg™); (5) medium
dose QAD group (QAD-M, 13.4 g'kg™); (6) high dose QAD
group (QAD-H, 26.8 gkg™) with 20 mice in each. The mice
were given subcutaneous and intraperitoneal injection of 0.2
mL OVA for each; and then repeated once on the 8th day.

From the 14th day to the 27th day, the mice were chal-
lenged with inhalation of 2.5% OVA solution for 20 min
every day. Afterwards, the mice were induced with intranasal
instillation of 50 pg LPS on the 28th, 31st and 34th day. On
the 29th, 30th, 32nd and 33rd day, the mice were challenged
with inhalation of 2.5% OVA solution once more. Mice of
normal group were challenged by PBS and intranasally in-
stilled with 50 uL. PBS at the same days of the previous.
From day 28 to 34, 6.7, 13.4 and 26.8 g’kg™' QAD were re-
spectively administrated to the mice of QAD-L, QAD-M and
QAD-H groups 1h before intranasal instillation and inhala-
tion; while DM group were orally given 0.002 4 gkg™ DM
solution once a day for 7 days. Normal and model groups
were given the same amount of normal saline.

2.6 Bronchoalveolar lavage fluid collection

Ten mice of each group were anaesthetized and then in-
serted with a cannula into the trachea. Bronchoalveolar lav-
age was performed with 2 aliquots of 0.5 mL PBS (pH 7.2)
instilled up to a total volume of 1 mL, and withdrawn twice
each, the fluid recovery rate was 75%. Bronchoalveolar lav-
age fluid (BALF) samples were centrifuged (1 200 rmin™")
for 5 min. The sediment cells were resuspended in 0.5 mL
PBS. The total BALF cells were counted double-blindly us-
ing a hemocytometer followed by the differential counting of
leukocytes (HE staining; two counts per slide, 300 cells per
count). The supernatants of BALF were subjected to ELISA
assays with kits specific for IFN-y, IL-4 and IL-12.

2.7 Airway hyperresponsiveness

Airway hyperresponsiveness was analyzed 24 h after
the last LPS induction with Ach stimulation to restrained
mice by MPA-PFS. Briefly, mice were anesthetized and
fixed on the board. Their trachea was isolated by blunt
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dissection. A small caliber “Y” figure tube was inserted
and secured in the airway. According to the instructions,
three tubes were connected to detect esophageal pressure,
airway pressure and respiratory flow respectively. After-
wards, negative chest pressure, airway pressure, tran-
spulmonary pressure, respiratory flow and tidal volume
were recorded. Total lung resistance (RL) representing
airway responsiveness was calculated by the analysis sys-
tem. The mice were stimulated by 50 pL Ach (5 g'L™"),
and then changes of RL were recorded.
2.8 Lung histopathology

The mice were sacrificed one day after airway hyperres-
ponsiveness assay. The lungs were fixed in 10% formalin and
then embedded in paraffin. Paraffin sections were stained
with hematoxylin and eosin. Histopathological changes in the
lung tissues were observed under a light microscope. The
scores of lung injury for each animal were histopatho-
logically evaluated using a semi-quantitative scoring method.
Lung injury was graded from 0 (normal) to 4 (severe) in two
categories: inflammatory cell infiltration, thickened alveolar
wall. The total lung injury score (TLIS) was calculated by
adding the individual scores for each category.
2.9 Statistical analysis

Values were presented as the X + s. Statistical analysis
was performed using SPSS11.5 software. Data were evalu-
ated using one-way analysis of variance (ANOVA) followed
by LSD or Dunnett's T3 post hoc analysis. P < 0.05 was con-
sidered to be significant.

3 Results

3.1 Inflammatory cell count in BALF

As can be seen from Table 1, compared with normal
group, total cellular score (TCS), macrophages, lymphocytes,
eosinophils and neutrophils of model group were signifi-
cantly higher (P < 0.01). Compared with model group, the
administration of DM induced a significant decrease in eosi-
nophils and neutrophils (P < 0.05, P < 0.01). The number of
eosinophil, which plays an important role in airway inflam-
matory reaction of asthma, of the three QAD groups all de-
creased (P <0.01=. QAD-L group exhibited macrophages,

raised but lymphocytes fell (P <0.01=. In addition, TCS,

Table 1 Inflammatory cells in BALF (X £ s, n =10)

macrophages and neutrophils of QAD-M were both reduced
(P <0.05), lymphocytes remarkably declined in comparison
to model group (P <0.01).
3.2 Change of airway responsiveness

Table 2 showed the result of the changes of airway re-
sponsiveness. RL before and after Ach (5 mg:mL™) stimula-
tion in the model group both overtook that in the normal
group (P<<0.01). Compared with model group, DM, QAD-L,
QAD-M and QAD-H groups all had significantly lower RL
before and after Ach stimulation (P < 0.01). Importantly,
QAD-M group and QAD-H group exhibited much slighter
RL before stimulation, while DM and QAD-M showed much
slighter RL after stimulation.
3.3 Histopathologic evaluation

To evaluate the histological changes after QAD treat-
ment for OVA and LPS induced asthmatic mice, lung sections
were subjected to hematoxylin and eosin staining. The results
were showed in Table 3 and Fig. 1. Normal pulmonary histo-
pathology was found in the control group (Fig. 1-1). In the
model group (Fig. 1-2), mice exhibited marked increases in
inflammatory cell infiltration, mostly including eosinophils,
neutrophils, perivascular inflammation and thickened alveo-
lus wall (P < 0.01). Dexamethasone (Fig. 1-3) application
mitigated inflammation around the bronchi (P < 0.05). These
histopathological changes were ameliorated in the three de-
coction groups with statistically significant differences (P <
0.01, P < 0.05). In addition, alveolus and airway wall lesions
of QAD-M and QAD-H groups were reduced, the number of
inflammatory cells infiltrated around the walls decreased, no
clear degeneration of bronchial epithelial cells was found,
and exudates in bronchi declined in different degree (Fig.1-5,
1-6).
3.4 Cytokines assay

Cytokines assay results were shown in Table 4. It can be
seen that compared with normal group, IFN-y and IL-12 of
model group significantly decreased, while IL-4 increased,
showing statistic difference (P < 0.05). Compared with model
group, IFN-y and IL-12 level of DM group went up too, but
IL-4 declined (P < 0.05). The level of IFN-y of QAD-M and
QAD-H groups both increased; QAD-M’s IL-4 and IL-12

Group DOSi TSCS Macrosphages Lympl;locytes EosinSOphils Neutrsophils
(gkg™ (x10%/mL) (x10°/mL) (x10°/mL) (x10°/mL) (x10%/mL)
Normal — 2.08+0.98 1.26 = 0.60 0.52+0.24 0.02 = 0.01 0.28 £0.13
Model — 46.84+£16.09 " 443+152" 1637+5.62" 2.14+0.747 23.90+8.21"
DM 0.0024 31.16 £ 14.63% 537+2.52 12.12 £ 5.69 0.29 +0.14%% 13.38 +6.28"
QAD-L 6.7 45.03 +17.65 7.93+3.1144 10.08 +3.954% 0.11 +£0.0424 26.91 £ 10.55
QAD-M 13.4 2438 + 14.5244 2.78 £ 1.66° 733 £437°8 0.04 +0.0242 14.23 +8.47°
QAD-H 26.8 41.92 +15.63 441+ 1.64 13.92+5.19 0.16 £ 0.06°" 23.43 +8.73

Notes: ‘P <0.05, "P<0.01 vs normal group; ~P < 0.05,

P <0.01 vs model group
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Table 2 Airway responsiveness (Rp) (X £s, n =10)

Ry (cmH20'mL 's™)

Group Dose (gkg ™)
Before Stimulation After Stimulation
Normal - 1.02+0.44 2.47+0.75
Model - 1.80 +0.28™ 9.86+ 1.84"
DM 0.0024 120 £0.1344 3.74 +1.5344
QAD-L 6.7 1.20 £0.24%4 4.14+1.67°4
QAD-M 13.4 1.11£0.28%4 241+ 1.74%4
QAD-H 26.8 1.11 +£0.15%% 417 +227°%
Notes: "P<0.05, "P < 0.01 vs normal group; “P < 0.05, ““P < 0.01 vs model group
Table 3 Lung histopathological score (X £s, n =10)
Group Dose (g'kg™) Score
Normal — 1.10 £ 0.66
Model — 4.92+220"
DM 0.0024 233+0.52%
QAD-L 6.7 2.08 +0.66°
QAD-M 13.4 1.58 +0.66°4
QAD-H 26.8 1.92 +0.49%4
Notes: P < 0.05, "P < 0.01 vs normal group; “P < 0.05, ““P < 0.01 vs model group
Table 4 Level of IFN-y, IL-4 and IL-12 in BALF supernatant of each group (x £s, n =10)
Group Dose (g'kg™) IFN-y (ng-L™) IL-4 (ng'L™) IL-12 (ng-L™)
Normal — 143.58 = 84.17 15.58+2.16 131+0.15
Model — 41.75 £ 47.04° 24.49 +4.83" 0.68+0.17"
DM 0.0024 349.08 + 175.50°4 14.46 +£2.5254 0.94+021%
QAD-L 6.7 121.73 £ 71.47 20.59 + 5.80 0.78 +0.13
QAD-M 13.4 364.66 + 737144 19.67 +0.71% 0.88 +0.13%
QAD-H 26.8 271.02 £192.71% 20.35+5.09 0.77 +0.07

Notes: P <0.05, "P < 0.01 vs normal group; “P < 0.05,

were found significant differences (P < 0.05); but none of the
cytokines of QAD-L showed statistical significance (P > 0.05).

4 Discussion

SAD which is considered as the primarily classic TCM
formula for asthma has been found great therapeutic effect on
allergic asthma model induced by OVA. Previous research
has proved that SAD is effective on mice model of OVA in-
duced asthma with successive respiratory syncytial virus
(RSV) infection, and the derived prescriptions of SAD exhib-
ited better effect than SAD itself according to the results of
airway responsiveness and histopathological evaluation!®”).
So, it is necessary to investigate QAD, the derived formula of
SAD, to determine its effect on asthma.

The present study successfully established the asthma
model with severe inflammation of bronchi and more obvious
airway hyperresponsiveness by OVA sensitization and chal-
lenge and LPS induction. LPS works with other tracheal in-
flammatory agents like allergen on the development of asthma,

P <0.01 vs model group

even though its exposure on the early stage of asthma helps to
prevent disease from deteriorating . Asthmatic patients are
more likely to inhale LPS, thus developing bronchial obstruction
and pre-inflammation reaction. Animal experiments have proved
LPS induction in the stimulating process of OVA challenge ag-
gravates airway infection of the asthma mice *'%, and the dose
and time of LPS induction is the key to the success of the model
M Therefore, we duplicated the severe asthma model through
subcutaneous and intraperitoneal injection of 0.2 mL OVA and
inhalation of 2.5% OVA solution and intranasal instillation of 50
pg LPS in turn. Based on this severe asthma model, QAD’s
effect on inflammation and hyperresponsiveness of asthma was
evaluated.

Bronchial asthma is chronic airway inflammation
caused by a variety of inflammatory cells, mediators and
cytokines, characterized by airway hyperresponsiveness,
reversible airway obstruction and airway allergic inflamma-
tion. This disease is closely linked to the activation of Th
which secrets a variety of cytokines. Recent studies have
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revealed that the imbalance between Thl and Th2, the two
subsets of Th, is of very close relationship with asthmal'?.
Under normal circumstances, Thl generated IL-2, IFN-y,
tumor necrosis factor (TNF-a, TNF-f), etc. to activate ma-
crophages; while Th2 produces cytokines like IL-4, IL-5,
IL-6 and IL-10 to induced eosinophils and immunoglobulin
subtype transformation. The expression of these two types

of cell factors is decided by the mutual balance of Th1/Th2.
However, this balance is destroyed in the process of asthma,
because of the irregular secretion of these cytokines, among
which IL-4 and IFN-y are considered as a significant pair of
mutual antagonism and often used to represent the balance of
Th1/Th2. Asthma raises the amount of IL-4, leading to the
increase of Th2; mean while, IL-4/IFN-y goes up as well

Fig.1 Pulmonary histopathological changes (HE x 100)
Note: (1) The lung section from normal group; (2) The lung section from model group; (3) The lung section from DM group
(0.0024 g'kg_l); (4) The lung section from QAD-L group (6.7 g'kg_l); (5) The lung section from QAD-M group (13.4 g'kg_l); 6)
The lung section from QAD-H group (26.8 g-kg_l)
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according to the increasing severity of the disease ['*.

In present study, all the three different doses of QAD
were found to reduce IL-4 and IL-4/IFN-y, especially
QAD-M with statistic significance (P <<0.05), indicating
QAD’s inhibition of Th2 dominant responses and regulation
of immune balance. IL-12 can prevent Th cells differentiating
into Th2 cells; thus enhance Thl pathway. Furthermore, the
ability of IL-12 to induce the production of Thl is enhanced
by IFN-y; at the same time, IL-12 also induces the generation
of IFN-y, thus to form a positive feedback regulation to en-
hance Thl response and inhibit Th2 " This study also ex-
hibited that IL-12 of all the three QAD groups increased, of
which QAD-M was of highest result. So, QAD greatly im-
proves Thl to restore the balance of Th1/Th2. In this way,
QAD proved to recover bronchial hyperresponsiveness and
immune reaction of the patients with asthma.

The fact that QAD significantly inhibited the airway in-
flammation of mice with severe asthma induced by LPS is
probably caused by the addition of Gypsum Fibrosum which
can greatly cure lung inflammation and green tea containing
an anti-oxidant of acacia catechuic acid that can activate me-
tabolism and cure inflammation. The reason for the failure of
QAD-L’s inhibition of airway inflammation of mice with
severe asthma induced by LPS may be due to its small dose.
However, QAD-H did not show more therapeutic effect than
QAD-M. There is a possibility that too much Gypsum Fibro-
sum prevented the absorption of decoction. In QAD, the ac-
tive components of Rhizoma Pinelliae are alkaloids for ar-
resting vomiting, stopping coughing, eliminating sputum,
lowering blood pressure and lipid; and organic acids of Fruc-
tus Schisandrae Chinensis also can release cough and asthma.
The two drugs, thus, are combined together to effectively
reduce sputum of asthmatic mice, and even QAD-L also sig-
nificantly inhibited hyperresponsiveness in the airway of the
model mice. Since different ingredients of Fructus Schisan-
drae Chinensis are of different effects on the immune system,
they often counteract each other. So, Radix et Rhizoma Gly-
cyrrhizae is actually the main drug for immune regulation.

Previous study into the effect of SAD on the OVA and
LPS induced asthma of mice found that SAD exhibited ex-
treme effect on airway hyperresponsiveness and made a little
influence on airway inflammation. The low dose SAD could
not inhibit airway inflammation or hyperresponsiveness in the
LPS enhanced asthma. The medium dose and high dose SAD
significantly inhibited airway hyperresponsiveness, but hard-
ly stopped airway inflammation ™. In present study into
QAD, it was found that QAD-L still works on airway hyper-
responsiveness, QAD-H is effective on both airway hyperre-
sponsiveness and inflammation, and QAD-M is of the best
effect on the OVA and LPS induced severe asthma model
among three different doses. Therefore, it is clear that QAD is

more effective on the severe asthma than SAD. In summary,
QAD, especially its medium dose, can significantly inhibit
airway inflammation and hyperresponsiveness of mice with
severe asthma challenged by OVA and induced by LPS, ad-
just the balance of Th1/Th2, improve lung histopathological
condition, thus achieving much better effect than SAD. This
result is corresponding to the theory of TCM.
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BAMRER LA G, HEAEAL, RERNE., £HHE. T KA ZAHH K (P<0.01). REEF, BEHADK
MR K IRz is, 2R P M AR i, SFRAE AR, SEAAML, RN R T RRE, RLE
BEHXAERARL;, L@ng. ¥ KA BaMaa, LEARERE PR MR, §AF LR EZRG X mIeRTRA Y,
XAE LR MREERAR, XAEBENS RN RRZERR Y, A FN-y Fo [L-12 K-F R FBAK, IL-4 LA (P <0.05);
SR ARk, WEKRAME IFN-y F= [L-12 K-FH &, L4 4K (P<0.05). L#%&. FHAELF IFNy KPH G, FHE4
¥ IL-4 Fo IL-12 K-F 5AER AR B A it FE L (P <0.05); AR L @IEE FRKF BT 5840 L E L. &
LA R F IR IR O BB L SN FEFF TR EE ] R Al S fe A B R M, i@ 3 S R T K F,
BB L0 4R 9% BE 45 M 5 R AR08 7 R
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