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Abstracts 55 

Background and Objectives: Asthma is a severe public health issue since it causes a 56 

progressive decline of pulmonary function and a lot of unnecessary deaths. Traditional 57 

Chinese medicine has played a great role in the prevention and treatment of asthma, 58 

Wenyang-Huayin (WYHY) formulation is one of the useful prescriptions in clinical, 59 

which the pharmacological mechanism has not yet been revealed. In this study, we 60 

explored its anti-airway inflammation and pulmonary protection effects in the treatment 61 

of asthma induced by ovalbumin (OVA), to provide support for its deeply clinical 62 

applications. 63 

Methods: Asthma model with the syndrome of accumulation of cold fluid in the lung 64 

in chronic bronchitis (a common type of Traditional Chinese Medicine (TCM) 65 

syndrome) was induced in SPF male Wistar rats by sensitizing and challenging with 66 

OVA, followed by drink, body cold and fatigue stimulation. WYHY was orally 67 

administered at 9.82142857 g·(kg·d)-1 body weight for 21 days, Rapamycin and the 68 

other two traditional Chinese medicines (Xiaoqinglong decoction and Astragalus 69 

granules) were used as positive controls. After intervention, the pulmonary function 70 

was measured by AniRes 2005 Animal pulmonary function Analysis system, the 71 

pathological features of pulmonary alveolus and bronchus were observed after 72 

Hematoxylin-Eosin (H&E) staining, and serum interleukin-13 (IL-13), transforming 73 

growth factor -β1 (TGF-β1), tumor necrosis factor-α (TNF-α), and interferon-γ (IFN-γ) 74 

levels were determined by enzyme linked immunosorbent assay (ELISA) assay. 75 

Results: The model rats showed heavy signs of airway inflammation and remodeling 76 



 

5 
 

like chronic asthma, evidenced by the damaged pulmonary alveolus structure, increased 77 

inflammatory cell infiltration, declined pulmonary function, and abnormal changes of 78 

cytokines. All treatment methods could slow down the damage caused by molding 79 

factors, and WYHY might have an advantage in pulmonary protection effects than the 80 

others.  81 

Conclude: WYHY has a good effect on anti-airway inflammation and protecting 82 

pulmonary function in the treatment of OVA-Induced asthma rats, and its mechanism 83 

is worth of in-depth study. 84 

Keywords: anti-airway inflammation; asthma; pulmonary; traditional Chinese 85 

medicine; Wenyang-Huayin formulation 86 
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1. Introduction 99 

Asthma has become a severe public health issue in various countries over the world 1. 100 

As a health problem for all ages and with approximately 300 million patients worldwide, 101 

asthma leads to 250,000 annual deaths, most of which, however, are preventable 2,3. 102 

Bronchial asthma is an allergic reaction disease induced by a variety of factors and is a 103 

chronic airway inflammatory response involved in multiple cells and cell components, 104 

usually associated with Th2 cell mediated eosinophilic airway inflammation. Airway 105 

hyperresponsiveness and chronic airway inflammation are the main characteristics of 106 

asthma. Asthma is closely related to environmental factors, allergies, airway 107 

inflammation, airway hyperresponsiveness, nerve, and other factors 4
. However, chronic 108 

inflammation can make the aggravation of airway responsiveness, lead to a variety of 109 

reversible airflow limitations, or cause recurrent symptoms such as puffing, chest 110 

tightness, or coughing and phlegm. Respiratory tract inflammation is the pathological 111 

basis of asthma. Therefore, the control of airway inflammation is the focus of asthma 112 

treatment in both acute and chronic remission stages of asthma. 113 

The imbalance between Th1 and Th2 cells’ immune responses is a main property 114 

of inflammatory asthma. The typical Th1 cell-derived cytokines include IFN-γ, IL-1, 115 

IL-2, and TNF-β, and the typical Th2 cell-derived cytokines are IL-4, IL-5, TNF-α and 116 

IL-13 5. Previous studies have demonstrated that Th2 cells are vital in the pathogenesis 117 

of asthma, and Th2 cell-derived cytokines are closely related to mucus hypersecretion, 118 

eosinophil (EOS) accumulation, hyperresponsiveness (AHR) development, and lung 119 

remodeling 6,7. 120 
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Additionally, TGF-β1, mainly produced by EOS 8，plays a pivotal role in secreting 121 

and mediating a mass of growth factors, and cytokines cause airway inflammation and 122 

airway remodeling 9. Expression of TGF-β1 is correlated with basement membrane 123 

thickness, fibroblast number, and inflammation severity 10. 124 

Despite inhaled corticosteroids, asthma patients still show a decrease in the level 125 

of pulmonary function 11. In recent decades, the development of traditional Chinese 126 

medicine has made great progress. It has played a great role in the prevention and 127 

treatment of asthma, and the clinical symptoms have been clearly improved 12-14. 128 

   Wenyang-Huayin (WYHY) formulation is a useful prescription for asthma in 129 

clinical. In this study, we explored the effects and properties of WYHY in the treatment 130 

of asthma induced by OVA and aim to provide support for its deeply clinical 131 

applications. 132 

 133 

2. Materials and Methods 134 

2.1 Animals.  135 

SPF male Wistar rats (Weight:200±20g) were provided by Jinan Pengyue 136 

Experimental Animal Breed Co., Ltd. (permit number: SCXK(Lu)2014-0007). The rats 137 

were kept in the laboratory Animal Center of Shandong University of Traditional 138 

Chinese Medicine (Jinan, China). Rats were kept in standard living conditions [room 139 

temperature (21±2) ℃, regular humidity (50±10%), and 12h dark-light cycle]. All 140 

experiments were performed in compliance with the guidelines for the care and use of 141 

laboratory animals as approved by the Animal Ethics Committee of Shandong 142 
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University of Traditional Chinese Medicine. 143 

2.2. Drugs.  144 

WYHY was prepared from Ephedra, Cassia Twig, Radix Paeoniae Alba, Rhizoma 145 

Zingiberis, Schisandra Chinensis, Rhizoma Pinellinae Praeparata, Liquorice, Asarum 146 

sieboldi Mig, Ginseng, Astragalus mongholicus, these herbs were mixed in the 147 

proportion of 2:2:2:2:2:2:2:1:2:5. Xiaoqinglong Decoction was prepared from Ephedra, 148 

Cassia Twig, Radix Paeoniae Alba, Rhizoma Zingiberis, Schisandra Chinensis, 149 

Rhizoma Pinellinae Praeparata, Liquorice, Asarum sieboldi Mig, , these herbs were 150 

mixed in the proportion of 2:2:2:2:2:2:2:1 and extracted by boiling water twice (2h each 151 

time). The decoction was concentrated and dehydrated in vacuo (70℃) and ground into 152 

powder. The extraction rate of the dry extract was 20.29% (actual dry powder/actual 153 

crude herbs). The prepared powder was kept at 0℃-4℃ and dissolved with purified 154 

water into a suspension of different concentrations. Astragalus granules (crude drug 155 

proportion 1:10). These herbs were from Huarun three-nine Medicine Co.,Ltd., in Jinan. 156 

Rapamycin (100 mg/bottle) were obtained from MedChem Express in America (﹟HY-157 

10219) 158 

2.3. Reagents.  159 

The reagents used in this study include the following: Aluminum hydroxide, 160 

Sigma Inc., St Louis, United States (#141009001); Ovalbumin, Solarbio, Beijing, China 161 

(#A8040); the following products were from ExCell Bio-Technology Co., Ltd., 162 

Taichang, China: rat IL-13 ELISA kit (#ERC15), rat TGF-β1 ELISA kit (#ER013-96), 163 

rat TNF-α ELISA kit (#ER006), rat IFN-γ ELISA kit (#ER005-96). 164 
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2.4. Main instruments 165 

 The main instruments were as follows: AniRes2005 Animal pulmonary function 166 

Analysis system (Bestlab High-Tech Co., Ltd. Beijing, China); W001 Altrasonic 167 

atomizer apparatus (Fulin Medical Equipment Co., Ltd. Jiangsu, China); Leica 168 

RM2265 microtome (Leica, Germany); CX23 optical microscope (OLYMPUS, Japan); 169 

Ultrapure water preparation system, Milli-Q (Millipore, United State); CT15RT low-170 

temperature high-speed centrifuge (Techcomp, United States). 171 

2.5. Induction of the syndrome by accumulation of cold fluid in the lung in chronic 172 

bronchitis asthma rat model 173 

   Forty-eight male rats were randomly divided into six groups (8 rats per group): a 174 

normal group (group 1), a model control group (group 2), a rapamycin group (group 3), 175 

Xiaoqinglong Decoction group (group 4), WYHY group (group 5), Astragalus granules 176 

group (group 6). Establishment of asthma models were performed according to 177 

previous reports [31–33]. Briefly, rats of groups 2, 3, 4, 5, and 6 were injected 178 

intraperitoneally (i.p.) with a suspension containing 100 mg OVA and 100 mg Al(OH)3 179 

dissolved in 1mL saline on days 1 and 8. Meanwhile, the rats in the normal saline group 180 

received 0.5 mL saline. Every two days during days 15 to 22, rats of groups other than 181 

the normal saline one were stimulated by 1% atomized OVA for 30 min; saline was 182 

used instead of OVA for rats of the normal saline group. Drink cold body cold, fatigue 183 

stimulation were performed for 20 days, except the first and 8th day, 30 min before OVA 184 

exposure. Rats were sacrificed at day 23. 185 

   Induction of the syndrome of accumulation of cold fluid in the lung in a rat model: 186 
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(1) Drink cold stimulation is to feed rats with ice water mixture daily; (2) Body cold 187 

stimulation is to freeze rats in -10 ℃ refrigerator for 3 hours daily; (3) Fatigue 188 

stimulation is that rats swim in water at 24℃, until the nose will sink into the water 189 

unable to float, then the rats get out. (Figure 1A) 190 

2.6. Drug intervention   191 

According to the drug dosage conversion formula between rats and human, rats in 192 

the norm and model control group were given purified water and rats in the rapamycin 193 

group were given rapamycin suspension 0.013 mg·(kg·d)-1. The rats in the groups of 194 

Xiaoqinglong decoction, WYHY were treated with powder suspension of modified 195 

Xiaoqinglong decoction, WYHY equal to the crude drug of 6.69642855 g·(kg·d)-1and 196 

9.82142857 g·(kg·d)-1. the rats in Astragalus granules group were given Astragalus 197 

granules 0.223214286 g·(kg·d)-1. Rats were weighed once a week for adjusting drug 198 

dosage in the 3 weeks’ the intervention period. 199 

2.7 Sample collection and test 200 

At the end of the three-week treatment period, rats were anesthetized with 201 

pentobarbital sodium solution (4%, intraperitoneal injection) after 12h fasting, then the 202 

pulmonary function was measured by AniRes 2005 Animal pulmonary function 203 

Analysis system Inspiratory resistance (IR), expiratory resistance (ER) and pulmonary 204 

ventilation adaptability (Cldyn). And blood samples were collected from the abdominal 205 

aorta, and the left lung tissue was quickly removed, cleaned with saline rinse, and frozen 206 

immediately in -80℃ refrigerator for cryopreservation. 207 

2.8 Enzyme-linked immunosorbent assay (ELISA) 208 
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The blood serum samples from the abdominal aorta were centrifuged to collect 209 

serum. IL-13, TGF-β1, TNF-αand IFN-γ were measured by an ELISA assay. 210 

2.9 Hematoxylin-Eosin staining  211 

Isolated lungs were fixed with 4% paraformaldehyde and embedded in paraffin. 212 

Then we cut the specimens into a thickness of 3-4 μm sections. The sections were 213 

stained with hematoxylin and eosin (H&E). The results were visualized using a 214 

microscope. Three pathologists individually assessed all staining results. 215 

2.10 Western blot detection 216 

The expressions of LC-3B, beclin-1, p-mTOR, and mTOR were detected by 217 

Western blot. RIPA lysate was used to extract total protein. The samples were taken for 218 

sodium dodecyl sulfate (SDS) - polyacrylamide gel electrophoresis in a buffer system. 219 

Then the protein in the gel was transferred to the nitrocellulose membrane. The 220 

membrane was sealed with 5% skimmed milk at room temperature for 90 min. Then, 221 

the membrane was washed with TBST buffer for 3 times and incubated with the first 222 

antibody overnight at 4℃ . After washing with TBST buffer, the corresponding 223 

secondary antibody was added the next day and incubated at room temperature for 2 h. 224 

At last, the protein bands were visualized using Clarity™ Western ECL Substrate (Bio-225 

Rad) and then analyzed using ImageJ v1.40 software (Hercules, CA, USA). 226 

2.11 Transmission electron microscope (TEM) 227 

The autophagosomes in lung sections were observed by TEM. In brief, the 228 

pathological sections of the lung in each group were fixed with 2% glutaraldehyde 229 

buffered with 0.2 mmol/L cacodylate and postfixed in osmium tetroxide before 230 
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embedding in epoxy resin for electron microscopy.  231 

2.12 Statistical analysis 232 

All data were expressed as mean ± SD and analyzed with SPSS13.0 software. 233 

Differences of parametric data among several groups were determined by one-way 234 

analysis of variance (ANOVA). Any differences with < 0.05 were considered significant 235 

(two-tailed). 236 

 237 

3. Results 238 

3.1. Effect of WYHY on general conditions 239 

Rats in Group 1 had the following characteristics: body strong, normal daily food 240 

and water intake, normal excretion of urine and stool, smooth fur in good mental state, 241 

and swift action, respiration rhythm heat. Rats in Group 2 had the following 242 

characteristics: body emaciation, rough and lusterless fur, or thinning limbs, not warm, 243 

nose, ears and tail, pale, enuresis, loose stools, ecphysesis, pants, wheezing, white 244 

secretion on mouth and nose, mental fatigue, slow in reacting or agitated state, and 245 

weight loss (Figure 1B). Compared with those in Group 2, rats in the three 246 

herbal medicine decoction groups (groups 4, 5, and 6) showed significantly relieved 247 

symptoms of ecphysesis, pants, wheezing, and weight loss (Figure 1B), with glossy fur 248 

and swift response. The rats in Group 3 also showed improvement of symptoms and 249 

signs, although not as significant as those in the three herbal medicine decoction groups. 250 

 251 

3.2 WYHY improved pulmonary function 252 
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As shown in table 1, the baselines of inspiratory resistance (Ri), expiratory 253 

resistance (Re), and lung compliance (Cldyn) were similar between groups (P > 0.05). 254 

On the 23rd day, Ri and Re in group 2 were significantly higher than group 1, while 255 

Cldyn in group 2 was significantly lower than group 1 (P<0.01); Ri and Re in the 256 

treatment groups (including groups 3, 4, 5, 6) were significantly lower than Group 2 , 257 

while Cldyn in the treatment groups was significantly higher than group 2 (P<0.01). 258 

In addition, there was no significant difference in Ri and Re between the treatment 259 

groups (P > 0.05), while Cldyn in group 5 was higher than group 3 (P<0.05) and 260 

group 6 (P<0.01). 261 

  262 

Table 1. Rats in different groups with pulmonary function on before model 263 

Groups n Ri (cm H2O·s/mL) Re (cm H2O·s/mL) Cldyn (mL/cm H2O) 

 Baseline Day 23 Baseline Day 23 Baseline Day 23 

Group 

1 

8 

1.965±0.314 1.999±0.206 1.866±0.315 1.871±0.233 0.209±0.028 0.206±0.025 

Group 

2 

8 

1.985±0.252 3.502±0.533**@@ 1.846±0.331 3.589±0.575**@@ 0.204±0.016 0.056±0.016**@@ 

Group 

3 

8 

1.979±0.345 2.842±0.481**##@@ 1.868±0.234 2.744±0.503**##@@ 0.204±0.022 0.137±0.029**##@@ 

Group 

4 

8 

1.962±0.262 2.656±0.407**##@@ 1.896±0.275 2.486±0.368**##@ 0.204±0.024 0.166±0.040*##@ 
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Group 

5 

8 

1.985±0.240 2.361±0.542##@@ 1.876±0.338 2.430±0.484*##@ 0.207±0.016 0.195±0.043##Δ 

Group 

6 

8 

1.963±0.366 2.779±0.426**##@@ 1.888±0.216 2.655±0.483**##@@ 0.209±0.022 0.132±0.026**##▲▲@@ 

Data were expressed as mean ± SD, n= 8.  264 

Group 1: normal group; group 2: model control group; group 3: rapamycin group; group 4: Xiaoqinglong Decoction 265 

group; group 5: WYHY group; group 6: Astragalus granules group. 266 

Compared with group 1 , *P＜0.05, **P＜0.01；Compared with group 2 , #P＜0.05, ##P＜0.01; Compared with 267 

group 3 , ΔP＜0.05; Compared with group 5, ▲▲P＜0.01; Compared with Baseline, @P＜0.05, @@ P＜0.01. 268 

 269 

3.3 WYHY alleviated the pathological injury of lung  270 

The histopathological features of each group were shown in Figure 2. In group 1, the 271 

pulmonary alveolus structure was intact, with rare inflammatory cell infiltration around. 272 

The bronchial smooth muscle was normal, with lumen patency and cilia regularly 273 

arranged. In group 2, there was a lot of inflammatory cell infiltration around the 274 

bronchus and epithelial cells of the bronchial mucous membrane, especially 275 

lymphocytes and EOS, and there were also inflammatory cells and increased mucus 276 

content inside the bronchial lumen. The alveolar walls are thickened with blood cells 277 

and pulmonary alveolus seeped. In group 3 and group 6, although the general pathology 278 

feature of pulmonary alveolus and bronchus was better than that in group 2, but there 279 

were still a lot of inflammatory cell infiltrations around the bronchus, 280 

epithelial cells of bronchial mucous, and inside the bronchial lumen. In group 4 and 281 
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group 5, the epithelial cells of the bronchial mucous membrane were slightly swelled, 282 

and the bronchial smooth muscles were slightly thickened, and there were little 283 

inflammatory cells and mucus content seeped around the bronchus and inside the 284 

bronchial lumen. In addition, group 5 got the least inflammatory cell infiltration and 285 

luminal stenosis. These results suggested that all treatment methods might slow down 286 

the damage caused by molding factors, and WYHY group was the best in both groups.   287 

 288 

3.4. WYHY reduced the levels of circle cytokines   289 

Compared with group 1, the levels of IL-13, TGF-β, and TNF-α in group 2 290 

increased, while the level of INF-γ decreased (P<0.05 or P<0.01). Compared with 291 

group 2, the IL-13, TGF-β, and TNF-α in the treatment groups were all decreased, 292 

while the level of INF-γ increased (P<0.05 or P<0.01). There was no significant 293 

difference in IL-13, TGF-β, TNF-α, and INF-γ levels between the treatment groups 294 

(P>0.05) (Figure 3).  295 

 296 

3.5 WYHY activated cell autophagy in lung  297 

We noticed a decrease in the number of autophagosomes in the lung tissue of 298 

asthma rats, and all treatment groups might affect autophagy (Figure 4). Therefore, we 299 

determined the autophagy associated proteins LC-3II, LC-3I, beclin 1, and p-mTOR 300 

(Figure 5). Compared with group 1, the expression levels of LC-3II/ LC-3I and beclin 301 

1 in group 2 increased, while p-mTOR/ mTOR decreased (P<0.01). Compared with 302 

group 2, the expression levels of LC-3II/ LC-3I and beclin 1 in the treatment groups 303 
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decreased, while p-mTOR/ mTOR increased (P<0.05 or P<0.01). 304 

 305 

4 Discussion 306 

This study is based on the theory of Chinese medicine, according to the pathogeny 307 

doctrine of TCM and western medicine, to establish the animal model of the 308 

syndrome of accumulation of cold fluid in the lung in chronic bronchitis asthma 15. The 309 

syndrome of accumulation of cold fluid in the lung in chronic bronchitis asthma 310 

reflects two aspects of the disease syndrome: yang deficiency and spleen and lung qi 311 

deficiency. Qingxiang Z, Shaohong Y 16,17 induced asthma model by 312 

sensitizing and challenging with OVA, and established the model of 313 

syndrome of accumulation of cold fluid in the lung in chronic bronchitis asthma by 314 

drink, body cold and fatigue stimulation. The asthma model rats in our research show 315 

a few syndromes, such as rapid breathing, wheezing, mild cyanosis, loud wheezing can 316 

be heard in some rats, and there are white sticky secretions in the mouth and nose. We 317 

found model rats suffered body cold stimulation, appearing symptoms and signs of yang 318 

deficiency, for example, limbs not warm, nose, ears and tail pale, model rats suffered 319 

drink cold and fatigue stimulation appear symptoms and signs of spleen and lung qi 320 

deficiency, such as body emaciation, rough and lusterless fur or thinning, enuresis, 321 

loose stools, ecphysesis, mental fatigue, slow in reacting or agitated state, and weight 322 

loss, Symptoms and signs of model rats appear identically with the syndrome of 323 

accumulation of cold fluid in the lung in chronic bronchitis asthma in clinic.  324 

The airway of asthmatic patients may be overreactive due to airway inflammation, 325 
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showing sensitive and over strong contraction of the bronchial smooth muscle, resulting 326 

in airway constriction and increased airway resistance. It causes cough, chest tightness, 327 

wheezing, and other symptoms. The important features of bronchial asthma are airway 328 

obstruction and airway hyperresponsiveness. In experimenting, we determined that 329 

inspiratory resistance and expiratory resistance increased significantly, while lung 330 

ventilation compliance decreased significantly. It suggested modeling factors increase 331 

of pulmonary airway resistance in rats, inducing hyperresponsiveness of the airway. In 332 

the study of pathomorphological of lung tissue of model rats, there were a lot of 333 

inflammatory cell infiltration around the bronchus and 334 

epithelial cells of bronchial mucous membrane, especially lymphocytes and EOS, cilia 335 

adhered; there were inflammatory cells and increased mucus content in bronchial lumen; 336 

blood cells seeped, the alveolar walls are thickened; Pulmonary alveolus seeped much 337 

liquids, evenly ruptured and merged. The phenomenon was consistent with the 338 

pathomorphological features of clinical bronchial asthma. 339 

 According to the characteristic of bronchial asthma with the syndrome of 340 

accumulation of cold fluid in the lung, we drafted WYHY. It was composed of the 341 

classical prescription Xiao Qinglong Decoction with astragalus and ginseng. It has 342 

reached the therapeutic effect of warming yang for resolving fluid retention and freeing 343 

lung and relieving asthma. Ephedrine in ephedra in decoction has an obvious relaxant 344 

effect on bronchial smooth muscle, especially during bronchial spasm 18. The volatile 345 

oil of Cassia twig has anti-inflammatory effect on respiratory inflammation 19. Licorice 346 

flavonoids, licorice extract, and glycyrrhetinic acid have remarkable 347 
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preventing cough, eliminating phlegm effects. meanwhile, they strengthen anti-348 

inflammatory effects by inhibiting macrophages producing PEG2 and IL-6 20,21. 349 

Rhizoma Zingiber asarum and Paeonia lactiflora show anti-inflammatory effects by 350 

inhibiting the production of proinflammatory mediators in macrophages and monocytes. 351 

While Asarum volatile oil may indeed relieve bronchial spasm. Alkaloids from Pinellia 352 

ternata can prevent cough, Eliminate phlegm by inhibiting cough center 22-24. The 353 

effective components saponins and polysaccharides of ginseng and Astragalus have 354 

anti-inflammatory, antibacterial, and regulated smooth muscle activity effects. 355 

Meanwhile, they may protect macrophages to enhance its phagocytosis 25. The 356 

pharmacological actions of the effective ingredients in the prescription indicate that 357 

WYHY can effectively inhibit the inflammatory reaction of the respiratory tract and 358 

reverse the pathological process of airway remodeling. 359 

TCM could treat bronchial asthma by blocking inflammation and reversing airway 360 

remodeling. In this study, we observed that WYHY can relieve the main symptoms and 361 

signs of model rats, such as shortness of breath, wheezing, secretion of airway mucus, 362 

improve lung function, inhibit the infiltration of inflammatory cells around the 363 

epithelial cells and alveoli (mainly EOS and lymphocyte), and reduce the e EOS 364 

induced cytokine, and correct the Th1/Th2 immune imbalance. 365 

AHR is also a major symptom of asthma. After the treatment of WYHY, we determined 366 

that inspiratory resistance and expiratory resistance decreased significantly, while lung 367 

ventilation compliance increased significantly. Airway inflammation induction was one 368 

of the main causes of hyperresponsiveness 26,27. EOS, lymphocytes, and macrophages 369 
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are important inflammatory cells in asthma. Cytokines and chemokines induced by 370 

inflammatory cells in the airway aggravate airway hyperresponsiveness. After the 371 

treatment, the epithelial cells of the bronchial mucosa of the rat showed slight swelling 372 

and hyperplasia. A small amount of mucus and inflammatory cells were found in the 373 

bronchial tube. The alveolar wall was slightly thickened, and a small amount of EOS 374 

and lymphocyte infiltration could be seen. They pointed out that WYHY can reduce the 375 

number of EOS and lymphocyte inflammatory response and relieve airway 376 

hyperresponsiveness. 377 

 TGF-β1 is a major regulator of airway remodeling. During asthma attacks, 378 

macrophages, epithelial cells, smooth muscle cells, and EOS in the airway secrete a 379 

large amount of TGF-β1
.
 TGF-β1 stimulates proliferation and hypertrophy of airway 380 

smooth muscle cells, induces the division and proliferation of fibroblasts, and promotes 381 

to transform fibroblasts into myofibroblasts 28. The expression of TGF-β1 was 382 

positively correlated with the thickness of airway basement membrane, the number of 383 

fibroblasts, and (or) the severity of asthma attacks 29. In this study, we observed that 384 

there were high levels of TGF-β1 in blood and asthma attacks heavily. After treatment 385 

of WYHY, the level of TGF-β1was reduced, the clinical symptoms were alleviated, it 386 

is possible that the decoction could reverse the level of TGF-β1. 387 

 A large number of studies have confirmed that Th2 cells play an important role in the 388 

pathogenesis of asthma. IL-13 is one of Th2 cytokines, which may cause inflammatory 389 

cells to adhere to the vascular endothelium, and then transmembrane wandering gather 390 

around the airway 30. Meanwhile, it can inhibit the apoptosis of EOS and B cells, so 391 
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that airway inflammation persists 31. IL-13 induces and activates fibrotic medium TGF-392 

β, which stimulates myofibroblast proliferation and participates in airway fibrosis 32. 393 

The antagonistic effect of Th1 cells on Th2 cells is an important way to prevent asthma 394 

and allergic reactions. INF-ɤ, which Th1 secreted, has the function of phagocytosis of 395 

microorganisms in the cell that can downregulate the expression of EOS chemokine 396 

receptor and inhibit EOS infiltration 33. IFN-ɤ can also inhibit the proliferation of 397 

fibroblasts and the synthesis of collagen, promote the apoptosis of fibroblasts, and 398 

repair the damaged alveolar epithelium, and reduce the expression of TGF-β 34. 399 

Therefore, IFN-ɤ plays an important role in suppressing airway inflammatory cell 400 

infiltration and reversing airway remodeling. TNF-ɑ is a proinflammatory cytokine, 401 

produced by mononuclear macrophage 35, which makes the adhesion molecules of 402 

endothelial cells highly expressed. These adhesion molecules combine with the 403 

corresponding receptors on the inflammatory cells, thereby promoting the accumulation 404 

of inflammatory cells across the endothelium and activating them to induce and 405 

aggravate asthma 36. While TNF-ɑ can stimulate airway smooth muscle cells to secrete 406 

endothelin, which exacerbate the contraction of smooth muscle and cause airway 407 

remodeling. 408 

Our experimental results showed that the expression of IL-13 and TNF- ɑ in the 409 

peripheral blood of model rats decreased significantly, while the expression of INF--ɤ 410 

increased significantly after the intervention of WYHY. These results suggested that the 411 

decoction that regulates the expression of IL-13, TNF-ɑ, INF-ɤ, and TGF-β1 can inhibit 412 

the accumulation and activation of inflammatory cells, alleviate airway inflammation, 413 
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slow down the contraction of smooth muscle, and reverse the airway remodeling. 414 

5 Conclusion 415 

WYHY decreased the expression of IL-13 and TNF-ɑ, TGF-β1 in peripheral blood, 416 

while increased the expression of INF-ɤ. WYHY can relieve the main symptoms and 417 

signs of model rats , such as shortness of breath, wheezing, secretion of airway mucus, 418 

improve lung function, inhibit the infiltration of inflammatory cells, slow down the 419 

contraction of smooth muscle, and reverse airway remodeling.  420 
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Figure legends 566 

 567 

Figure 1 The procedure to establish an asthma model and the body weight of rats 568 

in different stages. A: The procedure to establish an asthma model. B: The body weight 569 

of rats. Those in group 1 increased steadily, while Weight growth of the other five 570 

groups were relatively slower. At 15th and 22nd day, Weight of rats in group 4, 5 and 6 571 

were higher than group 2. Compared with group 1, *P<0.05, **P<0.01; Compared with 572 

group 2, #P<0.05, ##P<0.01.  573 
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 574 

Figure 2 The pathological features of bronchus and pulmonary alveolus observed 575 

after HE staining (200×). Group 1: normal group, Group 2: model control group, 576 

Group 3: rapamycin group, Group 4: Xiaoqinglong Decoction group, Group 5: WYHY 577 

group, Group 6: astragalus granules group. 578 
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 579 

Figure 3 Serum levels of IL-13, INF-γ, TGF-β1, and TNF-α in chronic bronchitis 580 

asthma rats. A: IL-13, B: INF-γ, C: TGF-β, D: TNF-α. Group 1: normal group, 581 

Group 2: model control group, Group 3: rapamycin group, Group 4: Xiaoqinglong 582 

Decoction group, Group 5: WYHY group, Group 6: astragalus granules group. 583 

Compared with group 1, *P＜0.05, **P＜0.01；Compared with group 2, #P＜0.05, ##P584 

＜0.01. 585 
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 586 

Figure 4 The autophagosomes in the lung tissues were observed in TEM (200×). 587 

Group 1: normal group, Group 2: model control group, Group 3: rapamycin group, 588 

Group 4: Xiaoqinglong Decoction group, Group 5: WYHY group, Group 6: astragalus 589 

granules group. 590 
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 591 

Figure 5 The protein expression of autophagy associated proteins were determined 592 

by WB. A：LC-3II/3I, B: Beclin, C: m-TOR/TOR. Group 1: normal group, Group 2: 593 

model control group, Group 3: rapamycin group, Group 4: Xiaoqinglong Decoction 594 

group, Group 5: WYHY group, Group 6: astragalus granules group. Compared with 595 

group 1, **P＜0.01；Compared with group 2, #P＜0.05, ##P＜0.01. 596 
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