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Chronic obstructive pulmonary disease (COPD) is a chronic disease with a long course which is often induced by an acute
exacerbation of the disease by a respiratory tract infection. We aimed to explore the effect of Zhuye Shigao Decoction combined
with Qingqi Huatan Pills on the regulation of the interleukin (IL)-6-mediated JAK1/STAT3 signaling pathway in rats with an
acute exacerbation of COPD (phlegm-heat stagnating in the lungs). A model of COPD rats with lung phlegm-heat stagnation was
established by smoking and intratracheal injection of lipopolysaccharide (LPS).-e rats were randomly divided into eight groups:
normal control, model control, three doses of herbs group, and three doses of herbs + itacitinib groups. -e lung function indexes
were measured by using a lung function tester, and changes in pathological features of all groups were observed by hematoxylin-
eosin (HE) staining.-emRNA expression and protein expression levels in lung tissues were determined by real-time quantitative
polymerase chain reaction (RT-qPCR), western blot, and immunohistochemical assay, respectively. Following treatment, IL-6
expression in lung tissues was significantly reduced compared with the model group. -e results demonstrated that the
medication was effective in alleviating the persistent airflow limitation and pathological features in COPD rats. Expression of
JAK1/STAT3 in lung tissues was remarkably decreased. -e JAK1/STAT3 pathway was inhibited, while SOCS3 expression was
upregulated in the drug-treated groups compared with model control. However, after the addition of itacitinib (JAK1 inhibitor),
the efficacy in each group was evidently impaired compared with herbs alone. Taken together, Zhuye Shigao Decoction combined
with Qingqi Huatan Pills could improve the persistent airflow limitation and reduce lung inflammation and pathological changes
of COPD possibly by regulating the expression of the IL-6-mediated JAK1/STAT3 pathway.

1. Introduction

Respiratory diseases cause a huge health burden worldwide.
November 17, 2021, is World COPD Day. -e Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD) has
announced that COPD has affected 300 million people
around the globe and has ended the lives of over 3 million
people each year, making it the third leading cause of death
worldwide [1].

COPD is a chronic inflammatory disease that progres-
sively affects obstructive airflow limitation in the lungs. -e
manifestations include dyspnoea, coughing, coughing up
mucus (sputum), and wheezing [2, 3]. -is progressive
airflow limitation eventually leads to airway remodeling and
lung parenchymal destruction, and the progression of the
disease is irreversible. In addition, the lung functions of
COPD patients undergo a progressively abnormal decline
and then chronic respiratory failure [4]. As one of the top
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three leading causes of death in China, the diagnostic rate
varied from 23.61% to 30.00%.-emedical cost ranged from
72 to 3,565 USD per year, accounting for 33.33% to 118.09%
of the local average annual income [5]. Patients with COPD
have been significantly impacted by health problems with
poor quality of life (QOL).

Nevertheless, the pathogenesis of COPD has not yet been
fully clarified. It is speculated that this disease is related to
smoking, occupational dust, chemicals, air pollution,
chronic inflammation of airway epithelial cells, enhanced
oxidative stress response, imbalance of protease and anti-
protease systems, and that the whole process is related to a
multitude of cytokines and signal channels [6–8].

In temporary, the chronic inflammation mechanism of
airway epithelial cells is universally accepted, involving a
variety of inflammatory cells, cytokines, and inflammatory
mediators. -e Janus tyrosine kinase/signal transducer and
activator of transcription (JAK1/STAT3) pathway plays an
important role in the process of acute exacerbation of
chronic obstructive pulmonary disease (AECOPD). It can
mediate cell proliferation, differentiation, migration, apo-
ptosis, and other biological reactions [9–11]. External stimuli
either smoking or infection first activate airway epithelial
cells to release massive inflammatory mediators, neutro-
phils, and macrophages. Meanwhile, additional inflamma-
tion-related cells in the body are accumulated in the airway
in an active state allowing to accelerate the production of
inflammatory mediators. Subsequently, more inflammatory
cells are generated, recruited, and then combined with JAK
receptors to activate the JAK1/STAT3 signaling pathway,
triggering the acute COPD attack. In epithelial and immune
cells, STAT3 serves as a key component of the JAK/STAT
pathway. It can be activated by IL-6 intracellular, and then
the expression of numerous proinflammatory genes in the
lung is induced [12, 13]. -e suppressors of cytokine sig-
naling (SOCS3) can counteract interferon (IFN)-c/STAT1
and IL-12/STAT4, IL-4/STAT6, growth hormone (GH)/
STAT5, and IL-6/STAT3 [14]. In addition, SOCS3 has been
identified as a negative feedback regulator of the JAK/STAT
pathway [15] and has been demonstrated to be a target for
inhibiting the activation of the JAK/STAT pathway in
various inflammatory diseases [16].

Massive experimental studies have been conducted on
the efficacy of traditional Chinese medicine (TCM) in the
treatment of COPD-related signal transduction pathways,
and findings have revealed that TCM treatment produces
satisfactory effects on alleviating clinical symptoms and
enhancing patients’ physical fitness. It can also benefit pa-
tients with less number of attacks and a better quality of life,
which is of important significance to the clinical study [4].

Some scholars have established a rat model of COPD and
found that the percentage of pulmonary artery fiber, serum
IL-6 content, and the expression of p-JAK2 and p-STAT3 are
decreased after the intervention of Baofei Dingchuan De-
coction, indicating that it can significantly reduce the weight
of pulmonary blood vessels and improve lung functions of
COPD rats [17].

Zhao Mei et al. have demonstrated the outstanding ef-
ficacy of Qingjin Huatan granules in the treatment of

AECOPD with phlegm-heat stagnation. -ey have reported
that AECOPD inflammation can be inhibited by down-
regulating p-STAT1, p-STAT3, p-JAK2, and JAK2 proteins
and gene expression, and upregulating SOCS3 protein and
gene expression [18]. Although there are various studies on
JAK/STAT in TCM, there has been no research on the
inflammatory response caused by the JAK1/STAT3 pathway
mediated by IL-6.

-is study intended to administer several doses of Zhuye
Shigao Decoction combined with Qingqi Huatan Pills and
different doses of herbs + itacitinib to intervene in the COPD
rat model. -e changes in lung function and lung tissue
pathology were observed, and the expression of IL-6, JAK1,
STAT3, and SOCS3 mRNA and proteins related to the
JAK1/STAT3 pathway involved in chronic airway inflam-
mation were determined. It is hypothesized that IL-6 ini-
tiated the expression of the STAT3 gene to mediate the
inflammatory response caused by the JAK1/STAT3 pathway
and promote the occurrence of AECOPD.

2. Materials and Methods

2.1.Animals. A total of 48 male specific-pathogen-free grade
SD rats (6 for each group) weighing 200± 50 g and aged 10 to
12 weeks were purchased. All animals had adaptive feeding
for 7 days in a clean and ventilated environment. -e room
temperature was set at 23± 2°C and atmosphere humidity at
60± 5%. Food and water were supplied ad libitum.-e color
of the fur, food intake, and behaviors were recorded.

2.2. Model Establishment and Grouping. -e composition of
Zhuye Shigao Decoction combined with Qingqi Huatan Pills
included 15 g of light bamboo leaves, 30 g of raw gypsum,
15 g of French Pinellia, 20 g of Ophiopogon japonicus, 10 g of
ginseng, 6 g of licorice, 10 g of scutellaria, 30 g of melon
seeds, 12 g of dannan star, 15 g of tangerine peel, 10 g of
bitter almonds, 15 g of Citrus aurantium, 30 g of Houttuynia
cordata, 10 g of Bulbus Fritillariae -unbergii, and 15 g of
Zhuru. All of the herbs were purchased from the Depart-
ment of Pharmacy at the Chongqing Hospital of Traditional
Chinese Medicine and produced by Sichuan Kangmei
Pharmaceutical to ensure experimental results were reliable.
According to the dosage of medication, the animals were
divided into low (5 g·kg−1/d), medium (10 g·kg−1/d), and
high-dose (15 g·kg−1/d) intervention groups. -e dosage was
determined based on our previous study and the published
literature of modern medical laboratory zoology [19, 20].
Each drug was prepared according to the specific dosage,
dissolved in distilled water, and finally adjusted to a crude
drug amount of 2 g/mL.

-e COPDmodel of rats was induced by cigarette smoke
combined with lipopolysaccharide after 1 week of adaptive
feeding [21]. -ere were eight groups with six rats in each
one: normal control, model control, three doses of herbs
group, and three doses of herbs + itacitinib group according
to the weight based on the random number table method.
-e different doses of herbs with or without itacitinib
(30mg/kg) were administered by gavage and subcutaneous
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injection, respectively. Apart from the normal control group
(NC), on the 1st and 14th days, all rats were anesthetized with
4% pentobarbital sodium and the tracheas were exposed to
200 μL of lipopolysaccharide (LPS, 1 g/mL). Rats were placed
into a 50 cm× 40 cm× 40 cm glass smoked poisoning box
and exposed to the smoke from the ignition of an appro-
priate amount of sawdust and 20 cigarettes mixture from day
2 to 30. -e rats were exposed to smoke twice per day
(30min each time) and rested two days a week to establish
the experimental model. After the COPD model was suc-
cessfully established, the herbal treatment with or without
itacitinib was given to the rats for 14 consecutive days, while
the NC and model control were given equal saline.

2.3. Histopathology. -e right lung tissue of rats was fixed
with 4% formaldehyde, routinely embedded in paraffin and
cut into 5 μm serial sections. -e sections were then pro-
gressively dewaxed with xylene, dehydrated with ethanol,
stained with eosin and hematoxylin, and sealed with neutral
gum. -e morphological changes of the bronchus and lung
tissues were observed under a light microscope and analyzed
(Jetta Company, Shanghai, China).

2.4. Immunohistochemistry. Immunohistochemistry (IHC)
analysis was carried out by using MaxVisionTM techniques
(Maixin Bio, China) based on the manufacturer’s instruc-
tions. Firstly, the lung tissue was fixed by 4% paraformal-
dehyde (Solarbio, Shanghai, China), dehydrated, and
paraffin embedded.-e 5 μm thick slides were obtained.-e
deparaffinization and hydration were performed, the slides
were then incubated with 3% H2O2 (Sinopharm, China) for
10min and 0.1% trypsin (Beyotime, China) for 20min. -e
primary antibodies were incubated at 4°C overnight and
then incubated with HRP-polymer-conjugated secondary
antibodies at 37°C for 1 h. -e slides were then stained by
using the chromogenic reagent diaminobenzidine (DAB,
Zhongshan, Beijing, China) for 3min and counterstained
with hematoxylin (Jiancheng, Nanjing, China). An inverted
microscope (Olympus, Japan) was employed for image
acquisition. -e primary antibodies anti-IL-6, anti-JAK1,
anti-STAT3, and anti-SOCS3 were purchased from Cell
Signaling Technology (CST).

2.5. ELISA Assay. -e rats were anesthetized by intraperi-
toneal injection of 4% sodium pentobarbital. -e serum of
each group was collected.-e sample was taken at −80°C and
prepared in advance. -e detection was performed strictly
according to the instructions of the ELISA kit manufacturer
(R&D Systems, Emeryville, CA, USA). Firstly, the diluted
primary antibody was added to the appropriate wells and
incubated for 2 h at room temperature. A blocking solution
of 300 µL was added to each well and incubated for 1 h at
room temperature after three cycles of washing with 0.05%
Tween-20. -en, the plate was washed twice with a wash
solution. -e diluted biotinylated detection antibody was
added and incubated for 1 h at 37°C, and the plate was
washed three times. Subsequently, 100 µL of diluted AKP

conjugated streptavidin was added and incubated for 1 h at
room temperature. -e plate was emptied and washed three
times for a total of 15min and washed five more times. -e
substrate was collected for color development for 30min at
room temperature. Finally, 0.05mL of 2M of H2SO4 was
added to each well and immediately read with a plate reader
at 405–410 nm.

2.6. Quantification of mRNA. -e expression quantification
of IL-6, JAK1, STAT3, and SOCS3 mRNA in rat lung tissue
was detected by reverse transcription quantitative real-time
polymerase chain reaction (RT-PCR) technology. -e lung
tissue was collected, and total RNA was extracted from the
tissue by the TRIzol method. -e subsequent reverse
transcription into cDNAwas performed using Superscript II
RT (Invitrogen, China). cDNA was amplified by adding
equivalent amounts of initial RNA quantity to the reaction
mix including 12.5 μL of SYBR Green (Invitrogen), forward
and reverse primers (10 pmol/ml), with 0.5 μL for each
primer, and nuclease-free water to final volumes of 25 μL per
well. Relative fold changes were quantified using the 2−△△Ct
formula. Primers used were as follows: IL-6-F, 5′- CTCC
CAACAGACCTGTCTATAC-3′; IL-6-R, 5′- CCATTGCA
CAACTCTTTTCTCA-3′; JAK1-F, 5′-TCTGTTTGCTCAG
GGACAGT-3′; JAK1-R, 5′- AGCCATCCCTAGACACT
CGT-5′; STAT3-F, 5′- ATCACGCCTTCTACAGACTGC-
3′; STAT3-R, 5′- CATCCTGGAGATTCTCTACCACT-3′;
SOCS3-F, 5′- CCTGCGCCTCAAGACCTTC-3′; SOCS3-R,
5′- GTCACTGCGCTCCAGTAGAA-3′; GAPDH-F, 5′-AG
GTCGGTGTGAACGGATTTG-3′; and GAPDH-R, 5′-
TGTAGACCATGTAGTTGAGGTCA-3′.

2.7. Western Blot. -e western blot (WB) assay was used to
detect the expression changes of STAT1 and STAT3 in rat
lung tissues. Stored rat lung tissues were lysed using RIPA
reagent (Beyotime, China), prepared and detected using
protein gel electrophoresis. Proteins were transferred to a
PVDF membrane, blocked, and incubated with diluted
primary antibody, and then secondary antibody. -e pri-
mary and secondary antibodies were incubated for 1 h and
1–2 h, respectively. Protein visualization was conducted
using an enhanced chemiluminescence detection kit
(Solarbio, China). -e Image J 1.8.0 software was used to
determine the optical density values of protein bands and the
internal control β-actin, and the relative density of the
protein in each group was calculated from the ratio of the
two. Immunoblotting was performed and blots were probed
with antibodies against IL-6, JAK1, STAT3, SOCS3, and
β-actin (CST, USA).

2.8. Statistical Analysis. Statistical analysis was performed
using GraphPad Prism software, version 8.0.1. -e data were
reported as the mean± standard error (SD). Differences
between groups were analyzed using one-way ANOVA with
Tukey analysis of variance for comparison of more than two
groups. P values of <0.05 were considered statistically
significant.
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3. Results

3.1. :e IL-6 Expression in Lung Tissue Is Inhibited.
Various methodologies were used to detect the expression of
IL-6 in lung tissues. -e results of immunohistochemical
experiments are shown in Figure 1(a). Compared with NC,
the number of brown-positive cells in MC was significantly
increased. Compared withMC, the positive cells in the herbs
intervene group were significantly reduced, and the decline
was most significant in the high-dose herbs group. Itacitinib
was utilized to block the JAK-STAT3 pathway transduction.
In medium- and high-dose herbs + itacitinib groups, the
positive cells were decreased compared with the MC but
increased evidently compared with the corresponding herbs
treated group. However, no apparent decrease in the number
of positive cells was observed in the low-dose
herbs + itacitinib group. In addition, WB was used to detect
the expression of IL-6 protein, and semiquantitative analysis
was performed based on the gray value, as shown in
Figure 1(c). It is revealed that the expression of IL-6 was
upregulated in the model group, and the expression of IL-6
could be significantly downregulated in the herbs inter-
vention group. While IL-6 expression was increased in
herbs + itacitinib groups compared with herb groups;
however, it was still lower than the model control. Moreover,
the gene expression was detected using RT-qPCR, and the
expression trend was consistent with immunohistochem-
istry and WB results (Figure 1(b)).

3.2.:e Lung Function Is Improved and Pathological Changes
in Lung Tissues Are Reduced. -e peak inspiratory flow
(PIF), peak expiratory flow (PEF), and minute ventilation
volume (MV) were measured for detecting lung functions of
rats, as shown in Figure 2, compared with NC, PIF, PEF, and
MV were decreased significantly in MC, indicating airflow
limitation, pulmonary ventilation dysfunction, and suc-
cessful COPD modeling. -e values of PIF, PEF, and MV in
the herbs treated group were increased remarkably in
contrast to MC. -e value of PIF in the herbs + itacitinib
groups was also increased markedly (Figure 2(a)), whereas
those of PEF and MV were increased only in the medium-
and high-dose herbs + itacitinib groups (Figures 2(b) and
2(c)). Compared with the herbs + itacitinib groups, the PIF
and MV values of the herbs group were significantly higher
than the corresponding dose intervention groups (P< 0.05),
and the PEF value was also increased, but there were no
statistics in the low-dose herbs group. -ese findings
demonstrated that all doses of herbs could improve lung
airflow limitation and ventilatory dysfunction, and the
improvement effect on lung function was significantly re-
duced after inhibiting JAK-STAT3 signal transduction.

-e changes in lung tissue histopathology were observed
using HE staining. -e lung tissue of the rats in NC was
clearly visible, and the bronchial wall structure was relatively
regular, without obvious damage. Only a small infiltration of
inflammatory cells was seen, mucus plugs and mucus were
not observed, and the congestion and edema of the mucous
membrane were not observed (Figure 2(d)). -e lung tissue

of MC showed glandular hyperplasia in multiple locations, a
large number of inflammatory cells were infiltrated, and the
tube wall thickened. -e structure of the alveolar wall was
severely damaged, thinned, and broken, allowing the for-
mation of pulmonary bullae, and the number of alveoli was
reduced. Compared with MC, the lung tissue pathology in
the herbs mid and high groups was significantly attenuated.
-e bronchial wall thinning, partial shedding, inflammatory
cell infiltration, congestion, and edema were alleviated, and
pulmonary bullae were reduced. And the destruction of the
alveolar cavity, expansion, and fusion were eased. In the
herbs low+ itacitinib group, the lung tissue pathology was
not significantly improved compared with the herbs inter-
vention groups. While the alveolar expansion and fusion,
inflammatory cell infiltration, and mucosal congestion were
improved in the herbs mid + itacitinib group. Moreover, the
pathological improvement of the herbs high + itacitinib
group was better than that of the herbs mid + itacitinib
group.

3.3. Changes in Serum Cytokine Levels. -e rat serum was
collected for ELISA and the results are shown in Figure 3.
-e serum levels of IFN-c, IL-4, IL-4R, IL-12, and IL-12R in
MC were significantly increased compared with NC.
Compared with the MC, the levels of IFN-c, IL-4, IL-4R, IL-
12, and IL-12R in the serum of rats in each dose group of
herbs decreased remarkably, and the herbs high group had
the strongest effect. -e cytokine content in the
herbs + itacitinib group increased compared with different
doses of herbs groups. It was found that all dose groups of
herbs were effective in reducing serum inflammatory factors
in COPD model rats, and the high-dose group produced the
best effect, while the ability of herbs to decrease serum
inflammatory factors in the herbs + itacitinib group was
reduced.

3.4. Expression of the JAK1/STAT3 Signaling Pathway in Lung
Tissues. -e results of the immunohistochemistry experi-
ment are shown in Figure 4(a). -e number of JAK1 brown-
positive cells in the lung tissue sections of the MC was
increased significantly compared with NC. Compared with
MC, the number of positive cells in the herbs treatment was
significantly reduced, most notably in the high-dose group.
After the addition of itacitinib to inhibit the JAK-STAT3
pathway, positive cells in the herbs mid and high + itacitinib
groups were lower than those in the MC, while in the herbs
low+ itacitinib group, no significant decline in the number
of positive cells was observed. WB was subsequently
employed to detect the expression of JAK1 and STAT3
proteins and semiquantitatively analyzed based on the gray
value, as shown in Figures 4(b), 4(d), and 4(f), and the
expression of JAK1 and STAT3 was increased in the MC,
and the difference was significant. -e herbs could signifi-
cantly downregulate JAK1 and STAT3 expression. After the
JAK-STAT3 was blocked by itacitinib, the expression of
JAK1 and STAT3 was increased in each dose group of herbs
compared with the corresponding herbs dose of the itaci-
tinib-free group, and the difference was significant. In
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Figure 1: IL-6 expression is inhibited in lung tissues. (a) -e photomicrographs of immunohistochemical staining for IL-6 among lung
tissue samples are displayed. -e nucleus is colored in blue and the positive cells are colored in brown (scale bar is 50 µm, ×400). (b) -e
relative IL-6 gene expression. (c) Western blot analysis of IL-6 in lung tissues. Each group in the strip chart is consistent with the below
semiquantitative analysis on the basis of the intensity of the strip chart. Error bars represent SD, n� 3. ∗, #, &, and Δ represent P values <0.05
which are considered statistically significant. ∗ versus MC (model control), # versus herbs low, & versus herbs mid, and Δ versus herbs high.
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addition, the immunohistochemical staining results of
STAT3 are shown in Figure 4(e). RT-qPCR showed that
compared with the NC, the expression of JAK1 and STAT3
mRNA in the lung tissue of rats was significantly increased
in the model control. Herbs treatment could significantly
reduce the expression of JAK1 and STAT3 mRNA levels.
After the interference of JAK1 inhibitor itacitinib, the JAK1
and STAT3 mRNA expression of the herbs treated group
was increased remarkably (Figures 4(c) and 4(g)).

3.5. SOCS3 Expression Is Upregulated in Lung Tissue.
SOCS3 protein expression in rat lung tissue was detected by
WB and IHC (Figure 5(a)–5(c)). -e SOCS3 brown positive
cells in the lung tissue sections of the MC were significantly
reduced (Figure 5(b)). Compared with the MC, the number
of positive cells in the herb mid and high groups was sig-
nificantly increased. In the herbs + itacitinib group, there
was no significant change in the number of positive cells
compared with the MC, except for the herbs high + itacitinib
group. -e expression of SOCS3 mRNA in lung tissue was
detected by RT-qPCR which was significantly reduced in
MC (Figure 5(d)). -e herbs treatment could significantly

increase the expression of SOCS3 mRNA. In the presence of
itacitinib, SOCS3 mRNA in each herbs dose group de-
creased, and there was no significant difference in herbs low
and mid group compared with MC (Figure 5(d)).

4. Discussion

COPD is one of the common respiratory diseases in the
clinic which is mostly characterized by continuous airflow
limitation, and seriously affects the quality of life and safety
of patients [22]. -e inducing factors are mainly related to
the chronic inflammatory reaction of the airway and lung
tissue caused by harmful gases or particles in the environ-
ment, and they are the continuous airway inflammatory
reaction. COPD airway inflammation involves all airways
and lung tissues, involving macrophages, neutrophils, IL-8,
TNF-ɑ, cytokines, and inflammatory mediators [23, 24].
Inflammatory factors play a dominant role in the occurrence
and development of COPD, and IL-6 is an important
proinflammatory factor in the complex inflammatory cell-
cytokine network in the airway inflammation of COPD.
Studies have shown that IL-6 is elevated to various degrees in
sputum, lung parenchyma, and blood in COPD patients
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Figure 2: Zhuye Shigao Decoction combined withQingqi Huatan Pills is able to improve lung function and alleviate pathological changes in lung
tissue. (a) PIF, (b) PEF, and (c) MV detection as shown in the diagram. (d) HE staining for the lung tissue of SD rats (scale bar is 50µm, ×400).
Error bars represent SD, n� 3. ∗, #, &, and Δ represent P values <0.05 which are considered statistically significant. ∗ versus MC (model control), #

versus herbs low, & versus herbs mid, and Δ versus herbs high.
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[25, 26]. Continuous activation and overexpression of
STAT1 and STAT3 in airway epithelial cells are closely
related to airway inflammation [27], which is widely in-
volved in mediating the expression and regulation of in-
flammatory cytokines. -e study has reported that several
inflammatory cells can release inflammatory factors and
inflammatory chemokines under the COPDmechanism and
participate in cell proliferation, differentiation, apoptosis,
inflammatory response, and other pathophysiological
mechanisms through the JAK/STATsignaling pathway [28].

In this experiment, the COPD model rats were prepared
by combining smoking and LPS, using different doses of
TCM Zhuye Shigao Decoction combined with Qingqi
Huatan Pills to gavage rats. It was found that each dose
group of herbs could improve the lung function of rats’ PIF,
PEF, and MV, and relieve lung airflow limitation and
ventilatory dysfunction, thereby alleviating lung tissue dis-
ease and bronchial wall inflammation. It was also confirmed
that IL-6, JAK1, and STAT3 mRNA and protein were sig-
nificantly highly expressed in COPD rats, indicating that the
occurrence and development of COPD were closely related

to the continuous activation and overexpression of JAK1/
STAT3 and abnormal signal transduction pathways in lung
tissues, and the activation level of STAT3 was closely and
positively correlated to IL-6. It is reported that cytokines play
a role in regulating gene transcription by acting on cell
surface receptors by activating signal transducers, that is,
sending out a series of signal molecules and transmitting the
stimulating signal to the target gene in the nucleus. -e
expression of the proinflammatory factor IL-6 was signifi-
cantly increased under the combined induction of smoking
and LPS. IL-6R on the cell surface was combined, further
inducing phosphorylation of JAK1. JAK1 activation quickly
combines with STAT3 to phosphorylate STAT3 and activate
it. STAT3 could regulate the transcription and expression of
related genes. -e TCM Zhuye Shigao Decoction combined
with Qingqi Huatan Pills could reduce the expression of IL-
6, JAK1, and STAT3 mRNA and protein in lung tissues and
inhibit the serum cytokines IFN-c, IL-4, IL-4R, IL-12, and
IL-12R. T cells secreting IFN-c in the airways of COPD
patients increase, and IFN-c levels in patients with COPD
were increased. IFN-c coordinates the infiltration of T cells
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Figure 3: Cytokines level in serum is detected by ELISA. (a) IFN-c concentration in serum. (b) IL-4, IL-4R, IL-12, and IL-12R were
measured by ELISA. Error bars represent SD, n� 3. ∗, #, &, and Δ represent P values <0.05 which are considered statistically significant.
∗ versus MC (model control), # versus herbs low, & versus herbs mid, and Δ versus herbs high.

Evidence-Based Complementary and Alternative Medicine 7



NC Herbs midHerbs lowMC

Herbs high Herbs high+itacitinibHerbs mid+itacitinibHerbs low+itacitinib

(a)

JAK1

STAT3

β-actin

A B C D E F G H

A: NC (normal control); B: MC (model control);
C: Herbs low D: Herbs mid; E: Herbs high;
F: Herbs low+itacitinib; G: Herbs mid+itacitinib;
H: Herbs high+itacitinib

(b)

0

2

4

6

8

10

G
en

e e
xp

re
ss

io
n 

of
 JA

K1

*

*

*#

*#&

#&∆
&∆

&∆

N
C

M
C

H
er

b 
slo

w

H
er

bs
 m

id

H
er

bs
 h

ig
h

H
er

bs
 lo

w
+i

ta
ci

tin
ib

H
er

bs
 m

id
+i

ta
ci

tin
ib

H
er

bs
 h

ig
h+

ita
ci

tin
ib

(c)

0.0

0.2

0.4

0.6

0.8

1.0

Re
la

tiv
e e

xp
re

ss
io

n 
of

 p
ro

te
in

JA
K1

*

* *#
*#&

#&∆
*#&∆ *&∆

N
C

M
C

H
er

b 
slo

w

H
er

bs
 m

id

H
er

bs
 h

ig
h

H
er

bs
 lo

w
+i

ta
ci

tin
ib

H
er

bs
 m

id
+i

ta
ci

tin
ib

H
er

bs
 h

ig
h+

ita
ci

tin
ib

(d)

Figure 4: Continued.
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in COPD lungs by upregulating CXC-chemokine receptor
(CXCR) 3 on these cells and the release of chemokines that
activate CXCR3 [29]. Previous studies have found that IL-4
and IL-12 are significantly elevated in AECOPD patients
[30]. By using itacitinib for JAK-STAT3 pathway inter-
vention, compared with their corresponding doses of ita-
citinib free groups, the expressions of IL-6, JAK1, and
STAT3 mRNA and protein in the lung tissue of each dose

group of herbs were significantly increased, and serum IFN-
c, IL- 4, IL-4R, IL-12, and IL-12R also increased
significantly.

Cytokines are important factors in the JAK/STAT sig-
naling pathway, which are transmitted from the cell
membrane to the nucleus, and the inhibitor of cytokine
transduction (SOCS) is transduced by the JAK/STAT signal
and has a negative regulatory effect by specifically negatively
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Figure 4: Expression of the JAK1/STAT3 signaling pathway of lung tissue in each group. (a) JAK1 protein expression of lung tissue detected
by immunohistochemistry is presented by photomicrographs. -e nucleus is colored in blue and the positive cells are colored in brown
(scale bar is 50 µm, ×400). (b) -e strip chart of JAK1 and STAT3, β-actin was used as the internal reference. (c) -e relative JAK1 gene
expression. (d) Semiquantitative analysis based on the intensity of strip chart for JAK1 in lung tissue. (e) STAT3 protein expression of lung
tissue detected by immunohistochemistry was presented by photomicrographs. -e nucleus is colored in blue and the positive cells are
colored in brown (scale bar is 50 µm, ×400). (f ) Semiquantitative analysis of STAT3 expression. (g) Gene expression of STAT3. Error bars
represent SD, n� 3. ∗, #, &, and Δ represent P values <0.05 which are considered statistically significant. ∗ versusMC (model control), # versus
herbs low, & versus herbs mid, and Δ versus herbs high.
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regulating the induction and activation of the JAK/STAT
pathway [31]. SOCS3 is activated to negatively regulate the
JAK/STATpathway, and it is generally believed that SOCS3
is the target gene of STATs and can directly inhibit the
activation of STATs at present [32]. WB, IHC, and RT-qPCR
assays were used to detect the expression of SOCS3 in lung
tissues. -e results showed that Zhuye Shigao Decoction
combined with Qingqi Huatan Pills could significantly in-
crease the SOCS3 expression of mRNA and protein in lung
tissues. In contrast to the corresponding itacitinib free Herbs
intervention group, the expression of SOCS3 mRNA and
protein in the lung tissue of the herbs group in the presence
of itacitinib was significantly reduced.

5. Conclusions

-e described results revealed that Zhuye Shigao Decoction
combined with Qingqi Huatan Pills could alleviate the
continuous airflow limitation of COPD and reduce lung
inflammation and pathological changes. It has been dem-
onstrated that the herbs can downregulate the over-
expression and continuous activation of JAK1 and STAT3 in
the JAK/STAT signaling pathway based on IL-6 and upre-
gulate SOCS3 to negatively regulate JAK/STAT signals,
thereby inhibiting the AECOPD attack. In addition, JAK/
STAT3 can be used as the main target for the treatment of
COPD patients that are overactivated by JAK/STAT3.
Further research after the intervention of TCM will provide
basic support for the treatment of AECOPD with TCM and
prevent its occurrence and development. However, the study
was short of methodology on molecular mechanism ex-
ploration and was limited to the COPD rat investigation.
Moreover, the herbs’ adverse effects were not investigated.

Subsequent research is needed to mainly focus on the
limitations mentioned above.
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