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Abstract: Jakyakgamcho-tang (JGT) is used in oriental medicine to treat inflammation and allergy.
Chronic obstructive pulmonary disease (COPD) causes respiratory inflammation, airway remodeling,
and pulmonary emphysema. We examine the influence of JGT on COPD by using a mouse model.
COPD was induced by inhalation of cigarette smoke (CS) and nasal administration of lipopolysac-
charide (LPS). In comparison to COPD mice induced by CS and LPS, mice administered with JGT
exhibited significantly lower amounts of inflammatory cells and reduced expression levels of tu-
mor necrosis factor-α (TNF-α), interleukin-6 (IL-6), IL-1β, and monocyte chemoattractant protein-1
(MCP-1) in bronchoalveolar lavage fluid (BALF) and lung tissue. The elevated concentrations of trans-
forming growth factor-β (TGF-β), α-smooth muscle actin (α-SMA), and matrix metallopeptidase-9
(MMP-9) induced by CS and LPS were also inhibited by JGT treatment. Moreover, JGT suppressed CS
and LPS-induced phosphorylation of nuclear factor kappa B (NF-κB), extracellular signal-regulated ki-
nase1/2 (ERK1/2) and mitogen-activated protein kinases (p38 MAPKs). In a COPD mouse model, our
results demonstrated that JGT prevented CS and LPS induced airway inflammation and remodeling.

Keywords: chronic obstructive pulmonary disease; cigarette smoke; Jakyakgamcho-tang;
lipopolysaccharide

1. Introduction

In chronic obstructive pulmonary disease (COPD), airflow to the lung is significantly
restricted, making breathing difficult [1]. The main features of COPD are chronic bronchitis,
excessive secretion of mucus, bronchiolar and vascular remodeling, pulmonary hyperten-
sion, emphysema, and pulmonary fibrosis [2]. Previous research indicated that COPD
is becoming a greater public health burden worldwide because of the aging population
and the increasing exposure to risk factors. During COPD, the indicators of chronic in-
flammation are the infiltration and fibrosis of cells, obstruction of peripheral airways, and
inflammatory exudates accumulation in the lumen. The pathogenesis of COPD involves
numerous proinflammatory cytokines and chemokines.

Smoking is a significant cause of COPD. Cigarette smoke (CS) contains free radicals as
well as reactive chemical compounds, such as aldehydes and semiquinones [3]. During
lung inflammation, neutrophils and monocytes accumulate after exposure to CS. The CS
thus increases chemotaxis, cell adhesion, and phagocytosis, and the release of superoxide
anions and enzyme granules [4]. COPD presently has no cure, however therapies such as
quitting smoking, using inhalers and pills, and respiratory rehabilitation may help slow
the disease progression and control symptoms [5]. Drugs such as phosphodiesterase type
4 inhibitors, corticosteroids, and 2-agonists are currently used for treatment. However,
existing medicines cannot stop disease development or prevent drug intolerance and severe
adverse effects. Side effects of bronchodilators or steroids used for therapy include dry
mouth, headache, weight gain, and easy bruising. Long-term use of these drugs can lead to
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intolerance, in which case they are no longer effective in slowing disease progression [6].
There is therefore a need to identify additional treatments for COPD that have high efficacy
and low toxicity.

Jakyakgamcho-tang (JGT) is an Asian herbal formula that consists of Paeoniae Radix
(Paeonia lactiflora Pallas) and Glycyrrhizae Radix et Rhizoma (Glycyrrhiza uralensis Fischer).
As demonstrated, JGT has analgesic [7], antispasmodic [8], anti-allergy effects [9], and anti-
inflammatory [10]. Analysis by gas chromatography/mass spectroscopy found ten main
active ingredients of JGT: albiflorin, oxypaeoniflorin, ononin, isoliquiritin, glycyrrhizin,
benzoic acid, liquiritin, gallic acid, benzoylpaeoniflorin, and paeoniflorin [11]. Glycyrol, a
benzofuran coumarin from G. uralensis, was shown to have anti-inflammatory effects [12],
and glycyrrhizin, a related compound, was found to prevent the replication of severe acute
respiratory syndrome coronavirus (SARS-CoV) [13]. Moreover, evidence from an in vitro
model showed that gancaonin N, a prenylated isoflavone from G. uralensis, ameliorated
the inflammatory response associated with acute pneumonia [14], and studies in animal
models found that the total glucosides of P. lactiflora regulated immune responses and had
anti-inflammatory effects [15,16]. In addition, an extract of P. lactiflora was found to inhibit
the human respiratory syncytial virus (HRSV) in vitro [17], and to have anti-influenza
activity in vivo [18]. However, there have been no previous studies examining the efficacy
of JGT for COPD. This research therefore tested the influences of JGT on COPD in mice
induced by CS and lipopolysaccharide (LPS).

2. Materials and Methods
2.1. Quantitative Analysis of JGT by HPLC

Each of the nine reference standards for JGT received from ChemFaces Biochemi-
cal (Wuhan, China) has a purity of 98% or above. These standards were used in high-
performance liquid chromatography (HPLC) for quantitative analysis of JGT. The JGT
water extract was dissolved in methanol and adjusted to a 5 mg/mL before being filtered.
To obtain standard mixtures for quantitative analysis, methanol was used to mix and dilute
the stock solutions of the nine reference standards. The nine JGT compounds were quan-
titatively analyzed by using a Waters Alliance e2695 HPCL system (Waters Corporation,
Milford, MA, USA) outfitted with an ultraviolet (UV) photodiode array (PDA) detector
(Waters Corp.) with a wavelength range of 190–400 nm. Chromatographic separation was
performed using a 0.1% (v/v) aqueous FA gradient solvent system and acetonitrile at 30 ◦C
with a Sunfire C18 Column (Waters Corp.). The flow rate was 1 mL/min, and the gradient
elution was 5 to 55% B for 0 to 35 min, 55 to 100% B for 35 to 40 min, 100% B for 40 to
46 min, and 5% B for 47 to 55 min. Each sample was injected at 10 µL and all data were
analyzed with Empower software version 3 (Waters Corp.).

2.2. Induction of COPD Mice Model

Six-week-old male C57BL/6 mice (Orient Bio Inc., Seongnam-si, Korea) used in the
experiments were kept in experimental animal breeding facility in Chungnam National
University. Up until testing, the animals were acclimated and provided standard rodent
food and sterilized tap water. The mice were separated into 5 groups (n = 8/group):
(1) normal control (NC), (2) CS with intranasal LPS (COPD), (3) CS with intranasal LPS plus
5 mg/kg roflumilast by oral gavage as positive control (RO), (4) CS with intranasal LPS
plus 100 mg/kg (human dose: 8.11 mg/kg) JGT by oral gavage (JGT-100), and (5) CS with
intranasal LPS plus 200 mg/kg (human dose: 16.22 mg/kg) JGT by oral gavage (JGT-200).
Mice in the NC group received saline instead of LPS, and mice in the four COPD groups
were exposed in CS and LPS. The Tobacco and Health Research Institute at University
of Kentucky provided 3R4F research cigarettes, which were used to produce CS. In the
exposure chamber, mice inhaled CS of 8 cigarettes for 1 h daily for 8 weeks. LPS (10 µg)
was administered by intranasal instillation under anesthesia at four different times (weeks
1, 3, 5, and 7). Beginning in week 4, mice in the three therapy groups were given 5 mg/kg
roflumilast (RO), 100 mg/kg JGT (JGT-100), or 200 mg/kg JGT (JGT-200) 1 h before each CS
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exposure (Figure 1). All mice were sacrificed at week 8. The Animal Experimental Ethics
Committee at Chungnam National University authorized the animal research (Daejeon,
Republic of Korea; Approval Number: CNU-01141).
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Figure 1. Experimental procedure for the introduction of COPD in mice and treatment with JGT.

2.3. Bronchoalveolar Lavage Fluid (BALF) Collection and Enzyme-Linked Immunosorbent
Assay (ELISA)

Following the last CS challenge, mice were sacrificed 48 h later. BALF was collected
from the whole lungs by instilling and withdrawing of DPBS through a tracheal cannula,
performing three times. Trypan blue staining was used to exclude dead cells before counting
cells. On a slide with BALF, the cells were fixed, dried, and stained by using Diff-Quik
Stain reagents (IMEB Inc., San Marcos, CA, USA). TNF-α and IL-6 level in BALF were
determined by ELISA kits (R&D System, Minneapolis, MN, USA). These data are presented
as pg/mL protein.

2.4. Histopathological Examination

Lung tissue was fixed, paraffin embedded, and sectioned with a microtome. De-
paraffinized sections are stained with hematoxylin and eosin (H&E), then dehydrated,
mounted, and analyzed under a microscope. According to the above description, the level
of inflammatory cell infiltration was graded from 0 (absent) to 4 (severe) [19]. The mean
linear intercept (MLI) was calculated from 5 images of 4 animals in each group at random
to investigate lung changes [20]. At 20×magnification, five equally spaced horizontal lines
were examined. The sum of all estimated lines was then divided by the sum of intercepts
per field. Collagen deposition in lung tissue was investigated by staining paraffin sections
with Sirius red and counterstaining with Mayer’s hematoxylin.

2.5. Real-Time Polymerase Chain Reaction (RT-PCR)

To isolate total RNA from lung samples, a homogenizer and the TRIZOL reagent
(Invitrogen, CA, USA) were employed. The complementary DNA templates were syn-
thesized and RT-PCR was performed by using the primer in Table 1. These results were
normalized to GAPDH and relative quantitation was assessed by the 2−∆∆Ct method.
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Table 1. Primers used to amplify target genes.

Gene Primer

IL-1β
F: 5′-AAAAAAGCCTCGTGCTGTCG-3′

R: 5′-GTCGTTGCTTGGTTCTCCTTG-3′

IL-6 F: 5′-TCCATCCAGTTGCCTTCTTG-3′

R: 5′-TTCCACGATTTCCCAGAGAAC-3′

TNF-α F: 5′-AAGCCTGTAGCCCACGTCGTA-3′

R: 5′-AGGTACAACCCATCGGCTGG-3′

MCP-1 F: 5′-GCATCCACGTGTTGGCTCA-3′

R: 5′-CTCCAGCCTACTCATTGGGATCA-3′

TGF-β F: 5′-TTGCTTCAGCTCCACAGAGA-3′

R: 5′-TGGTTGTAGAGGGCAAGGAC-3′

α-SMA F: 5′-TAGGCACGTTGTGAGTCACACCA-3′

R: 5′-CGACACTGCTGACAGAGGCACCA-3′

MMP-9 F: 5′-GTTTTTGATGCATTTGCTGAGATCCA-3′

R: 5′-CCCACATTTGACGTCCAGAGAAGAA-3′

GAPDH F: 5′-TCGTGGATCTGACGTGCCGCCTG-3′

R: 5′-CACCACCCTGTTGCTGTAGCCGTAT-3′

2.6. Western Blot Analysis

After homogenizing the lung tissues in a RIPA Buffer (Cell Signaling Technology,
Danvers, MA, USA), centrifugation was used to remove debris. The BCA assay was used
to quantify proteins. On 8% SDS-PAGE gels, equal quantities of total lung proteins (20 µg)
were separated and transferred to membranes. The membrane was incubated with primary
antibodies after blocking. Following washing, a suitable secondary antibody was applied
to the membrane. Protein expression was measured using the EzWestLumi plus system
(ATTO Corporation, Tokyo, Japan), and levels were quantified relative to β-actin using
CSAnalyzer 4.

2.7. Statistical Analysis

The data are described resented as means ± standard errors of mean (SEM). A one-
way analysis of variance (ANOVA) was used to conduct statistical comparisons in Prism 6
(Graphpad, San Diego, CA, USA). A p value of 0.05 or less was considered significant.

3. Results
3.1. Simultaneous Quantification of the Nine Compounds in JGT

The HPLC technique was improved for the simultaneous measurement of the nine
compounds contained in JGT water extract (Figure 2A,B). The wavelengths used for quan-
titative analysis were 230 nm (albiflorin, benzoic acid, benzoylpaeoniflorin, and paeoni-
florin); 250 nm (glycyrrhizin); and 275 nm (gallic acid, liquiritin apioside, liquiritigenin,
and liquiritin). By using a mobile phase of 0.1% (v/v) aqueous FA and acetonitrile, we
effectively separated these nine compounds in 35 min. The retention times were 6.44 min
(gallic acid), 14.28 min (albiflorin), 15.12 min (paeoniflorin), 16.71 min (liquiritin apioside),
17.21 min (liquiritin), 21.51 min (benzoic acid), 24.58 min (liquiritigenin), 26.20 min (ben-
zoylpaeoniflorin), and 34.62 min (glycyrrhizin). The calibration of each reference standard
was calculated by the correlation between peak area (y) and concentration (x, µg/mL) of
the standard mixture, and determined from a linear regression equation (y = ax + b; Table 2).
The linear ranges were 12.5 to 400 µg/mL (paeoniflorin); 3.125 to 100 µg/mL (gallic acid,
liquiritin apioside, liquiritin, and glycyrrhizin); 1.5625 to 50 µg/mL (albiflorin, benzoic
acid, and benzoylpaeoniflorin); and 0.39 to 12.5 µg/mL (liquiritigenin). The correlation
coefficient for each compound indicated good linearity (r2 ≥ 0.9999). The limit of detection
(LOD) and limit of quantification (LOQ) ranged from 0.014 to 0.587 µg/mL and 0.041 to
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1.780 µg/mL, respectively. The amount of each compound in the water extract of JGT
ranged from 0.222 mg/g (liquiritigenin) to 55.292 mg/g (paeoniflorin).
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Figure 2. Simultaneous quantification of nine compounds in JGT. (A) HPLC chromatograms of the
water extract of JGT at 230, 250, and 275 nm. (B) Chemical structures of the nine compounds. 1, gallic
acid; 2, albiflorin; 3, paeoniflorin; 4, liquiritin apioside; 5, liquiritin; 6, benzoic acid; 7, liquiritigenin; 8,
benzoylpaeoniflorin; 9, glycyrrhizin.

Table 2. Regression parameters, LOD, LOQ, and concentrations of the nine compounds in JGT.

Compound Linear Range
(µg/mL)

Regression Equation a
Correlation

Coefficient (r2)
LOD b

(µg/mL)
LOQ c

(µg/mL)
Concentration

(mg/g)Slope (a) Intercept (b)

Gallic acid 3.125~100 28,401 −9804.2 0.9999 0.042 0.126 8.665 ± 0.008
Albiflorin 1.5625~50 13,499 −895.32 1.0000 0.096 0.289 5.089 ± 0.030

Paeoniflorin 12.5~400 16,167 717.8 1.0000 0.587 1.780 55.292 ± 0.111
Liquiritin apioside 3.125~100 14,801 2361.4 1.0000 0.112 0.340 5.977 ± 0.031

Liquiritin 3.125~100 18,962 2978.4 1.0000 0.150 0.453 6.279 ± 0.010
Benzoic acid 1.5625~50 52,232 6550.1 1.0000 0.150 0.455 3.497 ± 0.002

Liquiritigenin 0.39~12.5 36,568 528.46 1.0000 0.014 0.041 0.222 ± 0.001
Benzoylpaeoniflorin 1.5625~50 25,762 762.53 1.0000 0.087 0.264 1.603 ± 0.009

Glycyrrhizin 3.125~100 6315.4 125.64 1.0000 0.103 0.311 10.492 ± 0.030

a Regression equation was from y = ax + b, where y is the peak area, x is the mean concentration (ug/mL), a is the
slope, and b is the intercept. b LOD: 3.3 × (standard deviation [SD] of the response/slope of the calibration curve).
c LOQ: 10 × (SD of the response/slope of the calibration curve).
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3.2. Effects of JGT on Histological Injury in Lung Tissues

Lung tissue of mice was stained with H&E in order to determine if JGT has any impact
on histopathological alterations caused on COPD. In comparison to NC mice, COPD
mice had severe immune cell infiltration in the peribronchiolar lesion (Figure 3A,B) and
increased average alveolar intercepts (Figure 3C), indicating the degree of emphysema.
By contrast, treatment with RO or JGT reduced inflammatory cell infiltration and average
alveolar intercept.
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Figure 3. Effect of JGT on histological change. (A) H&E staining. (B) The degree of inflammation.
(C) Average alveolar intercept. Lung tissue samples were fixed, sectioned, stained with H&E, and
analyzed microscopically. NC, normal control mice; COPD, CS, & LPS-treated mice; RO, roflumilast
(5 mg/kg) along with CS & LPS-treated mice; JGT-100, JGT (100 mg/kg) along with CS & LPS-
treated mice; JGT-200, JGT (200 mg/kg) along with CS & LPS-treated mice. Data are displayed as
means ± SEM. ## p < 0.01 compared with NC; * p < 0.05 and ** p < 0.01 compared with COPD.

3.3. Effects of JGT on BALF Inflammatory Cells

We studied the efficacy of JGT on COPD-induced lung inflammation by using changes
in total cells, lymphocytes, and macrophages in BALF. The COPD group had considerably
more total cells (Figure 4A), lymphocytes (Figure 4B), and macrophages (Figure 4C) than
the NC group. In COPD mice treated with 200 mg/kg JGT, the quantity of inflammatory
cells was significantly reduced (Figure 4).
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Figure 4. Effects of JGT on inflammatory cell counts in BALF. (A) Numbers of total inflammatory
cells. (B) Numbers of lymphocytes. (C) Numbers of macrophages. NC, normal control mice; COPD,
CS & LPS-treated mice; RO, roflumilast (5 mg/kg) along with CS & LPS-treated mice; JGT-100,
JGT (100 mg/kg) along with CS & LPS-treated mice; JGT-200, JGT (200 mg/kg) along with CS &
LPS-treated mice. Data are displayed as means ± SEM. ## p < 0.01 compared with NC; * p < 0.05 and
** p < 0.01 compared with COPD.

3.4. Effects of JGT on TNF-α and IL-6 Levels in BALF

To see if JGT influences cytokine secretion into BALF, we assessed TNF-α and IL-6
concentrations by using ELISA. TNF-α and IL-6 levels in COPD mice were substantially
greater than in NC animals (Figure 5). JGT treatment obviously reduced TNF-α (Figure 5A)
and IL-6 (Figure 5B) levels in COPD mice BALF. Although not statistically significant, the
RO treatment reduced cytokine secretions in the BALF of COPD mice (Figure 5).

Appl. Sci. 2022, 12, x FOR PEER REVIEW 7 of 14 
 

 

Figure 4. Effects of JGT on inflammatory cell counts in BALF. (A) Numbers of total inflammatory 

cells. (B) Numbers of lymphocytes. (C) Numbers of macrophages. NC, normal control mice; COPD, 

CS & LPS-treated mice; RO, roflumilast (5 mg/kg) along with CS & LPS-treated mice; JGT-100, JGT 

(100 mg/kg) along with CS & LPS-treated mice; JGT-200, JGT (200 mg/kg) along with CS & LPS-

treated mice. Data are displayed as means ± SEM. ## p < 0.01 compared with NC; * p < 0.05 and ** p < 

0.01 compared with COPD. 

3.4. Effects of JGT on TNF-α and IL-6 Levels in BALF 

To see if JGT influences cytokine secretion into BALF, we assessed TNF-α and IL-6 

concentrations by using ELISA. TNF-α and IL-6 levels in COPD mice were substantially 

greater than in NC animals (Figure 5). JGT treatment obviously reduced TNF-α (Figure 5A) 

and IL-6 (Figure 5B) levels in COPD mice BALF. Although not statistically significant, the 

RO treatment reduced cytokine secretions in the BALF of COPD mice (Figure 5). 

 

Figure 5. Effects of JGT on proinflammatory cytokine concentrations. (A) TNF-α and (B) IL-6 in 

BALF, as detected by ELISA. NC, normal control mice; COPD, CS & LPS-treated mice; RO, 

roflumilast (5 mg/kg) along with CS & LPS-treated mice; JGT-100, JGT (100 mg/kg) along with CS 

& LPS-treated mice; JGT-200, JGT (200 mg/kg) along with CS & LPS-treated mice. Data are displayed 

as means ± SEM. # p < 0.05 and ## p < 0.01 compared with NC; ** p < 0.01 compared with COPD. 

3.5. Effects of JGT on Proinflammatory Cytokines and Chemokines Levels in Lung Tissues 

An increase in inflammatory cytokines particularly enhances the expression of many 

inflammatory genes in COPD. By using RT-PCR, the effects of JGT on the synthesis of 

these proinflammatory cytokines were assessed. COPD mice had significantly higher 

mRNA levels than the NC group (Figure 5). Increased TNF-α (Figure 6A), IL-6 (Figure 6B), 

IL-1β (Figure 6C), and MCP-1 (Figure 6D) levels were diminished in JGT-treated mice. 

Figure 5. Effects of JGT on proinflammatory cytokine concentrations. (A) TNF-α and (B) IL-6 in
BALF, as detected by ELISA. NC, normal control mice; COPD, CS & LPS-treated mice; RO, roflumilast
(5 mg/kg) along with CS & LPS-treated mice; JGT-100, JGT (100 mg/kg) along with CS & LPS-
treated mice; JGT-200, JGT (200 mg/kg) along with CS & LPS-treated mice. Data are displayed as
means ± SEM. # p < 0.05 and ## p < 0.01 compared with NC; ** p < 0.01 compared with COPD.

3.5. Effects of JGT on Proinflammatory Cytokines and Chemokines Levels in Lung Tissues

An increase in inflammatory cytokines particularly enhances the expression of many
inflammatory genes in COPD. By using RT-PCR, the effects of JGT on the synthesis of these
proinflammatory cytokines were assessed. COPD mice had significantly higher mRNA
levels than the NC group (Figure 5). Increased TNF-α (Figure 6A), IL-6 (Figure 6B), IL-1β
(Figure 6C), and MCP-1 (Figure 6D) levels were diminished in JGT-treated mice.
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Figure 6. Effects of JGT on the concentrations of mRNAs encoding the proinflammatory cytokines
(A) TNF-α, (B) IL-6, (C) IL-1β, and (D) MCP-1 in lung tissue, as measured by real-time RT-PCR.
NC, normal control mice; COPD, CS & LPS-treated mice; RO, roflumilast (5 mg/kg) along with CS
& LPS-treated mice; JGT-100, JGT (100 mg/kg) along with CS & LPS-treated mice; JGT-200, JGT
(200 mg/kg) along with CS & LPS-treated mice. Data are displayed as means ± SEM. # p < 0.05 and
## p < 0.01 compared with NC; * p < 0.05 and ** p < 0.01 compared with COPD.

3.6. Effects of JGT on Lung Tissue Remodeling

Airway walls and alveoli constricted by tissue remodeling are significant pathologic
features of COPD [21]. Increased peri-bronchiolar fibrosis and interstitial extracellular
matrix (ECM) deposition are two of the most significant structural changes in COPD lung
tissue. To examine the effects of JGT on structural changes of the lung, we performed histo-
logical examination and assessed the relative mRNA expression levels of relevant genes.
Increased peribronchiolar collagen deposition was found in the COPD tissue by Sirius-red
staining, which was significantly reduced in RO or JGT treated-mice (Figure 7A). More-
over, the mRNA levels of TGF-β (Figure 7B), α-SMA (Figure 7C), and MMP-9 (Figure 7D)
were increased in the COPD than in the NC (Figure 7), but these increases were markedly
reduced by RO or JGT treatment (Figure 7).
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Figure 7. Effects of JGT on (A) the collagen deposition and the levels of (B) TGF-β, (C) α-SMA, and
(D) MMP-9 mRNAs, as measured by RT-PCR. NC, normal control mice; COPD, CS & LPS-treated
mice; RO, roflumilast (5 mg/kg) along with CS & LPS-treated mice; JGT-100, JGT (100 mg/kg) along
with CS & LPS-treated mice; JGT-200, JGT (200 mg/kg) along with CS & LPS-treated mice. Data
are displayed as means ± SEM. ## p < 0.01 compared with NC; * p < 0.05 and ** p < 0.01 compared
with COPD.

3.7. Effects of JGT on the Phosphorylation of NF-κB, ERK1/2, and p38 MAPKs in Lung Tissues

The effects of JGT on COPD-induced signaling pathways were investigated by mea-
suring NF-κB and MAPK phosphorylation levels. Phosphorylated NF-κB, ERK1/2, and
p38 MAPKs were increased in the COPD more so than in the NC (Figure 8). When COPD
mice were provided RO or JGT treatments, these increases were noticeably reduced.
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Figure 8. Effects of JGT on activations of NF-κB, ERK1/2, and p-38 in lung tissues, according to
Western blot analysis. NC, normal control mice; COPD, CS & LPS-treated mice; RO, roflumilast
(5 mg/kg) along with CS & LPS-treated mice; JGT-100, JGT (100 mg/kg) along with CS & LPS-
treated mice; JGT-200, JGT (200 mg/kg) along with CS & LPS-treated mice. Data are displayed as
means ± SEM. # p < 0.05 and ## p < 0.01 compared with NC; * p < 0.05 and ** p < 0.01 compared
with COPD.

4. Discussion

Herbal medicines are gaining popularity due to their potential therapeutic efficacy
and fewer side effects. For thousands of years, well-known herbal medications have been
commonly given for a variety of diseases. The present research used a CS and LPS-induced
COPD mouse disease model to explore the efficacy of JGT on the pathogenesis of COPD. JGT
treatment considerably decreased production of proinflammatory cytokines and infiltration
of inflammatory cells in lung tissue and BALF of CS and LPS-induced COPD mouse models.
Treatment with JGT also markedly hindered COPD-induced increases in TGF-β, α-SMA,
and MMP-9. In addition, phosphorylation of NF-κB, ERK1/2, and p38 MAPKs is found to
decrease following treatment of JGT.

Paeonia lactiflora Pallas and Glycyrrhiza uralensis Fischer comprise JGT. The major
elements of JGT are monoterpene glycosides, monoterpenes, and carboxylic acids from
Paeoniae Radix and triterpenes, flavanones, and flavonoid glycosides from Glycyrrhizae
Radix et Rhizoma [22]. In our data, quantitative determination of the concentrations
of nine compounds in water extracts of JGT-albiflorin, gallic acid, liquiritin apioside,
liquiritin, benzoic acid, liquiritigenin, benzoylpaeoniflorin, glycyrrhizin, and paeoniflorin—
by HPLC-PDA showed that paeoniflorin (55.292 mg/g) was the most abundant compound.
Anti-inflammatory properties of JGT components have been demonstrated. Glycyrrhiza
uralensis Fischer’s roots and rhizomes have been used to cure dermatitis, peptic ulcer, and
bronchitis [23]. Furthermore, it was discovered that it can reduce asthma symptoms by
lowering airway hypersensitivity responses and oxidative stress [24]. Paeonia lactiflora
Pallas has also been shown to be effective in treating inflammatory airway disorders such
as COPD and asthma [25].

Clinically, COPD is associated with chronic airway inflammation caused by inflamma-
tory cell activity inside lung tissue. When exposed to pollutants that are breathed, such as
cigarette smoke (CS), a key contributing factor to COPD, these cells become activated. CS
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causes airway remodeling and permanent pathological alterations in the lungs including
emphysema [26]. Because chronic inflammation persists even after stopping smoking,
an unregulated and persistent inflammatory response can lead to lung tissue destruction
and remodeling [27]. This chronic inflammation caused by infiltration into the lungs of
inflammatory cells, which produce proinflammatory cytokines and chemokines. This study
found that JGT treatment substantially reduced the increased number of inflammatory cells
as well as cytokine and chemokine levels due to CS and LPS in BALF and lung tissues.

The expression of several proinflammatory genes is increased as a result of the up-
regulation of TNF-α, IL-1, and IL-6 in COPD, which has been demonstrated to enhance
inflammation by activating NF-κB [28]. The immune system and inflammatory responses
are regulated by the NF- κB pathway, a transcriptional regulator [29]. The cytoplasm
contains an inactive NF-κB molecule bound to IκB. NF-κB is dissociated from IκB and trans-
ferred to the nucleus after stimulation, where it induces the production of inflammatory
cytokines and inducible enzymes [30]. A variety of cells express inflammatory cytokines
and other inflammatory mediators under the control of the MAPKs signaling pathway [31].
Phosphorylation of molecules in NF-κB and MAPKs pathways can be readily observed
in inflammatory lung disorders such as pneumonia and COPD [32]. The pathogenesis of
COPD with immune infiltration, mucus overproduction, fibrosis, and airway remodeling
and inflammation is associated with JNK, ERK1/2, and p38 MAPKs [33]. ERK1/2 is impli-
cated in pathological disease such as chronic inflammation and cancer and is concerned
with cell growth, survival, migration, proliferation, and differentiation [34]. p38 MAPK is
intimately linked to inflammation and is required for the generation of IL-1β, IL-6, and
TNF-α [35]. This study showed that JGT reduced NF-κB, ERK1/2, and p38 MAPK phospho-
rylation levels in COPD-induced lung tissues, suggesting that JGT reduces inflammation
by preventing NF-κB and MAPKs signaling pathway activation.

Histological examination of biopsy specimens from COPD patients has revealed struc-
tural abnormalities, such as airway wall thickening, subepithelial fibrosis, and increases in
smooth muscle mass [36]. Fibroblast growth factor (FGF), TNF-α, insulin-like growth factor
(IGF), IL-8, and peculiarly, TGF-β are essential elements in this process [37]. TGF-β has
been shown to increase collagen and fibronectin production by fibroblasts, suggesting its
importance in the progression of peribronchial fibrosis. According to research, TGF-β has
been related to smooth muscle cell proliferation and mucus hypersecretion [38–40]. MMP-9,
a member of the MMP family, is generated by smooth myocytes, mast cells, epithelial
cells, and fibroblasts, all of which are significant mediators of the extracellular matrix
metabolism and airway wall remodeling [41,42]. Expression of MMP-9 is also higher in
several types of lung cells of individuals with IPF (idiopathic pulmonary fibrosis) [43].
MMP-9 is the most potent profibrotic mediator and has a bidirectional connection with
TGF-β1. As a recation to TGF-β1 generated in the lung epithelium, IPF lung fibroblasts
produce MMP-9, which in turn activates latent TGF-β1 to increase the active TGF-β1
pool [44]. Peribronchial fibrosis following airway remodeling is thus most likely the result
of a TGF-β-mediated process comparable to uncontrolled repair. The current investigation
discovered that JGT therapy significantly lowered increased levels of TGF-β and MMP-9 in
LPS and CS—exposed mice, indicating that the beneficial impact of JGT on COPD may po-
tentially be connected to airway remodeling. Notably, prior studies have shown that NF-κB
and MAPKs signaling regulate MMP-9 expression. MMP-9 expression is promoted by the
IL-1β and TNF-α through NF-κB, ERK1/2, and p38 MAPK signaling pathway [42,45]. JGT
inhibits airway remodeling caused by CS and LPS-induced COPD via partially regulating
the phosphorylation of NF-κB, ERK1/2, and p38 MAPKs.

5. Conclusions

JGT therapy effectively decreased CS and LPS-induced COPD in mice by diminishing
inflammatory cytokines and airway remodeling. These effects of JGT were associated with
decreased activation of NF-κB, p38 MAPK, and ERK1/2. These finding suggest that JGT
may be a viable COPD treatment option. Even though JGT showed the similar effects with
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Roflumilast, the first drug for the treatment of COPD, further study is needed to evaluate
the clinical value of JGT.
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