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Abstract: Asthma is an incurable pulmonary disease with several symptoms, including abnormal
breathing, coughing, and sleep apnea, which can lead to death, and the population of asthma patients
has been increasing worldwide. There are many adverse effects in current drugs, and thus, we have
tried to develop anti-asthmatic agents from natural products such as Codonopsis laceolata. To define
the anti-asthmatic effect and the mechanism of Codonopsis laceolata, an animal study was conducted
considering different cell counts of BALF, serum IgE levels, morphological changes in the pulmonary
system, the Th2 cell transcription factor (GATA-3), and the apoptotic pathway (NF-κB/COX-2).
Codonopsis laceolata significantly suppressed the representative asthmatic changes, such as airway
remodeling, mucous hypersecretion, epithelial hyperplasia, and inflammatory cell infiltration, in
the respiratory system. It suppressed the levels of GATA-3, IL-4, and IL-13. The down-regulation
of Th2-related factors, such as GATA-3, IL-4, and IL-13, results from the stimulated apoptosis of
Th2 cells and epithelial cells via a decrease in the levels of NF-κB and COX-2. We concluded that
Codonopsis laceolata might be a promising anti-asthmatic drug.

Keywords: Codonopsis laceolata; apoptosis; NF-κB/COX-2 pathway; asthma severity

1. Introduction

Asthma is an incurable chronic inflammatory disease of the pulmonary system, which
is caused by a wide range of allergens [1]. It has several symptoms, such as wheezing,
fast and difficult breathing, coughing, and sleep apnea, which can lead to death [2], and
representative morphological changes, such as airway remodeling, inflammatory cell
infiltration, mucous hypersecretion, and epithelial cell dysfunction/hyperplasia [3,4]. In
2019, it was estimated that there were 262 million asthma patients, and 461 thousand deaths
were caused by asthma [5]. Specifically, asthma is most severe in children and the elderly
and is the main cause of hospitalization in children [6]. In 2019, the healthy life expectancy
(HALE) and the average life expectancy (LE) increased; for males, HALE and LE were
70.9 and 62.5 years and reached 75.9 and 64.9 years for females, respectively, and as time
goes on, the percentage of the elderly population will significantly increase [7]. As asthma
occurrence is related to age, the population of asthma patients could increase.

In our surrounding environment, there are many asthma-inducible allergens, and the
various carriers can introduce allergens to us, such as Der p1 and Der p2 from house dust
mite (Dermatophagoides pteronyssinus and Dermatophagoides farina), Fel d1 from cat (Felis
domesticus), Can f1 from dog (Canis familiaris), Bla g1, Gla g2 and Per a1 from cockroach
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(Blatella germanica, Periplaneta americana), Mus m1 from mouse (Mus musculus), Rat n1
from rat (Rattus norvegicus), Bet v1 from birch tree (Betula verrucose), Phl p1 and Phl p5
from timothy (Pheum pretense), and pollen/mold [8]. These allergens induce immune
imbalances, such as eosinophilia (over-differentiation of eosinophils), which is caused by
IL-5 [9]; neutrophilia in some asthma patients [10]; type 1 hyperresponsiveness related to
the IgE surge, which is caused by the activation of IL-4 and IL-13 [11]; breaking the cytokine
balance, such as Th1 cell-related cytokines (IFN-γ and IL-12) [12], Th2 cell-related factors
(IL-4, IL-5, IL-13), and Th17-related ones (IL-6 and TNF-α) [13]; and finally, the imbalance
of Th1 and Th2 cells [14]. The imbalance of Th1 cells and Th2 ones means that in healthy
persons the level of Th1 cells is higher than in asthma patients, but in the opposite situation,
asthma occurrence Th1 cells might decrease, while the level of Th2 ones might increase.

In asthma patients, the level of Th2 cell-related cytokines such as IL-4, IL-5, and IL-13
increased compared to the healthy persons [15], but the level of Th1 cell-related cytokines
such as IFN-γ and IL-12 decreased relatively [16]. T-bet is a transcription factor for Th1
cells and specifically produces IFN-γ in a positive feedback manner [17], but GATA-3
is a Th2 cell transcription factor that has a controversial effect, such as stimulating Th2
cell differentiation and inhibiting Th1 cell differentiation [18]. IFN-γ inhibits various Th2-
related effects such as mucous secretion and eosinophilia [19]; IL-12 modulates Th1 cell
differentiation and is released by B cells, macrophages, and dendritic cells [20]; IL-4 and
IL-13 stimulate mucous hypersecretion, IgE over-production, eosinophilia, and airway
remodeling [15]; IL-5 induces eosinophilia and airway hyperresponsiveness [9]; IL-6, which
increases in asthma patients, is related to the inflammation process and stimulates IL-4
production/Th17 cell differentiation but inhibits Th1 cell differentiation [21]; and TNF-α
has several functions related to asthma, such as a chemoattractant for neutrophils and
eosinophils and Th2 cell activation/migration to damage in the lung [22].

The representative morphological changes in asthma patients’ lungs are hyperplasia/
over-differentiation of the several cell types, such as epithelial cells, goblet cells, airway
smooth muscle cells and Th2 cells, and these are related to the cell death (apoptosis) [23].
The status of the cell types differs significantly over time of observation [24], and in the
recent animal studies, the level of apoptosis of several cell types increased the number
of apoptotic cells in the respiratory system, which could be suggested as a biomarker for
evaluating the asthma stage [25,26].

Asthma is an incurable disease, and anti-asthmatic drugs can be classified into two
categories—controllers to prevent asthma occurrence and relievers to suppress asthma
exacerbation [1]. The controllers involve anti-inflammatory drugs, such as corticosteroids
and leukotriene receptor antagonists, and immunomodulators, such as Th2 cell-related
down-regulators and IgE suppressors [27]. The relievers include β2-adrenergic receptor
agonists [28]. The inhaled β2-adrenergic receptor agonist and corticosteroid combination
used with a nebulizer has been commonly used as an anti-asthmatic drug, but if there
is no inhaler tool such as a nebulizer, it is difficult to deliver drugs to the asthma pa-
tient [29]. Many problems, such as death, hospitalization, and exacerbation, related to
the β2-adrenergic drug for asthma treatment have been reported for several decades [30],
and the adverse effects of corticosteroids as a combined therapy for asthma have been
reported such as growth retardation in children, immunosuppression, high blood pressure,
hyperglycemia, delayed wound healing, metabolic disease, glaucoma, and cataracts [31].

Codonopsis laceolata (C. laceolata) has been used as a culinary material or a traditional
medicine material for a long time in eastern Asia (Korea, Chinese, and Japan), and its bio-
logical effects have been studied for a long time. C. laceolata has an anti-proliferation effect
against the HT-29 human colon cancer cell line via G0/G1 arrest and apoptosis [32], preven-
tive effects against high-fat diet-induced obesity and hyperlipidemia [33], inhibitive effects
against ethanol-induced hepatic lipogenesis and inflammation via TLR-mediated mod-
ulation [34], and regulatory effects against LPS-induced macrophage-mediated immune
response (inflammation) [35].
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In this study, we evaluated the anti-asthmatic effect of C. laceolata based on the thera-
peutic mechanisms and the possibility of it as a drug candidate for anti-asthmatic treatment.

2. Materials and Methods
2.1. Codonopsis laceolata (C. laceolata) Extract Preparation

In this study, the C. laceolata used was the same as that in our previously published
study [36], which briefly explained that Diploid C. laceolate root was provided from Well-
phyto Co. (Gwangju, Korea) and deposited in Mokpo National University (MNUCSS-
CL-01). Twenty grams of C. laceolata root were extracted with boiled water for 4 h and
freeze-dried. In order to analyze the components, a high-pressure liquid chromatography
(HPLC) assay was conducted; lobetyolin was found, and the concentration of that was
0.17 ± 0.001 w/w.

2.2. Animal Experiment and Ethics Statement

The animal schedule was the same in our previous study, excluding the C. laceolata
dosing groups [3]. In order to confirm the study results, 2 studies were conducted, and
96 laboratory animals (BALB/c mice) were purchased for 2 studies from Samtako Korea
(Osan, Korea). The animals were classified into 6 groups; vehicle group (sterilized tap water,
CON), ovalbumin-induced asthma group (OVA), positive control group (1 mg/kg/day
dexamethasone with OVA, DEX), 50 mg/kg/day C. laceolata treated group with OVA,
150 mg/kg/day C. laceolata treated group with OVA, 300 mg/kg/day C. laceolata treated
group with OVA. In order to induce OVA on days 1 and 8, mice were intraperitoneally
injected with 20 µg ovalbumin (Sigma-Aldrich, St. Louis, MO, USA) and 1 mg aluminum
hydroxide hydrate (Sigma-Aldrich) in 500 µL normal saline for sensitizing, and from day
21 to day 25, they were exposed to 5% ovalbumin in normal saline for 30 min using a
nebulizer (3 mL/min, NE-U17, OMRON Co. Ltd., Kyoto, Japan). During the 5 days, all
mice were treated depending on the classification group.

This animal study was approved by the Institutional Animal Care and Use Committee
at Chonnam National University (the approval number, CNU IACUC-YB-2016-15).

2.3. Bronchioalveolar Fluid (BALF) and Serum Analysis

The BALF and serum analytic methods were the same as in our previously published
study [3]. On day 26, all mice were anesthetized with 50 mg/kg Zoletin (Virbac, Fort
Worth, TX, USA), then half of the mice in each group were cannulated with a flexible
feeding needle through the trachea for collecting BALF, and the BALF was collected three
times using 0.4 mL of phosphate-buffered saline (PBS) each time. The collected samples
were centrifuged at 848× g for 5 min at 4 ◦C (hanil M15R, Hanil Scientific Inc., Kimpo,
Korea). The downed cells were suspended again in PBS for the white blood cell count
and differential cell counts. The cell counts were evaluated by the Hemavet Multispecies
Hematology System (Drew Scientific Inc., Waterbury, CT, USA), and in order to qualitatively
measure the change of the inflammatory cells, the Diff-Quick stain (ThermoFisher Scientific)
was conducted according to the manufacturer’s guide.

In order to measure the level of serum IgE, an enzyme-linked immunosorbent assay kit
(555248, BD Bioscience, San Jose, CA, USA) was used according to the manufacturer’s guide.
The results were obtained by a microplate reader (Multiskan Sky, ThermoFisher Scientific).

2.4. Histopathological Anlaysis

Histopathological evaluation, such as hematoxylin and eosin (H&E) stain and periodic
acid chiff (PAS) stain, was conducted similarly to our previous study [3]. Fixed lung tissues
with 10% (v/v) formaldehyde solution were dehydrated in graded ethanol from 99.9% to
70% and were paraffin-embedded. Embedded cells were longitudinally sectioned as 4 µm
and were stained using H&E for morphological evaluation and with PAS for measuring the
level of glycoproteins. The photos were acquired with the Axioscope A1 (Carl Zeiss, Got-
tingen, Germany), and through the H&E stained results, the histopathological severity was
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analyzed. According to our previous study, in order to evaluate the level of morphological
change, the quantitative score from 0 to 3 was based on the representative changes in the
asthmatic pulmonary system, including mucous hypersecretion (0, none; 1, little releasing;
2, half-packed in whole duct; 3, packed mucous), epithelial cell hyperplasia (0, none; 1,
corrugated wall; 2, folded epithelium; 3, severely folded epithelium) and inflammatory cell
infiltration (0, none; 1, few leukocytes; 2, moderate number of leukocytes; 3, large number
of leukocytes) [3].

2.5. Immunofluorescent Analysis

In order to evaluate the expression level of specific proteins, immunofluorescent stain-
ing was conducted as followed by our previous study [37]. Four-micrometer-long sectioned
lung tissues of 4 groups, such as CON, OVA, DEX, and the 300 mg/kg/day C. lanceolate
treated group, were immunofluorescently stained using several primary antibodies, such as
GATA-3 (TA305795, OriGene, Rockville, MD, USA), CD278 for Th2 cells (ab224644, Abcam,
Cambridge, UK), TUNEL for apoptotic cells (Click-iT™ Plus TUNEL Assay, Invitrogen,
Waltham, MA, USA), NF-κB (51-0500, Invitrogen), COX-2 (PA1-9032, Invitrogen), and
DAPI for the nucleus (62249, ThermoFisher Scientific, Waltham, MA, USA). The primary
antibodies were bound on the specific proteins for 1 h at room temperature, the secondary
antibodies, such as Alexa Fluor 555-conjugated IgG (A-21127, ThermoFischer Scientific),
were incubated for 2 h, and the photos were acquired with a K1-Fluo confocal microscope
(Nanoscope System, Daejeon, Korea).

2.6. Real Time-Poly Chain Reaction (RT-PCR) Analysis

The analysis of cDNA levels, such as IL-4 and IL-13, was conducted based on our
previous study [3]. RNAs in the lung sample were extracted with the RNeasy Mini
Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. One hun-
dred RNA were used for a reacting template, and the sequences of primers for RT-
PCR were as follows; IL-4 forward 5′-ACAGGAGAAGGGACGCCAT-3′, IL-4 reverse
5′-GAAGCCCTACAGACGAGCTCA-3′; IL-13 forward 5′-CAGCCCTCAGCCATGAAATA-
3′, and IL-13 reverse 5′-CTTGAGTGTGTAACAGGCCATTCT-3′. The cycle for analysis
consisted of denaturation at 95 ◦C for 5 s and annealing/extension at 65 ◦C for 30 s for 40 cy-
cles, and the results were acquired by qTOWER 2.2 (Analytik Jena GmbH, Jena, Germany).

2.7. Enzyme-Linked Immunosorbent Assay (ELISA)

The protein levels of IL-4 (OptEIA, BD Bioscience, Franklin Lakes, NJ, USA) and
IL-13 (AbFrontier Cymax, AbFrontier, Seoul, Korea) were measured according to the
manufacturer’s protocols [3]. All lung samples were broken-down with lysis buffer that
was made with a protease inhibitor cocktail and a RIPA buffer (ThermoFisher Scientific) and
were centrifuged at 9000× g for 15 min at room temperature. After that, the supernatant
in each sample was collected, and the levels were analyzed using a microplate reader
(Multiskan Sky, ThermoFisher Scientific).

2.8. Statistical Analysis

Results were represented as mean ± standard deviation (SD), and the difference
of each group was compared by a one-way analysis of variance followed by Dunnett’s
multiple comparison test. The p-value was 0.05 or less.

3. Results
3.1. Codonopsis laceolata Extract Effectively Suppressed the Population Increments of White Blood
Cells (WBC) and Lymphocytes (LY) in Bronchioalveolar Fluid (BALF) and the Upregulated Level of
Serum IgE, Which Are Induced by Ovalbumin Treatment

C. laceolata dose-dependently decreased not only the numbers of WBCs but also the
population of lymphocytes compared to that of the ovalbumin treatment group in BALF
(Figure 1A,B). Specifically, C. laceolata treatment significantly inhibited the proliferation of
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inflammatory cells, which were caused by ovalbumin treatment in a dose-dependent man-
ner (Figure 1C). IgE is one of the important biomarkers for evaluating hyperresponsiveness,
and in asthma patients, the level of that significantly increases [11]. C. laceolata treatment
dose-dependently decreased the level of serum IgE, which was increased by ovalbumin
treatment, and specifically, the level of IgE in the 300 mg/kg/day C. laceolata treatment
group was similar to that in the dexamethasone treatment group (Figure 1D).
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Figure 1. C. laceolata suppressed the population increments of white blood cells (WBC) and lym-
phocytes (LY) in the bronchioalveolar fluid (BALF) and the quantity of IgE in serum, which were
increased by ovalbumin treatment. (A) C. laceolata dose-dependently decreased the number of WBC,
which was upregulated by ovalbumin. (B) The population of lymphocytes was especially decreased
by C. laceolata treatment. (C) The dose-dependent decrement of inflammatory cells by C. laceolata
was observed from the Diff-Quick stain. Scale bar, 50 µm; magnification, ×400. a, CON; b, OVA;
c, DEX, d, 50 mg/kg/day C. laceolata, e, 150 mg/kg/day C. laceolata. f. 300 mg/kg/day C. laceo-
lata. (D) C. laceolata dose-dependently decreased the level of serum IgE, which was up-regulated
by ovalbumin treatment, and specifically, in the 300 mg/kg/day C. laceolata treatment group, the
level of serum IgE was similar to that in the dexamethasone treatment group. CON, vehicle group;
OVA, ovalbumin-induced asthma group; DEX, positive control group (1 mg/kg/day dexametha-
sone with OVA); 50 mg/kg/day C. laceolata, 50 mg/kg/day C. laceolata treated group with OVA;
150 mg/kg/day C. laceolata, 150 mg/kg/day C. laceolata treated group with OVA; 300 mg/kg/day
C. laceolata, 300 mg/kg/day C. laceolata treated group with OVA. * p < 0.05 vs. CON; ** p < 0.001 vs.
CON; $ p < 0.05 vs. OVA; $$ p < 0.001 vs. OVA; # p < 0.05 vs. DEX; ## p < 0.001 vs. DEX; @ p < 0.05 vs.
50 mg/kg/day C. laceolata; @@ p < 0.001 vs. 50 mg/kg/day C. laceolata; % p < 0.05 vs. 150 mg/kg/day
C. laceolata; %% p < 0.001 vs. 150 mg/kg/day C. laceolata.

3.2. Codonopsis laceolata Extract Significantly Prevented the Representative Morphological
Changes in the Respiratory System, Which Was Induced by Ovalbumin Treatment Such as Airway
Remodeling, Mucous Hypersecretion, Pulmonary Epithelial Cell Hyperplasia, and Inflammatory
Cell Infiltration

Ovalbumin effectively induced the representative morphological changes in the pul-
monary system, which could be observed in asthma patients, such as airway remodeling,
mucous hypersecretion, pulmonary epithelial cell hyperplasia, and inflammatory cell infil-
tration near the bronchioalveolar ducts and the vessels [3,4] (Figure 2(Ab,Bb)) compared
to that of the control group (Figure 2(Aa,Ba)). C. laceolata treatment dose-dependently
prevented the ovalbumin-induced morphological changes (Figure 2(Ad–f,Bd–f)). Although
the inflammatory cell infiltration could be observed both in the 150 mg/kg/day C. laceolata
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treatment group and in the 300 mg/kg/day C. laceolata treatment group, the histopatho-
logical changes were almost completely prevented (Figure 2(Ae,f,Be,f)). Specifically, the
mucous secretion levels (Figure 2(Be,f)) were similar to that in the dexamethasone treatment
group (Figure 2(Bc)).
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Figure 2. C. laceolata prevented the ovalbumin-induced asthmatic representative morphological
changes in the pulmonary system, such as airway remodeling, mucous hypersecretion, epithelial
cell hyperplasia and inflammatory cell infiltration. (A) The photos of the hematoxylin and eosin
(H&E) stained results. a, The normal lung. b, Ovalbumin treatment increased mucous secretion in
the bronchioalveolar ducts (arrow), overgrowth of the pulmonary epithelial cells (arrow head), and
infiltration of the inflammatory cells near the bronchioalveolar ducts and vessels (asterisk mark).
c, Dexamethasone treatment decreased the ovalbumin-induced morphological changes. d, The
changes in the lung in the 50 mg/kg/day C. laceolata treatment group were similar to those in the
ovalbumin treatment group. e, In the 150 mg/kg/day C. laceolata treatment group, the severity
of the ovalbumin-induced pulmonary changes was lower than in both the ovalbumin treatment
group and in the 50 mg/kg/day C. laceolata treatment group, although it was higher than in both
the dexamethasone treatment group and in the 300 mg/kg/day C. laceolata treatment group. f, The
300 mg/kg/day C. laceolata treatment effectively inhibited the ovalbumin-induced epithelial cell
hyperplasia and inflammatory cell infiltration. (B) The results of the periodic acid schiff (PAS) stain.
a, The normal lung. b, Ovalbumin-stimulated mucous hypersecretion (arrows). c, Dexamethasone
effectively controlled the mucous secretion. d, The mucous secretion level in the 50 mg/kg/day
C. laceolata treatment was similar to that in the ovalbumin treatment group. e, In the 150 mg/kg/day
C. laceolata treatment group, the mucous secretion was significantly decreased. f, The level of mucous
secretion in the 300 mg/kg/day C. laceolata treatment group was similar to that in the dexamethasone
treatment group. Scale bar, 100 µm; magnification, ×200.

In order to clarify the prevention effect of C. laceolata against asthmatic changes, quan-
titative scoring was conducted according to our previous study [3]. In the vehicle control,
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the quantitative scores of histopathological changes (mean ± standard deviation) such as
mucous hypersecretion, epithelial cell hyperplasia, and inflammatory cell infiltration were
0.1 ± 0.08, 0.2 ± 0.21, and 0.2 ± 0.13, respectively. However, the ovalbumin increased each
item to 2.6 ± 0.34, 2.5 ± 0.21, and 2.6 ± 0.34, respectively, and dexamethasone treatment
effectively decreased each score to 0.2 ± 0.11, 0.6 ± 0.25, and 0.5 ± 0.16, respectively.
C. laceolata treatment dose-dependently prevented the morphological changes, and specif-
ically, in the 300 mg/kg/day C. laceolata treatment group, the epithelial cell hyperplasia
(0.9 ± 0.29) and the inflammatory cell infiltration (0.8 ± 0.31) were similar to that of the
dexamethasone treatment group.

Table 1 is the quantitative score chart of the histopathological changes in the lung. The
score was from 0 to 3 based on the morphological changes, including mucous hypersecre-
tion (0, none; 1, little releasing; 2, half-packed in whole duct; 3, packed mucous), epithelial
cell hyperplasia (0, none; 1, corrugated wall; 2, folded epithelium; 3, severely folded epithe-
lium) and inflammatory cell infiltration (0, none; 1, few leukocytes; 2, moderate number of
leukocytes; 3, large number of leukocytes). The score showed mean ± standard deviation.
CON, vehicle group; OVA, ovalbumin-induced asthma group; DEX, positive control group
(1 mg/kg/day dexamethasone with OVA); 50 mg/kg/day C. laceolata, 50 mg/kg/day
C. laceolata treated group with OVA; 150 mg/kg/day C. laceolata, 150 mg/kg/day C. lace-
olata treated group with OVA; 300 mg/kg/day C. laceolata, 300 mg/kg/day C. laceolata
treated group with OVA. * p < 0.05 vs. CON; ** p < 0.001 vs. CON; $ p < 0.05 vs. OVA;
$$ p < 0.001 vs. OVA; # p < 0.05 vs. DEX; ## p < 0.001 vs. DEX; @ p < 0.05 vs. 50 mg/kg/day
C. laceolata; @@ p < 0.001 vs. 50 mg/kg/day C. laceolata; % p < 0.05 vs. 150 mg/kg/day
C. laceolata.

Table 1. The quantitative score chart of the histopathological changes in the lung.

Group Mucous
Hypersecretion (0~3)

Epithelial
Hyperplasia (0~3)

Inflammatory Cell
Infiltration (0~3)

CON 0.1 ± 0.08 0.2 ± 0.21 0.1 ± 0.13

OVA 2.6 ± 0.34 ** 2.5 ± 0.21 ** 2.6 ± 0.34 **

DEX 0.2 ± 0.11 $$ 0.6 ± 0.25 *,$$ 0.5 ± 0.16 *,$$

50 mg/kg/day
C. laceolata 2.6 ± 0.38 **,## 2.3 ± 0.21 **,## 2.4 ± 0.40 **,##

150 mg/kg/day
C. laceolata 1.4 ± 0.42 **,$,##,@ 1.3 ± 0.22 **,$$,#,@@ 1.4 ± 0.38 **,$$,##,@

300 mg/kg/day
C. laceolata 0.5 ± 0.24 *,$$,#,@@,% 0.9 ± 0.29 *,$$,@@,% 0.8 ± 0.31 *,$$,@@,%

3.3. Codonopsis laceolata Extract Completely Controlled the Levels of cDNA and Protein of IL-4
and IL-13 via the Inactivation of Th2 Cell Transcription Factor, GATA-3

Asthma is a chronic inflammatory disease causing hyperresponsiveness in the pul-
monary system through the imbalance of Th1 factors and Th2 factors, and the level of Th2
cell-related factors is much higher in asthma patients than in normal people [14]. GATA-3 is
the typical Th2 cell transcription factor, the levels of which increased in asthma patients [18].
In order to evaluate C. laceolata‘s effect on the change of Th2 cell-related factors, the change
of the Th2 cell transcription factor, GATA-3, was measured using immunofluorescent analy-
sis (Figure 3A). In the ovalbumin treatment group, GATA-3 translocated from the cytoplasm
to the nucleus compared to that in the control group, but dexamethasone treatment reversed
the location of GATA-3 that was caused by ovalbumin treatment. C. laceolata treatment with
300 mg/kg/day prevented the GATA-3 translocation from the cytoplasm to the nucleus,
prohibiting its function as a Th2 cell transcription factor. C. laceolata treatment effectively
prevented the expression levels of IL-4 cDNA (Figure 3B) and IL-4 protein (Figure 3C), and
specifically, in the 150 mg/kg/day C. laceolata treatment group and the 300 mg/kg/day
C. laceolata treatment group, the declined levels of IL-4 protein were similar to that in the
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dexamethasone treatment group. In all of the C. laceolata treatment groups, the cDNA levels
of IL-13 were similar to that in the dexamethasone treatment group (Figure 3D), and the
C. laceolata treatment dose-dependently decreased the protein levels of IL-13 (Figure 3E).
Specifically, the levels of IL-13 both in the 150 mg/kg/day C. laceolata treatment group and
the 300 mg/kg/day C. laceolata treatment group were similar to that in the dexamethasone
treatment group. That meant that the suppression effects of C. laceolata treatment on Th2
cell-related cytokines, such as IL-4 and IL-13, were very significant. (Figure 3C,E).
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Figure 3. C. laceolata controlled the level of ovalbumin-induced Th2-related cytokines such as IL-
4 and IL-13 by inactivating the Th2 cell transcription factor, GATA-3. (A) The expression result
of the Th2 cell transcription factor, GATA-3, according to the C. laceolata treatment. In order to
release the Th2-related cytokines, GATA-3 should translocate from the cytoplasm to the nucleus to
conduct the Th2 cell transcription factor. The released levels of GATA-3 both in the dexamethasone
treatment group (DEX) and the 300 mg/kg/day C. laceolata treatment group were higher than
that in the ovalbumin treatment group, and that meant that the dexamethasone treatment and C.
laceolata treatment prevented ovalbumin-induced GATA-3 activation. Scale bar, 50 µm; magnification,
×400. CON, vehicle group; OVA, ovalbumin-induced asthma group; DEX, positive control group
(1 mg/kg/day dexamethasone with OVA); C. laceolata 300 mg/kg, 300 mg/kg/day C. laceolata treated
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group with OVA. (B) C. laceolata treatment suppressed the ovalbumin-induced increase in IL-4 cDNA
levels and (C) IL-4 protein levels to levels similar to the dexamethasone treatment. (D) C. laceolata
treatment down-regulated the IL-13 cDNA level and (E) the IL-13 protein level, and specifically, the
decreased levels were similar to that of the dexamethasone treatment group. CON, vehicle group;
OVA, ovalbumin-induced asthma group; DEX, positive control group (1 mg/kg/day dexamethasone
with OVA); C. laceolata 300 mg/kg, 300 mg/kg/day C. laceolata treated group with OVA. * p < 0.05 vs.
CON; ** p < 0.001 vs. CON; $ p < 0.05 vs. OVA; $$ p < 0.001 vs. OVA; # p < 0.05 vs. DEX; @ p < 0.05 vs.
50 mg/kg/day C. laceolata; % p < 0.05 vs. 150 mg/kg/day C. laceolata.

3.4. Codonopsis laceolata Extract Induced Apoptosis of Th2 Cells and Pulmonary Epithelial Cells
via the NF-κB/COX-2 Pathway

Asthma is caused by the imbalance of Th1 cells and Th2 cells, and specifically, an in-
crease in Th2 cells is a very important factor in causing asthma [14]. The hyperplasia/over-
differentiation of some cells, such as pulmonary epithelial cells, Th2 cells, and airway
smooth muscle cells, can usually be observed in asthma patients [23], but the characteristics
of the cell types are very different based on the length of observation [24]. Codonopsis
laceolata extract significantly induced the death of Th2 cells and respiratory epithelial cells,
and produced similar levels of apoptotic cells as the dexamethasone treatment group
(Figure 4A). However, it was difficult to find the apoptotic cells both in the ovalbumin
treatment group and in the control vehicle treatment group. Ovalbumin treatment in-
hibited apoptosis in respiratory cells via the NF-κB/COX-2 pathway. In the ovalbumin
treatment group, NF-κB was translocated from the cytoplasm to the nucleus compared to
the result of the control vehicle treatment group, and the expression of COX-2 protein was
highest among the experimental groups (Figure 4B). Both the dexamethasone treatment
and Codonopsis laceolata extract suppressed the NF-κB translocation to the nucleus and the
expression of COX-2 protein.
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Figure 4. C. laceolata stimulated the cell death (apoptosis) of Th2 cells and pulmonary epithelial
cells via the NF-κB/COX-2 pathway. (A) C. laceolata induced apoptosis on both the Th2 cells and
bronchioalveolar epithelial cells compared to the result in the ovalbumin treatment group. It was
difficult to observe the apoptotic cells both in the vehicle control group and in the ovalbumin
treatment group. Although the dexamethasone treatment and 300 mg/kg/day C. laceolata treatment
upregulated the apoptosis, the number of apoptotic cells in the 300 mg/kg/day C. laceolata treatment
group (magnified parts) was more than that in the dexamethasone treatment group (magnified part).
Scale bar, 50 µm; magnification,×400. CON, vehicle group; OVA, ovalbumin-induced asthma group;
DEX, positive control group (1 mg/kg/day dexamethasone with OVA); C. laceolata 300 mg/kg,



Processes 2022, 10, 1249 10 of 13

300 mg/kg/day C. laceolata treated group with OVA. (B) In the ovalbumin treatment group, the
expression levels of NF-κB in the nucleus and COX-2 in the cytoplasm were the highest compared to
the other groups, and specifically, the expression level of COX-2 in the ovalbumin treatment group
increased significantly. However, the dexamethasone treatment and 300 mg/kg/day C. laceolata
treatment both suppressed the levels of expressed NF-κB in the nucleus and COX-2 in the cytoplasm.
Scale bar, 50 µm; magnification, ×1000. CON, vehicle group; OVA, ovalbumin-induced asthma
group; DEX, positive control group (1 mg/kg/day dexamethasone with OVA); C. laceolata 300 mg/kg,
300 mg/kg/day C. laceolata treated group with OVA.

4. Discussion

Anti-asthmatic drugs can be classified into two categories—relievers, such as short-
acting β2-agonists/anticholinergics, and controllers, such as long-acting β2-agonists, but
a combined therapy, such as reliever/controller and corticosteroids, is usually used [28].
The current strategy of anti-asthmatic drug development involves searching for safe lev-
els/doses of immunomodulatory or anti-inflammatory agents. The immunomodulatory
agents involve the specific cytokine inhibitors, such as IL-4, IL-5, and IL-13, as anti-IL-4
and IL-13 can block eosinophilia, and IgE releasing via inactivating eosinophils and IL-5
can prevent severe eosinophilic asthma [38]. Anti-IgE agents, such as omalizumab, are
immunomodulatory and are called the ‘magic bullet’ for allergic asthma treatment as they
can suppress the exacerbation of asthma [39]. In our lab, we have been concentrating on
finding Th2 cell-suppressing agents from natural products [13,40–42].

In our previous study, luteolin had been revealed as a major component of C. laceolata
root, and it had an anti-hyperuricemic effect [36]. Another group reported that luteolin had
an anti-allergic effect, although the results stated that it had a cytokine suppressive effect,
such as IL-4, IL-5, and IL-13, but they could not confirm its anti-allergic mechanism [43].
Although the major compound in C. laceolata root was confirmed as luteolin, and the
therapeutic effect for allergic asthma was evaluated, the biological mechanism could not be
identified, and thus, an investigation of the anti-asthmatic mechanism of C. laceolata extract
should be conducted.

Asthma might be caused by the imbalance of Th1 and Th2 factors [14], and specifically
in asthma, Th2-related factors, such as IL-4 and IL-13, increase significantly [13,15]. IL-4
induces GATA-3’s transcriptional activity via a positive feedback mechanism and causes
enhanced IgE secretion from B cells, eosinophilia, mucous hypersecretion, and airway
remodeling [38]. IL-13 could stimulate asthma via various effects such as IgE secretion,
eosinophilia stimulation, mucous hypersecretion, and airway remodeling via the NF-κB
pathway [44,45]. Because of the importance of the inhibition effect of IL-4 and IL-13 against
asthma occurrence, research for a dual vaccination of anti-IL-4 and anti-IL-13 against
asthma has increased [46]. C. laceolata treatment effectively suppressed the expression of
IL-4 and IL-13 via down-regulating GATA-3 levels (Figure 3), which means that if the anti-
asthmatic potency of C. laceolata could be very high, there is the potential for C. laceolata to
be a new anti-asthmatic agent. Interestingly, the cDNA level of IL-4 in the 150 mg/kg/day
C. laceolata treatment group was similar to that in the dexamethasone treatment group, and
the cDNA level of IL-13 in the 150 mg/kg/day C. laceolata treatment group was lower than
that in the dexamethasone treatment group, but both of the protein levels, IL-4 and IL-13,
were similar to that in the dexamethasone treatment group. However, we could not figure
out the cause of the difference, and thus in a further study, we should define the reason.

Apoptosis (programmed cell death) is a very important physiological process, for
example, in the development and aging of bio-organisms, and is one of the defense sys-
tems, contributing to for example, immune reactions or methods against toxins or disease
occurrence [47]. Currently, it could be classified into three pathways such as the extrinsic
pathway, the intrinsic pathway, and the perforin/granzyme pathway. The extrinsic path-
way is related to the transmembrane receptor, and the intrinsic pathway is related to the
mitochondria but not to the transmembrane receptor. The perforin/granzyme pathway is
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related to the transmembrane pore-forming molecules, perforin and the serine proteases,
granzyme A and granzyme B [48]. In the extrinsic pathway, the typical transmembrane
is a tumor necrosis factor receptor (TNFR), such as TNFR1, cluster of differentiation 95
(CD95)/Fas, or TNF-related apoptosis-inducing ligand receptor (TRAILR), and it is related
to the NF-κB/COX-2 pathway and p53 pathway [49]. NF-κB is one of the transcription
factors and could induce COX-2 for cell proliferation [50], and the IκB/NF-κB pathway is an
important signal for balancing life and death [51]. Specifically, asthma is deeply related to
hyperplasia/over-differentiation of special types of cells, such as pulmonary epithelial cells,
Th2 cells, and airway smooth muscle cells [23], and the tendency of the cell type (apoptotic
cells or normal cells) is based on the length of observation [24]. Vignola’s group reported
that although there was no difference in the expression of apoptosis among asthma patients,
normal persons, and corticosteroid-treated persons, there were differences in several other
factors such as NF-κB, PCNA, and CD40-L [52]. In asthma patients and in asthma animal
models, because the asthma-related cells could be over-differentiated, the population of
apoptotic cells decreases [53–55], but in contrast to the other studies, Isik’s group reported
that in an animal model, the apoptotic cells increased [56]. In our study, the level of apop-
totic cells in the ovalbumin treatment group was very low, and the result was similar to that
in the vehicle control group (Figure 4A). However, the apoptotic population both in the
dexamethasone treatment group and in the 300 mg/kg/day C. laceolata treatment group
significantly increased—specifically, the apoptotic cells located in the parenchymal region
and in the pulmonary epithelial region. That meant that dexamethasone or C. laceolata
stimulated Th2 cells and epithelial cells to undergo apoptosis. The pathway of apoptosis
in dexamethasone treatment and C. laceolata treatment was revealed as the NF-κB/COX-2
pathway, as the NF-κB translocation and COX-2 expression were blocked (Figure 4B). We
concluded that C. laceolata could be a promising drug against asthma via the NF-κB/COX-2
pathway-mediated apoptosis of Th2 cells and pulmonary epithelial cells.
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