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Pelargonium sidoides (PS) is traditionally used to treat respiratory and gastrointestinal infections, dysmenorrhea, and hepatic
disorders in South Africa. Coptis Rhizoma (CR) is used to treat gastroenteric disorders, cardiovascular diseases, and cancer in
East Asia. In the present study, we intended to observe the possible beneficial antiasthma effects of PS and CR on the ov-
albumin- (OVA-) induced asthma C57BL/6] mice. Asthma in mice was induced by OVA sensitization and subsequent
boosting. PS + CR (300 and 1,000 mg/kg; PO) or dexamethasone (IP) was administered once a day for 16 days. The changes in
the body weight and gains, lung weights and gross inspections, total and differential cell counts of leukocytes in bron-
choalveolar lavage fluid (BALF), serum OVA-specific immunoglobulin E (OVA-sIgE) levels, interleukin-4 (IL-4) and IL-5
levels in BALF and lung tissue homogenate, and IL-4 and IL-5 mRNA levels in lung tissue homogenates were analyzed with
lung histopathology: mean alveolar surface area (ASA), alveolar septal thickness, numbers of inflammatory cells, mast cells, and
eosinophils infiltrated in the alveolar regions, respectively. Significant increases in lung weights, total and differential cell
counts of leukocytes in BALF, serum OVA-sIgE levels, and IL-4 and IL-5 levels in BALF and lung tissue homogenate were
observed in OVA control as compared to those of intact control. In addition, OVA control showed a significant decrease in
mean ASA and increases in alveolar septal thickness, numbers of inflammatory cells, mast cells, and eosinophils
infiltrated in alveolar regions. However, these allergic and inflammatory asthmatic changes were significantly inhibited by
PS+ CRin a dose-dependent manner. In this study, PS + CR showed dose-dependent beneficial effects on OVA-induced
asthma in mice through anti-inflammatory and antiallergic activities. Therefore, it is expected that PS + CR have enough
potential as a new therapeutic agent or as an ingredient of a medicinal agent for various allergic and inflammatory
respiratory diseases including asthma.

1. Introduction

Asthma is a chronic inflammatory disease of the lungs,
characterized by airway hyperresponsiveness to both inhaled
allergens and nonspecific stimuli [1]. The airway hyper-
responsiveness results from epithelial injury caused by the
accumulation of activated eosinophils and mast cells within the

respiratory tract [2]. There is also convincing evidence that
increased immunoglobulin E (IgE) levels and goblet-cell hy-
perplasia are observed in asthma [3]. The prevalence of asthma
is increasing worldwide, and it has become a significant cause
of health challenge especially in developed countries [4].
Type 2 helper T (Th2) cells seem to play a pivotal role in
immune dysfunction, which contributes to the development
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of asthma [5-7]. In addition, it has been observed that the
Th2-associated cytokines (e.g., interleukin-4 (IL-4), IL-5,
and IL-13) were released by the airway epithelial cells. IL-4
has important roles in allergic inflammation and airway
remodeling [8] and promotes the differentiation of
B-lymphocytes, which lead to IgE generation [9]. IL-5 is the
most specific to eosinophils and is responsible for eosinophil
growth, differentiation, mobilization, activation, recruit-
ment, and survival [10]. Eosinophils differentiate within
tissues undergoing an allergic response, including asthma
[11]. Thus, regulating the IL-4 or IL-5 is a useful therapeutic
approach in allergic asthma [4, 12].

Pelargonium sidoides (PS), the important traditional
medicine for treatment of diarrhea and dysentery in South
Africa, has antibacterial, antifungal, antimycobacterial, and
immunomodulatory properties [13]. Moreover, PS can pre-
vent asthma attacks during upper respiratory tract viral in-
fections and reduce rhinovirus infection by modulating viral
binding proteins [14, 15]. Coptis Rhizoma (CR) is used to
treat of bacillary dysentery, typhoid, tuberculosis, epidemic
cerebrospinal meningitis, pertussis, and other diseases [16].

Recent studies have shown that these herbs have antioxi-
dant, anticancer, and anti-inflammatory pharmacological ac-
tivities [17, 18]. In addition, we previously reported that PS + CR
had potent anti-inflammatory activities, in vitro and in vivo [19].

Ovalbumin- (OVA-) induced asthma C57BL/6] mice are
a representative asthma animal model resembling human
asthma [20, 21], and dexamethasone (DEXA) is a well-
known glucocorticoid and is widely used as an anti-in-
flammatory control drug for development of new anti-
asthmatic agents [20, 22].

In this study, we intended to observe the possible
beneficial antiasthma effects of PS + CR (2 : 1 mixed formula,
w:w) on OVA-induced asthma C57BL/6] mice, our hope
being to help develop a potent alternative antiasthmatic
natural agent or functional food.

2. Materials and Methods

2.1. Chemicals and Reagents. Carboxymethyl cellulose
(CMC) sodium salt, DEXA-water soluble, OVA, trypan blue,
aluminum hydroxide gel, and Al(OH); were obtained from
Sigma-Aldrich (St. Louis, MO, USA). Isoflurane was ob-
tained from Hana Pharm. Co. (Hwaseong, Korea). IL-4, IL-
5, and an OVA-specific IgE (OVA-sIgE) ELISA kit were
obtained from MyBioSource (San Diego, CA, USA). TRIzol
reagent was obtained from Invitrogen (Carlsbad, CA, USA).

2.2. Preparations of PS+ CR. PS and CR were prepared and
supplied by Korea United Pharm. Inc. (Seoul, Korea) [19]. In
this study, CMC stock solution was dissolved in distilled
water at a concentration of 5 mg/ml and autoclaved at 121°C
for 20 min using a general and commercial autoclave (DAC-
40, Woori Science, Seoul, Korea). Appropriate amounts of
herbal mixture were directly suspended in 0.5% CMC so-
lution. Specifically, PS:CR in ratios of 200mg:100 mg
(300 mg) and 666.67 mg:333.33 mg (1000 mg) were dissolved
in 10 ml of 0.5% CMC solutions.
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2.3. Animal Treatment. C57BL/6] mice (six weeks old,
weighting 16-18g) were purchased from Dae Han Bio
Link (Eumseong, Korea) and used after acclimatization for
seven days. Animals were allocated at five for each pol-
ycarbonate cage in a temperature (20°C-25°C) and hu-
midity (50-55%) controlled room. The light:dark cycle was
12:12h, and standard rodent chow (Purinafeed, Seong-
nam, Korea) and tap water were supplied ad libitum. All
laboratory animals were treated according to the inter-
national regulations of the usage and welfare of laboratory
animals, as approved by the Institutional Animal Care and
Use Committee (Approval no. DHU2018-050) in Daegu
Haany University (Gyeongbuk, Korea) prior to the animal
experiment. Ten mice in each group, in a total of five
groups, were selected based on the body weight deviations
(intact control, average 18.16 +0.56 g, range 17.3-17.3 g;
OVA groups, average 18.18£0.61g, range 17.1-19.2g)
(Figure 1). PS + CR was orally administered in a volume of
10 ml/kg (as equivalent to 300 and 1,000 mg/kg in PS + CR)
once a day for 16 days, using a zonde attached to a 1 ml
syringe. The dosage of PS + CR was selected based on our
previous in vivo anti-inflammatory efficacy test [19].
DEXA was prepared by dissolving in saline as a 0.3 mg/ml
concentration and used as a reference drug. DEXA was
intraperitoneally (IP) injected at a volume of 10 ml/kg (as
equivalent to 3 mg/kg) once a day for 16 days. To provide
the same stresses caused by administration, equal volumes
of 0.5% CMC solutions were orally administered to intact
and OVA control mice. PS+ CR or DEXA was given an
hour after the end of OVA sensitization and boosting.
Actual compositions of test materials and vehicles are
listed in Table 1.

24. Mouse Sensitization and Challenge with OVA.
Asthma in C57BL/6] mice was induced by OVA sensitiza-
tion (IP, 10 mg OV A absorbed to 0.9 mg AI(OH); containing
20 ml saline, once a day for two days, at seven day intervals)
and boosting (intranasal treatment of OVA 10 pg/50 ul sa-
line, twice a day for two continuous days) according to
previous OVA-induced asthma mouse experiments [20, 22].
One week after the first OV A sensitization, the mice received
a second OVA solution. At seven days after the second OVA
sensitization, the mice were intranasally challenged with
OVA (10 ug/50 ul) twice a day for 2 continuous days using
yellow tips attached to micropipettes.

2.5. Measurement of Body Weights. Changes of body weights
were measured one day before initial herbal mixture ad-
ministration, on the day of the first herbal mixture ad-
ministration, and at 1, 7, 14, 15, and 16 days after initial
DEXA or herbal mixture administration using an automatic
electronic balance (XB320 M, Precisa Instruments, Dietikon,
Switzerland). To reduce the individual differences, the body
weight gains during the 16 days of the experimental periods
were calculated as body weight at 24 h after the last (16™)
administration minus body weight on the day of first
administration.
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FIGURE 1: Experimental design used in this study. Analysis was as follows: body weight and gains, lung weights, total and differential cell
counts of leukocytes in BALF, serum OV A-sIgE levels, IL-4 and IL-5 levels in BALF and lung tissue homogenate, IL-4 and IL-5 mRNA levels

in lung tissue homogenate, and lung histopathology.

TaBLE 1: Actual compositions of test substances used in this study.

Compositions (mg)

Groups Vehicle (10 ml)
DEXA PS CR
Controls
Intact 0 0 0 0.5% CMC
OVA 0 0 0 0.5% CMC
Reference
DEXA 3 (45.56) 0 0 Saline
PS+CR
300 mg/kg 0 200 100 0.5% CMC
1,000 mg/kg 0 666.67 333.33 0.5% CMC

PS = Pelargonium sidoides; CR = Coptis Rhizoma; PS+ CR=PS and CR 2:1
mixed formula; OVA =ovalbumin; CMC = carboxymethyl cellulose;
DEXA = dexamethasone.

2.6. Gross Inspection and Measurement of Lung Weights.
At 24 h after the last administration and 25 h after the second
OVA boosting, we separated individual lungs that were
under anesthesia with 2 to 3% isoflurane in the mixture of
70% N,O and 28.5% O, using rodent inhalation anesthesia
apparatus (Surgivet, Waukesha, WI, USA) and rodent
ventilator (Model 687, Harvard Apparatus, Cambridge, UK)
and performed the gross inspections with imaging by a
commercial digital camera (FinePix S700, Fujifilm, Tokyo,
Japan). After that, the weights of individual lung were
measured at Gram levels (absolute wet weights) using an
automatic electronic balance (XB320M, Precisa Instru-
ments, Dietikon, Switzerland). Relative lung weights were
expressed as percentage of body weights [(absolute lung wet-
weights/body weight at sacrifice) x 100].

2.7. Lung Sampling. After lung weight measurement, two
3-0 nylon ligations were conducted on the left secondary
bronchus and right lower secondary bronchus. We used the
left lung for histopathological inspections, the right lung
upper and middle lobes for BALF collection, and the right
lung lower lobes for cytokine analysis.

2.8. BALF Collection. After 3-0 nylon ligations, 1 ml of
physiological saline was instilled in the tracheal cannula
(20 G) with subsequent aspiration with a syringe. This was

repeated twice, yielding two samples from each animal
according to previous methods [20, 22] with some modi-
fication. The total number of cells was counted by an au-
tomated cell counter (Countess C10281; Invitrogen) under
trypan blue stain. In addition, total leukocyte numbers and
differential counts, lymphocytes, neutrophils, eosinophils,
and monocytes, were detected by an automated hematology
cell counter (Cell-DYN3700, Abbott Laboratories, Abbott
Park, IL, USA).

2.9. Preparation of Lung Tissue Homogenates. Lung tissues
(right lower lobes) were homogenized using a bead beater
(TacoTMPre, GeneResearch Biotechnology Corp., Taichung,
Taiwan) and ultrasonic cell disruptor (KS-750, Madell
Technology Corp., Ontario, CA, USA) in an equal volume of
normal saline.

2.10. Serum OVA-sIgE and Cytokines Measurement.
Blood was collected through the vena cava of mice under
inhalation anesthesia at sacrifice 25h after the 16th ad-
ministration. Serum samples were obtained by centrifuga-
tion and stored at —150°C in an ultradeep freezer (MDF-
1156, Sanyo, Tokyo, Japan) until analysis. The serum was
diluted 1:25 in assay diluent buffer, and OVA-sIgE was
measured using a mouse OVA-sIgE ELISA kit, according to
the manufacturer’s protocol. Optical density was measured
at 450nm by a microplate reader (Sunrise, Tecan,
Minnedorf, Switzerland). Lung and BALF IL-4 and IL-5
levels were also measured using mouse IL-4 and IL-5 ELISA
kits at 450 nm, respectively.

2.11. Quantitative RT-PCR Analysis. RNA was extracted
using TRIzol reagent from prepared individual lung tissue
homogenate according to the method described in a pre-
vious study [23]. The RNA concentrations and quality were
measured by a Real-Time System (CFX96TM, Bio-Rad,
Hercules, CA, USA). To remove contaminating DNA,
samples were treated with recombinant DNase I (DNA-free
DNA Removal kit; Ambion; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). RNA was reverse-transcribed using
the High-Capacity cDNA Reverse Transcription kit (Applied



Biosystems; Thermo Fisher Scientific, Inc.) following the
manufacturer’s instructions. The PCR cycling conditions
were as follows: initial predenaturation of 95°C for 1 min,
denaturation for 15 sec, annealing at 55°C-65°C for 20 sec,
and extension of 72°C for 30sec. A total of 50 cycles were
performed. The glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) RNA was used as a control for tissue integrity in
all samples. PCR primer sequences are listed in Table 2. For
quantitative analysis, the intact control lung tissue was used
as the control, and the relative expressions of IL-4 and IL-5
were calculated using the 27284 method [24].

2.12. Histopathology. Approximately equal regions of the left
lateral lobe of an individual lung were cross-trimmed
according to previously established methods [25]. Represen-
tative sections were stained with hematoxylin and eosin (H&E)
for general histopathology, Congo red for eosinophils, or
toluidine blue for mast cells, according to previously estab-
lished methods [20, 26, 27]. After that, the histological profiles
of individual cross-trimmed left lateral lobes of lung tissue
were observed by using a light microscope (Model Eclipse 807,
Nikon, Tokyo, Japan) while being blinded to group distri-
bution. To observe more details of any changes, the mean ASA
(%/mm?) reflected the pulmonary functions, gas exchange
capacities [20, 28], and mean alveolar septal thickness (ym)
and numbers of inflammatory cells, eosinophils, and mast cells
infiltrated in the alveolar regions (cells/mm?) [20, 21, 27] were
calculated for histomorphometrical analysis using a computer-
assisted image analysis program (iSolution FL ver 9.1, IMT i-
Solution Inc., Vancouver, Quebec, Canada).

2.13. Statistical Analysis. Values are expressed as mean + SD
of ten mice. One-way ANOVA was used to assess the
multiple comparison tests for different dose groups, fol-
lowed by Levene’s test or a least-significant differences
multicomparison test [24, 29, 30]. Differences were con-
sidered significant at p<0.05. In addition, the percent
changes between intact vehicle and OVA control mice were
calculated to monitor the severities of asthmatic changes
induced by OVA sensitization and boosting, and the percent
changes between OVA control mice and PS+ CR 300 and
1,000 mg/kg or DEXA 3 mg/kg treated mice were also cal-
culated to help us understand the efficacy, according to our
previous reports [31, 32] as follows:

(i) Percent changes as compared with intact control
(%) = ((data of OV A control—data of intact control)/
data of intact control) x 100

(ii) Percent changes as compared with OVA control
(%) = ((data of PS + CR or DEXA treated mice—data
of OVA control)/data of OVA control) x 100

3. Results

3.1. Changes in the Body Weights. No significant changes in
the body weights or gains were detected in OVA control as
compared to those of intact control throughout the experi-
mental period. In addition, no significant changes in the body
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TasLE 2: Oligonucleotides for quantitative RT-PCR used in this
study.

Target 5-3'
Forward

Sequence
GAATGTACCAGGAGCCATATC

Interleukin-4

Reverse CTCAGTACTACGAGTAATCCA
Interleukin.5 Forward TCACCGAGCTCTGTTGACAA

Reverse CCACACTTCTCTTTTTGGCG
GAPDH Forward CATCTTCCAGGAGCGAGACC

Reverse AAGCCATGCCAATGTTGTCT

RT-PCR =reverse transcription polymerase chain reaction; GAPDH =-
glyceraldehyde 3-phosphate dehydrogenase.

weights and gains were detected in PS+CR (300 and
1,000 mg/kg) as compared to those of OVA control during the
entire experimental period. In contrast, significant (p <0.01
or p <0.05) decreases of body weight were observed at the 8th
treatment day with DEXA as compared to those of intact
control and also at the 15th treatment day as compared to
those of OVA control. The body weight gains of DEXA were
also significantly (p <0.01 or p <0.05) smaller than those of
intact control and OVA control (Table 3; Figure 2).

3.2. Gross Inspections and Lung Weight Changes. Marked
enlargement of lung-edematous changes and related sig-
nificant (p < 0.01) increases of lung absolute wet and relative
weights were detected in OVA control as compared with
intact control. However, these OVA-induced pulmonary
edematous changes and related increases of lung absolute
and relative weights were significantly (p <0.01) and dose-
dependently inhibited by oral treatment of PS + CR as being
comparable to those of DEXA (Figures 3 and 4).

The absolute lung weights in OV A control were changed
by 16.82% as compared with intact control, but they were
changed by —14.87, —8.92, and —11.35% in DEXA, PS+ CR
300, and PS + CR 1,000, respectively, as compared to those of
OVA control.

The relative lung weights in OVA control were changed
by 17.51% as compared with intact control, but they were
changed by —12.01, -7.49, and -12.50% in DEXA, PS+ CR
300, and PS + CR 1,000, respectively, as compared to those of
OVA control.

3.3. BALF Cytology. Significant (p < 0.01) increases of BALF
total cells (Figure 5(a), left), total leukocytes (Figure 5(a),
right), lymphocytes (Figure 5(b), upper left), eosinophils
(Figure 5(b), lower left), and monocytes (Figure 5(b), lower
right) were detected in OV A control as compared with intact
control. However, these OVA-induced increases were sig-
nificantly (p<0.01) and dose-dependently inhibited by
PS + CR. However, significant changes on the BALF neu-
trophil numbers were not demonstrated in OVA control
mice as compared to those of intact control or in DEXA,
PS+CR 300, and PS+CR 1,000 as compared to those of
OVA control mice (Figure 5(b), upper right).

The BALF total cell numbers in OVA control were
changed by 272.46% as compared with intact control but
were changed by —55.31, —36.01, and —56.27% in DEXA,
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TaBLE 3: Body weight gains in intact or OVA-induced asthmatic mice.

Periods
Groups Body weights (g) Weight gains [B-A]
Day 1 Day 0 (a)* Day 16 (B)*
Controls
Intact 18.16 £0.56 14.85+0.50 16.45 +0.46 1.60 £0.30
OVA 18.18 £ 0.46 14.92 +0.51 16.36 £0.71 1.44+0.43
DEXA 3 mg/kg 18.20 + 0.64 15.01 £0.53 15.84+0.73 0.83 +0.44%
PS+CR
300 mg/kg 18.18 £0.80 14.88 £0.53 16.12+0.74 1.24 £0.45
1,000 mg/kg 18.16 £ 0.58 15.08 +0.49 16.59 +0.84 1.51+0.67

PS = Pelargonium sidoides; CR = Coptis Rhizoma; PS+ CR=PS and CR 2:1 mixed formula; OVA = ovalbumin; CMC = carboxymethyl cellulose; DEX-
A = dexamethasone. Day 16 means the day of 24 h after last 16th PS + CR or DEXA administration *p < 0.01 as compared with intact control by LSD test.

$<0.01 as compared with OVA control by LSD test.

20 -
19
T 18 1
5
2 17 1
=
>~
)
R 16
15 4
14 T T T T T T T
-1 0 1 7 14 15 16
Days after first test material administration
—@— Intact control mice
—O— OVA control mice
—w— DEXA 3mg/kg IP treated OVA mice
—— PS + CR 300 mg/kg orally treated OVA mice
—— PS + CR 1,000mg/kg orally treated OVA mice

F1GURE 2: Body weights changes in intact or OVA-induced asth-
matic mice. No significant changes in the body weights were de-
tected in OVA control as compared to those of intact control mice
throughout the experimental period. In addition, no significant
changes in the body weights were detected in PS+CR 300 or
1,000 mg/kg orally administered mice as compared to OVA control
mice during the experimental periods. In contrast, significant
decreases of body weights were observed from the 8th treatment
day with DEXA 3 mg/kg as compared to those of intact vehicle
control and also from the 15th treatment day as compared to those
of OVA control mice (arrows). Values are expressed as mean + SD
of 10 mice. PS=Pelargonium sidoides; CR=Coptis Rhizoma;
PS+CR=PS and CR 2:1 mixed formula; OVA =ovalbumin;
DEXA = dexamethasone; IP = intraperitoneal injection. TAll ani-
mals were fasted overnight. Day 0 means the day of first test
substance administration/first OVA sensitization. Day 16 means
the day of 24h after last 16th test substance administration.
2p<0.01 and®p < 0.05 as compared with intact control by LSD test.
€p <0.05 as compared with OVA control by LSD test.

PS+ CR 300, and PS+CR 1,000 as compared to those of
OVA control, and the total leukocyte numbers in OVA
control were changed by 260.00% as compared with intact
control but were changed by —50.00, —24.57, and —48.72% in

DEXA, PS+CR 300, and PS+CR 1,000, respectively, as
compared to those of OVA control.

In the BALF, the lymphocyte numbers in OVA control
were changed by 454.55% as compared with intact control
but were changed by —48.20, —27.21, and —49.18% in DEXA,
PS+CR 300, and PS+CR 1,000, respectively, and the
neutrophil numbers in OVA control were changed by
12.82% as compared with intact control and were changed
by —22.73, 0.00, and —4.55% in DEXA, PS+CR 300, and
PS + CR 1,000, respectively. The eosinophil numbers in OVA
control mice were changed by 2800.00% as compared with
intact control but were changed by —-57.76, —34.48, and
-58.62% in DEXA, PS+CR 300, and PS+CR 1,000, re-
spectively, and the monocyte numbers in OVA control were
changed by 2200.00% as compared with intact control but
were changed by -73.91, —-56.09, and -73.48% DEXA,
PS + CR 300, and PS + CR 1,000, respectively.

3.4. Serum OVA-sIg E Levels. Significant (p <0.01) increases
of serum OVA-sIgE levels were detected in OVA control
mice as compared with intact control. However, these OVA-
induced increases of serum OVA-sIgE levels were signifi-
cantly (p<0.01) and dose-dependently inhibited by oral
treatment of PS + CR (300 and 1,000 mg/kg) as compared to
those of DEXA (3 mg/kg) (Figure 6).

The serum OVA-sIgE levels in OVA control mice were
changed by 457.25% as compared with intact control but
were changed by —65.64, —34.11, and —65.87% in DEXA,
PS + CR 300, and PS+ CR 1,000, respectively.

3.5. BALF IL-4 and IL-5 Contents. Significant (p <0.01)
increases of BALF IL-4 and IL-5 contents were detected in
OVA control mice as compared with intact control. How-
ever, these OVA-induced cytokine elevations in the BALF
were significantly (p < 0.01) and dose-dependently inhibited
by oral treatment of PS+CR (300 and 1,000 mg/kg), as
compared to those of DEXA (3 mg/kg), in the present ex-
periment (Figure 7(a)).

The BALF IL-4 contents in OVA control were changed
by 309.55% as compared with intact control but were
changed as -57.18, —32.02, and —53.74% in DEXA, PS+ CR
300, and PS+CR 1,000 as compared to those of OVA
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FIGURE 3: Representative lung gross images, taken from intact or OVA-induced asthmatic mice. Marked enlargement of lung-edematous
changes was detected in OVA control mice as compared with intact control mice. However, these OVA-induced pulmonary edematous
changes were dose-dependently inhibited by oral treatment with PS + CR 300 and 1,000 mg/kg, as being comparable to the effects of DEXA
3 mg/kg oral administration. PS = Pelargonium sidoides; CR = Coptis Rhizoma; PS + CR = PS and CR 2 : 1 mixed formula; OVA = ovalbumin;

DEXA = dexamethasone. Scale bars =7 mm.
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FIGURE 4: Lung weight changes in intact or OVA-induced asth-
matic mice. Significant increases of lung absolute wet and relative
weights were detected in OVA control mice as compared with
intact control mice. However, these OVA-induced lung absolute
and relative weight increases were significantly and dose-depen-
dently inhibited by oral treatment with PS + CR 300 and 1,000 mg/
kg, as being comparable to those of DEXA 3 mg/kg oral admin-
istration. Values are expressed as mean+SD of 10 mice.
PS = Pelargonium sidoides; CR = Coptis Rhizoma; PS+ CR=PS
and CR 2:1 mixed formula; OVA = ovalbumin;
DEXA = dexamethasone. * p < 0.01 as compared with intact control
by LSD test. ®p < 0.01 as compared with OVA control by LSD test.
¢p<0.01 and ¢p<0.05 as compared with intact control by MW
test. °p < 0.01 as compared with OVA control by MW test.

control. The BALF IL-5 contents in OVA control were
changed by 495.93% as compared with intact control but
were changed by —57.18, —41.99, and —54.59% in DEXA,
PS + CR 300, and PS + CR 1,000, respectively, as compared to
those of OVA control.

3.6. Serum IL-4 and IL-5 Levels. Significant (p<0.01) in-
creases of serum IL-4 and IL-5 levels were detected in OVA
control as compared with intact control. However, these
OVA-induced cytokine elevations in the serum were sig-
nificantly (p < 0.01) and dose-dependently inhibited by oral
treatment of PS + CR (300 and 1,000 mg/kg) as comparable
to those of DEXA (3 mg/kg) in this experiment (Figure 7(b)).

The serum IL-4 levels in OVA control mice were
changed by 246.03% as compared with intact control, but

they were changed by —59.44, —37.94, and -56.03% in
DEXA, PS+CR 300, and PS+CR 1,000, respectively, as
compared to those of OVA control mice. The serum IL-5
levels in OVA control mice were changed by 273.63% as
compared with intact control but were changed by —56.94,
-29.29, and -53.94% in DEXA, PS+ CR 300, and PS+CR
1,000, respectively, as compared to those of OVA control.

3.7. Lung IL-4 and IL-5 mRNA Expressions. Significant
(p<0.01) increases of lung tissue IL-4 and IL-5 mRNA
expressions were detected in OVA control as compared with
intact control. However, these OVA-induced over expres-
sions of IL-4 and IL-5 in the lung tissue were significantly
(p <0.01) and dose-dependently inhibited by oral treatment
of PS+ CR (300 and 1,000 mg/kg) as compared to those of
DEXA (3 mg/kg) in this experiment (Figure 7(c)).

The lung tissue IL-4 mRNA expressions in OVA control
were changed by 842.72% as compared with intact control,
but they were changed by -76.31, —62.10, and —71.99% in
DEXA, PS+CR 300, and PS+CR 1,000, respectively, as
compared to those of OVA control. The lung tissue IL-5
mRNA expressions in OVA control were changed by
671.29% as compared with intact control but were changed
by —69.96, —51.35, and —65.08% in DEXA, PS + CR 300, and
PS + CR 1,000, respectively, as compared to those of OVA
control.

3.8. Lung Histopathology. Noticeable sarcomatous asth-
matic changes, hyperplasia of mucous producing cells in
bronchioles, thickening of alveolar septum, and infiltration
of inflammatory cells, mast cells, and eosinophils, were
demonstrated in OVA control mice lung tissues as com-
pared to those of intact control mice. These were recon-
firmed by histomorphometrical analysis. There were
significant (p <0.01) increases of the mean alveolar septal
thicknesses, infiltrated inflammatory cells, mast cells, and
eosinophil numbers around the alveolar regions, and there
was a decrease of mean ASA in OVA control as compared
to intact control. However, these OVA-induced sarco-
matous asthmatic histological changes were significantly
(p<0.01) and dose-dependently inhibited by oral treat-
ment of PS+CR (300 and 1,000 mg/kg), constantly as
comparable to that by DEXA (3 mg/kg) in this experiment
(Figures 8 and 9).
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F1GURrk 5: Cytology of BALF in intact or OVA-induced asthmatic mice. Significant increases of cell numbers were detected in OVA control
mice as compared with intact control mice. However, these OVA-induced total cells (a) (left), total leukocytes (a) (right), lymphocytes (b)
(upper left), eosinophils (b) (lower left), and monocytes (b) (lower right) were significantly and dose-dependently decreased by oral
treatment with PS + CR 300 and 1,000 mg/kg, as being comparable to those of DEXA 3 mg/kg oral administration. Neutrophils of differential
counts were not changed in OVA control mice as compared to those of intact control or in DEXA, PS + CR 300, and PS + CR 1,000 mg/kg as
compared to those of OVA control mice (b) (upper right). Values are expressed as mean + SD of 10 mice, x10* cells/ml. PS = Pelargonium
sidoides; CR=Coptis Rhizoma; PS+CR=PS and CR 2:1 mixed formula; OVA =ovalbumin; DEXA =dexamethasone; BALF =-
bronchoalveolar lavage fluid. ®p < 0.01 as compared with intact control by LSD test. ®p < 0.01 as compared with OVA control by LSD test.
€p<0.01 as compared with intact control by MW test. 4p <0.01 as compared with OVA control by MW test.
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Figure 7: Continued.
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FIGURE 7: Cytokine levels in the BALF and lung with mRNA expressions in lungs. Significant increases of IL-4 and IL-5 contents were
detected in OV A control mice as compared with intact control mice. However, these OVA-induced IL-4 and IL-5 contents in BALF (a),
serum (b), and lung tissue (c) were significantly and dose-dependently decreased by oral treatment with PS + CR 300 and 1,000 mg/kg, as
being comparable to those of DEXA 3 mg/kg oral administration. Values are expressed as mean + SD of 10 mice. PS = Pelargonium sidoides;
CR = Coptis Rhizoma; PS+CR=PS and CR 2:1 mixed formula; OVA = ovalbumin; DEXA = dexamethasone; BALF = bronchoalveolar
lavage fluid; IL = interleukin; GAPDH = glyceraldehyde 3-phosphate dehydrogenase. p<0.01 and °p<0.05 as compared with intact
control by LSD test. ¢p < 0.01 as compared with OVA control by LSD test. ¢ p < 0.01 as compared with intact control by MW test. ¢p < 0.01 as

compared with OVA control by MW test.

The mean ASA in OVA control were changed by
-50.43% as compared with intact control but were changed
by 65.62, 31.58, and 63.15% in DEXA, PS+CR 300, and
PS + CR 1,000, respectively, as compared to those of OVA
control.

The mean alveolar septal thicknesses in OVA control
were changed by 822.16% as compared with intact control
but were changed by —63.25, —38.65, and —62.37% in DEXA,
PS + CR 300, and PS + CR 1,000, respectively, as compared to
those of OVA control mice.

The numbers of inflammatory cells infiltrated in alveolar
regions of OVA control were changed by 306.47% as
compared with intact control but were changed by -70.79,
—45.80, and —68.57% in DEXA, PS+ CR 300, and PS+CR
1,000, respectively, as compared to those of OVA control.

The numbers of eosinophils infiltrated into alveolar
regions of OVA control were changed by 1926.92% as
compared with intact control but were changed as —73.81,
—41.75, and -72.87% in DEXA, PS+ CR 300, and PS+CR
1,000, respectively, as compared to those of OVA control.
The numbers of mast cells infiltrated into alveolar regions of
OVA control were changed by 857.14% as compared with
intact control but were changed by -72.39, —47.01, and
—-71.64% in DEXA, PS+CR 300, and PS+ CR 1,000, re-
spectively, as compared to those of OVA control.

4. Discussion

In South Africa, the root of the PS is traditionally used to
treat respiratory and gastrointestinal infections, dysmen-
orrhea, and hepatic disorders [33, 34]. It has also been used
in tuberculosis, and its medicinal properties include

antibacterial, antifungal, antiviral, and immune modulatory
activities [13]. On the other hand, CR has been used to treat
gastroenteric disorders, cardiovascular diseases, fever, can-
cer, and liver injuries [35, 36]. Recent research has shown
that the root has pharmacological properties, such as an-
tioxidant, anticancer, and anti-inflammatory activities
[17, 18]. In particular, we previously reported that PS + CR
has potent anti-inflammatory activities, in vitro and in vivo
[19].

Here, we observed the possible beneficial antiasthma
effects of PS+ CR on the OVA-induced asthma C57BL/6]
mice. This finding gives us evidence that oral treatment with
PS + CR showed favorable effects on OVA-induced asthma
in C57BL/6] mice, through anti-inflammatory and anti-
allergic activities. Therefore, PS + CR have enough potential
as a new therapeutic agent or as an ingredient of medicinal
food for various allergic and inflammatory respiratory
diseases including asthma.

OVA-induced asthma model is a representative asthma
animal model that resembles human asthma [20, 21]. An
OVA-evoked asthma model using C57BL/6] mice is useful
to evaluate potential therapeutic candidates for asthma,
because several parameters are clearly increased by OVA if
evoked within three days after challenge. An OVA-evoked
asthmatic C57BL/6] mouse model is generally used to detect
the efficacy of the test articles on allergic asthma [20, 21]. As
a result of OVA sensitization and boosting, significant in-
creases of lung weights, total and differential cell counts of
leukocytes in BALF, serum OVA-sIgE levels, IL-4 and IL-5
levels in BALF and lung tissue homogenate, and IL-4 and IL-
5 mRNA levels in lung tissue homogenates were observed in
OVA control as compared to those of intact control. In
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FIGURE 8: Representative lung histological images, taken from intact or OVA-induced asthmatic mice. Noticeable sarcomatous asthmatic
changes, hyperplasia of mucous producing cells in bronchioles, thickening of alveolar septum, and infiltration of inflammatory cells, mast
cells, and eosinophils, were observed in OVA control mice lung tissues as compared to those of intact control mice. However, these OVA-
induced sarcomatous asthmatic histological changes were significantly and dose-dependently inhibited by oral treatment with PS + CR 300
and 1,000 mg/kg, as comparable to the effects of DEXA 3 mg/kg oral administration. PS = Pelargonium sidoides; CR = Coptis Rhizoma;
PS+ CR=PS and CR 2:1 mixed formula; OVA = ovalbumin; DEXA = dexamethasone; sB = secondary bronchus; pB = primary bronchiole;

TA =terminal respiratory bronchiole-alveoli. Scale bars =200 ym.

addition, OVA control showed a significant decrease of
mean ASA and increases of alveolar septal thickness,
numbers of inflammatory cells, mast cells, and eosinophils
infiltrated into alveolar regions as compared to intact
control.

Effects of PS+ CR were evaluated in lung weight, his-
tomorphometrical changes of airway systems with cytokine
changes, and cellular components (recruitment of eosin-
ophils and neutrophils) of BALF, lung, and/or peripheral
blood [20, 21]. Moreover, oral treatment with PS + CR (300
and 1,000 mg/kg) inhibited the classic OVA-induced al-
lergic and inflammatory asthmatic changes in a dose-de-
pendent manner, which is similar to previous findings
[37, 38]. Erythronium japonicum reduced the number of
WBC and the IgE level induced by OVA in the bron-
choalveolar fluid, and Perillae Fructus suppressed lung
weight, the number of inflammatory cells in the lung, and
BALF [37, 38].

The effect of PS + CR was compared with those of DEXA.
Itis well clarified that DEXA is a glucocorticoid that is widely
used as an anti-inflammatory control drug for developing
new antiasthmatic agents [20, 22], as potent alternative
antiasthmatic natural agents or functional foods. Like other
side effects commonly known in previous studies [20, 39],
significant decreases of body weights were observed from the
8th treatment day with DEXA 3 mg/kg as compared to those
of intact control and from the 15th treatment day as
compared to those of OVA control mice in this study. In
addition, the body weight gains during the 16 days of the
experimental period were also significantly decreased in
mice treated with DEXA 3 mg/kg and were less than those of
intact control and OV A control mice, respectively. However,
no significant changes in the body weights or gains were
detected in PS+ CR 300 or 1,000 as compared to those of
OVA control mice throughout the experimental period,
suggesting fewer side effects. Therefore, more detailed
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FiGure 9: Histomorphometrical analysis of lung tissues, taken from intact or OV A-induced asthmatic mice. Significant decrease of the mean
ASA was detected in OV A control mice as compared with intact control mice. However, the mean ASA of OVA-induced asthmatic mice (a)
was significantly increased by oral treatment with PS+CR 300 and 1,000 mg/kg, as being comparable to that of DEXA 3 mg/kg oral
administration. Significant increases of the mean alveolar septal thicknesses, infiltrated inflammatory cells, mast cells, and eosinophils
around the alveolar regions were detected in OVA control mice as compared with intact control mice. However, the mean alveolar septal
thicknesses (b), infiltrated inflammatory cells (c) (upper left), mast cells (c) (lower left), and eosinophils (c) (upper right) of OVA-induced
asthmatic mice were significantly and dose-dependently decreased by oral treatment with PS+CR 300 and 1,000 mg/kg, as being
comparable to those of DEXA 3 mg/kg oral administration. Values are expressed as mean + SD of 10 mice. PS = Pelargonium sidoides;
CR = Coptis Rhizoma; PS + CR = PS and CR 2:1 mixed formula; OVA = ovalbumin; DEXA = dexamethasone; ASA = alveolar surface area.
3p<0.01 and *p <0.05 as compared with intact control by LSD test. *p < 0.01 as compared with OVA control by LSD test. ¢p <0.01 as
compared with intact control by MW test. ¢p <0.01 as compared with OVA control by MW test.
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mechanical studies (i.e., transforming growth factors and
mitogen-activated protein kinases) and more plentiful in
vivo studies should be tested in future [40, 41].

Challenge with OVA induced significant airways ar-
chitectural and physiological changes [27]. Biochemically,
lung weight index, that is, relative weight to body weight, is
considered a good marker of vascular permeability and
edema [42]. Mice challenged with OVA showed elevated
microvascular leakage, resulting in increased lung edema
and related increases of lung weights [43, 44]. In this study,
marked enlargement of lung-edematous changes and related
significant increases of lung absolute wet and relative
weights were detected in OVA, which are inhibited by oral
treatment with PS+CR (300 and 1,000 mg/kg). These
findings are clear evidence that PS+CR showed the in-
hibitory effects on OVA-induced lung edema and related
increases of lung index, through reduction of microvascular
leakage mediated by anti-inflammatory activity, as being
comparable to those of DEXA (3 mg/kg).

OVA challenge led to a significant elevation in the
number of total white blood cells, lymphocytes, monocytes,
and eosinophils in BALF, confirming the previous study in
which OVA induced significant elevation of cell counts in
BALF mice [20, 27]. The current results showed that OV A-
induced increases of BALF total cells, total
leukocytes, lymphocytes, eosinophils, and monocytes were
significantly and dose-dependently inhibited by oral treat-
ment with PS+ CR (300 and 1,000 mg/kg), as being com-
parable to the effects of DEXA (3mg/kg), as anti-
inflammatory activity that mediates antiasthmatic effects.

Allergic asthma is a chronic airway inflammation dis-
ease, and high serum levels of IgE, persistent airway
hyperresponsiveness, and goblet-cell hyperplasia are ob-
served [3]. In animal models, OVA challenges induced a
significant increase in the total serum IgE and BALF IgE
[3, 20, 45]. Our data showed that the serum concentration of
OVA-sIgE was significantly reduced in allergic mice after
treatment with PS+ CR (300 and 1,000 mg/kg), as is com-
parable to the effects of DEXA (3 mg/kg) administration.
This result suggests that PS + CR affects the allergic asthma
that developed in an IgE-dependent manner, as being
comparable to DEXA (3 mg/kg) at an oral dose level of
1,000 mg/kg.

Th2 cytokines play an essential role in the pathogenesis
of allergic airway inflammation [3, 46]. IL-4 has important
roles in allergic inflammation and airway remodeling [8]. IL-
5 is the most specific to eosinophils and is responsible for
eosinophil growth, differentiation, mobilization, recruit-
ment, activation, and survival [10, 47]. In the present ELISA
and quantitative RT-PCR analysis, significant increases
of BALF and lung IL-4 and IL-5 contents were detected in
OVA control as compared to intact control. In addition,
upregulation of IL-4 and IL-5 mRNA in lung tissue ho-
mogenates was also demonstrated in OVA control as
compared to intact control. However, such OVA-induced
upregulation of IL-4 and IL-5 mRNA expressions and re-
lated elevations in the BALF and lungs were significantly and
dose-dependently inhibited by oral treatment with PS + CR
(300 and 1,000 mg/kg), as being comparable to the results of
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DEXA (3mg/kg) administration, at least in this study.
Therefore, the inhibition of asthmatic symptoms by PS + CR
may be associated with the reduction of IL-4 and IL-5
production and the eosinophilia aggregation into the lungs,
as comparable to DEXA (3 mg/kg), at oral dose level of
1,000 mg/kg, once again.

The main pathological changes that highlight asthma are
mucus overproduction, airway obstruction, and increased
infiltration of inflammatory cells, including mast cells, eo-
sinophils, and lymphocytes [48]. Histopathologically,
marked sarcomatous changes, hyperplasia of mucous pro-
ducing cells in bronchioles, thickening of alveolar septum,
and infiltration of inflammatory cells, mast cells, and eo-
sinophils, were observed in OVA-challenged mouse lung
tissues [20, 21, 27] and also in our OVA control mice. The
ASA (%/mm?) reflected the pulmonary functions, gas ex-
change capacities, and decreases of ASA indicated a re-
duction of the lung gas exchange surface, that is, the
decreases of lung capacities in various lung diseases, in-
cluding asthma [20, 28]. Our data showed that the histo-
pathological ~sarcomatous changes were significantly
reduced in allergic mice after PS+ CR 300 and 1,000 mg/kg
oral administration, constantly as comparable to those of
DEXA (3mg/kg) administration. These findings are direct
evidence that PS + CR (300 and 1,000 mg/kg) showed dose-
dependent favorable inhibitory effects on OVA-induced
asthma in C57BL/6] mice, perhaps through anti-inflam-
matory and antiallergic activities, as comparable to those of
DEXA (3 mg/kg) administration.

5. Conclusion

In the present analysis, significant increases of lung weights,
total and differential cell counts of leukocytes in BALF,
serum OVA-sIgE levels, and IL-4 and IL-5 levels were ob-
served in OV A control as compared to those of intact vehicle
control. In addition, OVA control showed significant de-
creases of mean ASA and increases of alveolar septal
thickness and numbers of inflammatory cell, mast cell, and
eosinophils infiltrated into alveolar regions as compared to
those of intact control. These results represent classic OVA-
induced allergic and inflammatory asthmatic changes.
However, these OVA-induced allergic and inflammatory
asthmatic changes were significantly inhibited by oral
treatment with PS+CR in a dose-dependent manner, as
compared to DEXA (3 mg/kg). These findings are definitive
evidence that PS+ CR showed dose-dependent favorable
effects on OVA-induced asthma in C57BL/6] mice, through
anti-inflammatory and antiallergic activities. Therefore,
PS+ CR have potential as a new therapeutic agent or in-
gredient of medicinal food for various allergic and in-
flammatory respiratory diseases, including asthma.
However, more detailed mechanical studies and more
plentiful in vivo studies should be tested in future.
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