
Herbal medicine treatment reduces inflammation in a murine
model of cockroach allergen–induced asthma

Jiyoun Kim, PhD*, Sudha Natarajan, PhD*, Hyunsu Bae, MD, PhD†, Sung-Ki Jung, MD,
PhD†, William Cruikshank, PhD‡, and Daniel G. Remick, MD*

*Department of Pathology and Laboratory Medicine, Boston University School of Medicine,
Boston, Massachusetts
†Department of Internal Medicine and Department of Physiology, College of Oriental Medicine,
Kyunghee University, Seoul, Korea
‡Pulmonary Center, Boston University School of Medicine, Boston, Massachusetts

Abstract
Background—Asthma is a significant disease among children, and its prevalence has increased
notably during the last 2 decades. A traditional Korean medicine, So-Cheong-Ryong-Tang
(SCRT), has been used for the treatment of asthma in Asia for centuries, but its mechanism for
reducing bronchopulmonary inflammation in asthma has yet to be elucidated.

Objective—To investigate whether the herbal extract SCRT inhibits inflammation in a mouse
model of cockroach allergen–induced asthma.

Methods—A house dust extract containing endotoxin and cockroach allergens was used for
immunization and 2 additional pulmonary challenges in BALB/c mice. Mice were treated with
SCRT or vehicle 1 hour before each pulmonary challenge. Respiratory parameters were evaluated
by whole-body plethysmography and forced oscillation methods 24 hours after the last challenge.
Bronchoalveolar lavage (BAL) fluid was collected, and histologic sections of lung were prepared
either 4 or 24 hours after the last house dust extract challenge.

Results—SCRT treatment significantly reduced the hyperreactivity of the airways as measured
by whole-body plethysmography and direct measurement of airway resistance. Inflammation was
significantly inhibited by SCRT treatment as demonstrated by reduced plasma IgE levels and
improved pulmonary histologic characteristics. SCRT significantly reduced the number of
neutrophils in the BAL fluid and also significantly reduced the BAL levels of CXC chemokines,
providing a potential mechanism for the reduced inflammation. In a similar fashion, SCRT
reduced eosinophil recruitment and BAL levels of eotaxin and RANTES.

Conclusion—These data indicate that SCRT treatment alleviates asthma-like pulmonary
inflammation via suppression of specific chemokines.

INTRODUCTION
Asthma is a unique form of chronic respiratory disease characterized by reversible airways
obstruction and substantial pulmonary inflammation.1 It represents one of the most common
chronic inflammatory diseases, affecting an estimated 300 million people worldwide with an
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expected significant increase to 400 million by 2025.2 The sharply increasing prevalence
and incidence of asthma causes global concern in both developing and developed
countries.3,4

Conventional remedies, including corticosteroids and β2-agonists, are effective in managing
asthma symptoms. However, the concerns regarding the adverse effects of current remedies
due to long-term use and the lack of curative therapy lead asthma patients in the Western
world to seek complementary and alternative medicine (CAM) treatments.5 In Europe, 30%
of allergy patients use CAM.6 In the United States, the number of asthma patients using
CAM has increased significantly from 34% in 19907 to 42% in 2001.8 Herbal treatment is
the most common form of CAM used by asthma patients and the general public.8 Despite
the substantial gain in the popularity of CAM to treat asthma, few studies have reported on
either the clinical efficacy or how CAM remedy mechanisms, including herbal treatment,
reduce inflammation.5,9

A Korean herbal medicine, So-Cheong-Ryong-Tang (SCRT, also known as Xiao-Qing-
Long-Tang in traditional Chinese medicine and as Sho-seiryu-to in Japanese Kampo
medicine), has long been prescribed for the treatment of allergic diseases in Korea, China,
and Japan. During the past decades, studies have demonstrated the potential efficacy of
SCRT in asthma in vivo,10–13 in vitro,12 and in clinical studies.14 In vitro, SCRT corrects
the TH2-dominant pathologic disorder by suppressing TH2 cell development via reduction of
interleukin (IL)-4 expression and promoting TH1 cell development through increasing
interferon-γ expression in mice.12 SCRT treatment reduced airway and pulmonary
infiltration of eosinophils induced by allergen challenge in guinea pigs10 and mite-sensitized
mice,15 although the mechanisms were not described. In vitro studies showed that SCRT
reduces the release of histamine,16 leukotrienes from mast cells,17 and tumor necrosis factor
α (TNF-α) from peripheral mononuclear cells.18 These previous reports did not identify the
in vivo mechanisms of how SCRT reduces the pulmonary inflammation of an asthmatic
response.

To elucidate the mechanism of how SCRT modulates the allergic response, we evaluated the
immunomodulatory effects of SCRT in a murine model of asthma induced by a house dust
extract (HDE) containing cockroach allergens and endotoxin. In this study, multiple aspects
of pulmonary inflammation were examined, including the production of inflammatory
mediators and the pulmonary recruitment of inflammatory cells.

METHODS
Mice

Female BALB/c mice (18–20 g) were obtained from Jackson Labs (Bar Harbor, Maine) and
maintained under standard laboratory conditions. The mice were housed in a temperature-
controlled room (22°C) with a 12-hour dark/light cycle and provided food and water allowed
ad libitum. All experiments were approved by the Boston University or the University of
Michigan Animal Use Committee.

Experiment Design
The household dust preparation and induction of asthma were performed as reported
previously.19 Briefly, collected house dust was resuspended with phosphate-buffered saline
(PBS) and assayed for 9 allergens by enzyme-linked immunosorbent assay (ELISA). Our
HDE contained high concentrations of cockroach allergens (378 U/mL of Bla g1 and 6,249
ng/mL of Bla g2), low levels of other allergens, and 270 pg/mL of endotoxin. Mice were
sensitized with an intraperitoneal injection of a 1:1 mixture of HDE and an adjuvant
(TiterMax Gold; CytRx, Norcross, Georgia) on day 0 and received pulmonary challenges on
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days 14 and 21 via hypopharyngeal administrations. Immunized mice were treated with 2.0
g/kg of SCRT by gastric gavage 1 hour before each pulmonary challenge on days 14 and 21.
Control mice received 0.1 mL of PBS.

Preparation of SCRT and Quality Control
SCRT, which contains 8 species of medicinal plants, was prepared and analyzed as
described previously.11,20 The types and amounts of standard materials for quantitative
analysis of each species of herb in SCRT are listed in Table 1.

Measurement of Respiratory Functions
Airway hyperresponsiveness (AHR) was measured 24 hours after the final allergen
challenge via whole-body plethysmography (Buxco, Troy, New York) in response to
increasing doses of aerosolized acetyl β-methacholine (Sigma, St. Louis, Missouri) in
unrestrained and conscious mice as previously reported.21

In a separate group of mice, airway resistance was measured by a forced oscillation
technique22 with a FlexiVent instrument (Scireq Scientific Respiratory Equipment,
Montreal, Quebec, Canada). Mice were anesthetized with an intraperitoneal injection of 1:5
diluted pentobarbital (Nembutal, 0.016 mL per gram of body weight Ovation
Pharmaceutical, Deerfield, Illinois) combined with the paralytic pancuronium (Sigma) at 0.5
mg per gram of body weight. Once adequate surgical sedation was established, determined
by a firm squeeze of the foot pad, a tracheotomy was performed with insertion of an 18-g
polyethylene cannula into the distal trachea. The mouse was then placed on the FlexiVent
mechanical ventilator (Scireq) and ventilated at breaths per minute with positive-end
expiratory pressure set at 3 cm H2O. Measurement of airway resistance in response to
increasing concentrations of aerosolized methacholine was obtained through periodic,
computer-generated, “snapshot 150,” forced-maneuver interruptions in ventilation. Data are
then presented as resistance change from baseline (in centimeters of water per milliliter per
second).

Sample Collection
Blood was collected from the retro-orbital venous plexus into tubes containing 169mM
tripotassium EDTA (Sigma) before the mice were sacrificed. Bronchoalveolar lavage (BAL)
was collected through the trachea after intubation as previously reported.19 Differential
counting was performed by counting 300 Diff-Quick (Baxter, Detroit, Michigan) stained
cells. After the BAL fluid was collected, the right lung was removed and processed for the
myeloperoxidase assay as described in our previous publication.23

Histopathologic Analysis
Immediately after collecting the BAL, the left lung was removed and processed for routine
histologic analysis. Hematoxylin-eosin–stained tissue sections were examined by a board-
certified pathologist (D.G.R.). The severity of the inflammation in the perivascular and
peribronchial area in the lung was scored on a scale of 0 (no inflammation) to 4 (severe
inflammation). All slides were scored in a masked manner.

Cytokine and Chemokine Analysis
All chemokine, cytokine, and IgE measurements were performed simultaneously to reduce
errors due to interassay variation. The concentrations of all chemokines and cytokines were
measured by ELISA using matched antibody pairs (R&D Systems Inc, Minneapolis,
Minnesota) as previously described.24 IgE in blood and BAL were also measured by
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ELISA23 using antibody pairs purchased from Bethyl Laboratories Inc (Montgomery,
Texas).

Statistical Analyses
The mean (SEM) was used for summary statistics in all figures. Differences between all
treatments groups were compared by unpaired t test or 1-way analysis of variance with the
Turkey posttest using GraphPad Prism, version 5.0 (GraphPad Software, San Diego,
California). Statistical significance was achieved when P ≤ .05 at the 95% confidence
interval.

RESULTS
SCRT Reduces AHR

AHR was significantly reduced by SCRT treatment as measured by either whole-body
plethysmography or forced oscillation. AHR was evaluated by measuring enhanced pause
(Penh) in response to nebulized methacholine. Bronchopulmonary hyperresponsiveness was
significantly reduced in SCRT-treated mice when compared with vehicle-treated (PBS) mice
(Fig 1A). To verify the unrestrained whole-body plethysmography data, which are not
considered authoritative,22,25–27 the result was verified by the forced oscillation technique to
directly assess airways resistance. SCRT treatment significantly reduced the airway
resistance when compared with PBS treatment (Fig 1B).

SCRT Decreases Plasma and BAL IgE Concentrations
Cross-linking of allergen specific IgE antibodies on the surface of mast cells causes
degranulation and subsequent AHR.28 To investigate the systemic effects of oral
administration of SCRT, IgE levels were measured in blood and BAL because elevated
expression of IgE is a key characteristic of the systemic asthmatic response. Plasma levels of
IgE (Fig 2A) and IgE levels in the BAL (Fig 2B) were significantly decreased in SCRT-
treated mice in both the early (4 hours) and late (24 hours) responses. As expected, the
plasma levels of IgE were much greater than those in the BAL.

SCRT Modulation of Pulmonary Infiltration of Inflammatory Cells and Expression of
Mediators

The effects of oral administration of SCRT on the pulmonary infiltration of inflammatory
cells and inflammatory mediators were examined. SCRT treatment resulted in a significant
reduction of the pulmonary inflammation as determined by histologic examination of lung
tissue (Fig 3). PBS-treated mice (Fig 3A) showed substantial infiltration of inflammatory
cells that included lymphocytes and eosinophils. These cells were located in both the
peribronchial and perivascular spaces. The pulmonary infiltration of inflammatory cells was
reduced by SCRT treatment (Fig 3B). The pulmonary findings were scored in a masked
manner, and SCRT significantly reduced the pulmonary inflammation induced by the
cockroach allergens (Fig 3C).

The effects of SCRT treatment on the pulmonary inflammatory response was further
investigated by measuring the expression of inflammatory mediators in the BAL fluid.
Because both IL-13 and TNF have been implicated as critical components of the asthmatic
inflammatory response, we examined whether the improved pulmonary histologic findings
could be due to reduced levels of these cytokines. The pulmonary expression of
proinflammatory cytokines, TNF-α, and IL-13 were measured by ELISA (Fig 4). IL-13
expression was immediately increased after the last pulmonary challenge and remained
elevated for 24 hours. The TNF-α concentration in the BAL fluid significantly increased
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with HDE challenge and sharply declined by 24 hours. Although both these cytokines were
elevated, the expression of these 2 cytokines was not decreased by SCRT treatment (Fig 4).

We then examined the infiltration of inflammatory cells in BAL fluid by measuring the total
number of cells within the BAL fluid, as well as the types of cells present. As previous work
in this model showed,19 the number of total cells infiltrated into airway sharply increases
within 4 hours after the HDE challenge and remained substantially elevated 24 hours after
the last HDE challenge (Fig 5A). The total number of cells recovered in the BAL was
significantly decreased by SCRT treatment 4 and 24 hours after the last allergen challenge
(Fig 5A). As anticipated, the number of lymphocytes recruited to the airspaces increased
between 4 and 24 hours after the HDE challenge (Fig 5B). The SCRT treatment significantly
reduced the number of lymphocytes in the BAL fluid 24 hours after the last HDE challenge
(Fig 5B). The number of macrophages remained similar between the early and the late
responses and was not changed with SCRT treatment (Fig 5C).

SCRT-Treatment Reduced Pulmonary Polymorphonuclear Leukocytes and CXC
Chemokines

Pulmonary recruitment of neutrophils occurs as an early event in the asthmatic response,
which may persist to later time points.19 Four hours after the last pulmonary challenge, the
numbers of neutrophils in the BAL was markedly decreased in SCRT-treated mice, and this
substantial reduction of inflammatory cells in the lung lavage was still present when mice
were killed 24 hours after the last pulmonary challenge (Fig 6A). The effect of SCRT
treatment on the pulmonary recruitment of neutrophils was further evaluated by
measurement of pulmonary myeloperoxidase activity in the lung (Fig 6B). Myeloperoxidase
activities were measured on the lungs after lavage, and the data represent the neutrophils
sequestered within the interstitial space. Despite a reduction in the number of neutrophils
recruited into the alveolar space (Fig 6A), SCRT did not decrease the number of
polymorphonuclear leukocytes (PMNs) sequestered within the lung (Fig 6B).

We sought to determine the mechanism of reduced PMN recruitment into the lavage fluid
even when the cells were still sequestered within the lung. Because CXC chemokines, such
as keratinocyte-derived chemokine and macrophage inflammatory protein 2 (MIP-2), recruit
neutrophils to sites of inflammation, we examined whether SCRT would decrease BAL
levels of these mediators. Compared with the PBS-treated mice, SCRT-treated mice had
significantly reduced concentrations of the chemokines at both 4 and 24 hours after the last
challenge (Fig 6C and D). The total combined reduction of the BAL chemokines was
thousands of picograms per milliliter, which would substantially reduce the chemotactic
gradient into the lung.29

Reduced Airway Eosinophils Infiltration and CC Chemokines
Although neutrophils are important in the asthmatic response, eosinophils represent the
signature cell of asthma30 and typically arrive at a later time point.19 Eosinophil recruitment
and the expression of eosinophil-recruiting chemokines within the lung tissue were
investigated (Fig 7A). As previously reported, the number of eosinophils in BAL fluid was
slightly increased within 4 hours after the HDE challenge, with substantially greater
numbers of eosinophils recruited into the lung 24 hours after the last HDE challenge. Even
at the early time point (4 hours after the last pulmonary challenge), the numbers of
eosinophils in the BAL was significantly decreased with SCRT treatment. More substantial
reduction of inflammatory cells in the lung lavage was demonstrated when mice were killed
24 hours after the last pulmonary challenge (Fig 7A).
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Similar to the mechanisms of neutrophil recruitment, there are chemotactic mediators
responsible for the recruitment of eosinophils. Eotaxin and RANTES are considered to be
the most important eosinophil-selective chemoattractant chemokines.30,31 Eotaxin in BAL
fluid was clearly present 4 hours after the last challenge and remained elevated 24 hours
after the last pulmonary challenge (Fig 7B). At 4 hours, the eotaxin level in the BAL fluid
was significantly reduced by SCRT treatment. Pulmonary expression of RANTES also
present after the last HDE challenge (Fig 7C). Significantly lower levels of RANTES were
expressed in the BAL of SCRT-treated mice in both the early (4 hours) and late (24 hours)
responses. As we indicated with the CXC chemokines and neutrophil infiltration, our data
demonstrate that pulmonary infiltration of eosinophils is preceded by the expression of the
CC chemokines eotaxin and RANTES in the lung. SCRT treatment reduced the expression
of chemokines in the airways, providing a plausible mechanism for the significant reduction
in eosinophil recruitment.

DISCUSSION
In the present study, we hypothesized that SCRT treatment would reduce pulmonary
inflammation and that the mechanism of the suppressed inflammatory cell recruitment
would be due to decreased production of chemotactic factors. We demonstrated that oral
feeding of SCRT 1 hour before each intratracheal allergen challenge substantially decreased
AHR, pulmonary infiltration of neutrophils and eosinophils, and airway expression of CXC
chemokines, including KC and MIP-2, and CC chemokines, including eotaxin and
RANTES, when compared with PBS-treated mice. Our data demonstrated that the
mechanism of suppressed asthma-like pulmonary inflammation by SCRT probably occurred
through the decreased pulmonary expression of CXC and CC chemokines. Our results
suggest that the suppression of pulmonary inflammation by SCRT treatment is restricted to
discrete aspects of the inflammatory response. The number of eosinophils and neutrophils
were reduced significantly in both early and late asthmatic responses, whereas the number of
macrophages remained unaffected. This selected suppression of inflammation may be
compared with our previous study32 and other studies using dexamethasone.33 This previous
study using the same mouse model of asthma demonstrated that dexamethasone treatment
induced a nonspecific immunosuppression, including a substantial reduction of the number
of macrophages and eosinophils and neutrophils in the airway after allergen challenge.32

Recent studies showed that dexamethasone treatment decreased the pulmonary inflammation
via the suppression of a broad spectrum of proinflammatory mediators at the messenger
RNA33 and protein level34 in a mouse model of asthma induced by ovalbumin. In addition
to selected suppression of inflammatory mediators and cells, SCRT treatment decreased the
concentration of allergen specific IgE, in agreement with previous reports that demonstrated
a significant reduction of ovalbumin specific IgE in BAL13 and plasma12 by SCRT
treatment in an ovalbumin-sensitized allergic inflammation model.

SCRT-induced downregulation of pulmonary eosinophilia via reduced CC chemokines has
been previously reported and also agrees with our findings. Kao at al reported significant
reduction of airway expression of eotaxin followed by decreased eosinophil recruitment in
SCRT-treated mice15 and guinea pigs.10 As one of the most efficient eosinophil recruiting
chemokines, eotaxin plays a critical role in the development of allergic pulmonary
inflammation35. The number of pulmonary infiltrating eosinophils correlates with the
concentration of eotaxin expressed in airway.30 In our previous study19 the number of
pulmonary eosinophils in response to cockroach allergen challenge was substantially
reduced by antibody neutralization of eotaxin. This result was verified by other
investigators,36 suggesting that this chemokine plays an important role in pulmonary
recruitment of eosinophils. In addition, the coexpression of RANTES with other
chemokines, including eotaxin 1 and eotaxin 2, has been reported to regulate the pulmonary
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recruitment of eosinophils in the airways of asthmatic children.37 These CC chemokines
regulate pulmonary recruitment of eosinophils through the CCR3 receptor, which is
upregulated on eosinophils.38

In addition to pulmonary eosinophilia, neutrophils also infiltrate into airway in murine
models of asthma.19,39,40 The CXC chemokines KC and MIP-2 are considered the hallmark
neutrophil chemoattractants released in the lung in many animal models of airway
inflammation.23,41 Neutralization of KC and MIP-2 by antibody administration in a mouse
model significantly reduced the number of airway neutrophils when compared with the mice
treated with control antibody.23

Although the active compound(s) exerting the anti-inflammatory effects of the SCRT have
not been identified, several substances found in the herbal components of SCRT have shown
various immunomodulatory effects. Schizandrae Fructus extract treatment of lung epithelial
cells reduced eotaxin expression and eosinophil recruitment.42 Paeoniflorin, one of the
major bioactive components of the peony, has demonstrated various pharmacologic
activities, including the suppression of inflammatory mediators, such as TNF-α.43,44 It
exhibits an antiallergic response in rats via inhibition of mast cell degranulation.45 Pinellic
acid from another herbal component of SCRT, Pinellia ternata, also showed antiallergic
activities, including reduced allergen specific IgE concentrations in the BAL from sensitized
mice.13 Glycyrrhizin is one of the major bioactive components of licorice root (Glycyrrhiza
glabra) and has multiple pharmacologic activities.46 Glycyrrhizin treatment alleviates the
asthmatic features in mice, including inhibition of AHR, suppression of pulmonary
eosinophilia, and reduction of allergen specific IgE expression in an allergic asthma model
of mouse.47

Taken together, our data indicate that the SCRT treatment alleviates the asthma-like
pulmonary inflammation via suppression of the cell-specific chemoattractants, with
subsequent reduction of the number of BAL neutrophils and eosinophils in our mouse model
of asthma. Our data provide mechanistic insights to further our understanding of the basic
biology of how herbal medicines work and permit the use of CAM in combination with
conventional therapies to achieve the best clinical outcome.
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Figure 1.
Herbal extract (So-Cheong-Ryong-Tang [SCRT]) treatment significantly improves
pulmonary respiratory parameters. Penh (A) and resistance (R) (B) were measured in SCRT-
and phosphate-buffered saline (PBS)–treated mice 24 hours after final house dust extract
challenge via whole-body plethysmography or forced oscillation technique, respectively.
Groups of mice received 2 treatments of SCRT or PBS on days 14 and 21, 1 hour before
house dust extract challenge. Data are represented as mean ± SEM (n = 12 mice per group
for Fig 1A and n = 3–4 per group for Fig 1B). Statistically significant differences were
analyzed by using 1-way analysis of variance. *P ≤ .05, **P ≤ .01 and ***P ≤ .001 when
compared with the PBS-treated group. MCh, methacholine.
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Figure 2.
Reduced IgE antibody levels in bronchoalveolar lavage (BAL) and blood by So-Cheong-
Ryong-Tang (SCRT) treatment. A, IgE concentrations in plasma of SCRT- or phosphate-
buffered saline (PBS)–treated mice; B, IgE levels in BAL fluid. Plasma and BAL fluid were
collected at 4 or 24 hours after final allergen challenge and IgE levels measured by enzyme-
linked immunosorbent assay. Data are represented as mean ± SEM (n = 4–8 mice per
group). Differences between the 2 groups were analyzed by the unpaired t test. *P ≤ .05
compared with PBS-treated mice.
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Figure 3.
Pulmonary histologic analysis from mice treated with So-Cheong-Ryong-Tang (SCRT) or
phosphate-buffered saline (PBS). Lungs were harvested 24 hours after the last pulmonary
challenge and after bronchoalveolar lavage fluid was collected. (A) Representative
hematoxylineosin (HE)–stained image from a PBS-treated mouse with a marked
peribronchial and perivascular infiltration of eosinophils and lymphocytes. (B)
Representative HE histologic image from SCRT-treated mouse with reduced inflammation.
Both pictures are in the same magnification (×100). (C) HE-stained tissue sections were
scored on a scale of 0 (no inflammation) to 4 (severe inflammation). All slides were scored
in a masked manner. Values represent mean ± SEM with 10 to 12 mice in each group.
Differences between the 2 groups were analyzed by the unpaired t test. *P ≤ .05 when
compared with PBS-treated mice.
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Figure 4.
Bronchoalveolar lavage (BAL) levels of cytokines, interleukin 13 (IL-13) (A), and tumor
necrosis factor α (TNF-α) (B). Mice were treated with So-Cheong-Ryong-Tang (SCRT)
(2.0 g/kg) or phosphate-buffered saline (PBS) by gastric lavage 1 hour before each
pulmonary challenge. BAL levels were determined 4 or 24 hours after the last intratracheal
challenge. Differences between the 2 groups were analyzed by the unpaired t test. Values
represent mean ± SEM with 10 to 12 mice in each group.
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Figure 5.
So-Cheong-Ryong-Tang (SCRT) treatment decreases bronchoalveolar lavage (BAL) total
cell (A) and lymphocyte (B) infiltrated into airway without altering macrophages (C). Mice
were treated with SCRT (2.0 g/kg) or phosphate-buffered saline (PBS) by gastric gavage 1
hour before each pulmonary challenge and BAL cells determined 4 or 24 hours after the last
intratracheal challenge. Values represent mean ± SEM with 10 to 12 mice for each group.
Differences between the 2 groups were analyzed by the unpaired t test. *P ≤ .05, **P ≤ .01,
or ***P ≤ .001 when compared with PBS-treated mice.
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Figure 6.
So-Cheong-Ryong-Tang (SCRT) treatment decreases neutrophil recruitment and neutrophil
chemotactic factors. BALB/c mice were treated with SCRT (2.0 g/kg) or phosphate-buffered
saline (PBS) by gastric gavage 1 hour before each pulmonary challenge and bronchoalveolar
lavage (BAL) cells determined 4 or 24 hours after the last intratracheal challenge. The
recruitment of polymorphonuclear leukocytes (PMNs) into the bronchoalveolar space was
reduced by SCRT (A) without a significant reduction in the number of sequestered
neutrophils measured by myeloperoxidase (MPO) (B). The CXC chemokine KC (C) and
macrophage inflammatory protein 2 (MIP-2) (D) were significantly reduced. Values
represent mean ± SEM with 10 to 12 mice in each group. Differences between the 2 groups
were analyzed by the unpaired t test. *P ≤ .05, **P ≤ .01 when compared with PBS-treated
mice.
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Figure 7.
So-Cheong-Ryong-Tang (SCRT) treatment decreases bronchoalveolar lavage (BAL)
eosinophil infiltration (A) and airway expression of the eosinophil-attracting CC
chemokines eotaxin (B) and RANTES (C). Mice were treated with SCRT (2.0 g/kg) or
phosphate-buffered saline (PBS) by gastric gavage 1 hour before each pulmonary challenge
and BAL cells determined 4 or 24 hours after the last intratracheal challenge. Values
represent mean (SEM) with 10 to 12 mice in each group. Differences between 2 groups were
analyzed by the unpaired t test. *P ≤ .05, **P ≤ .01, or ***P ≤ .001 when compared with
PBS-treated mice.
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Table 1

Contents of SCRT and the Amounts of Standard Materials in SCRT Extract Mixture

Herbal medicines Raw material amount, g (%) Standard materials Standard material amount, mg/1 g of extract

Ephedrae Herba 6.0 (15) NA NA

Paeoniae Radix Alba 6.0 (15) Paeoniflorin 34.42 ± 1.367

Schizandrae Fructus 6.0 (15) Schizandrin 2.39 ± 0.010

Pinelliae Rhizoma 6.0 (15) Homogentistic acid 17.07 ± 0.318

Asari Herba Cum Radice 4.0 (10) α-Asarone 0.18 ± 0.029

Zingiberis Rhizoma 4.0 (10) 6-Gingerol 2.11 ± 0.251

Cinnamomi Ramulus 4.0 (10) Cinnamaldehyde 1.84 ± 0.438

Glycyrrhizae Radix 4.0 (10) Glycyrrhizic acid 15.39 ± 0.283

Abbreviations: NA, not assayed; SCRT, So-Cheong-Ryong-Tang.
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