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ARTICLE INFO ABSTRACT

Antrodia camphorata mycelium is used in traditional Chinese medicine in Taiwan. The wild-type mycelium is rare
and expensive, so a solid-state-cultured mycelium of A. camphorata (SCMAC) has been developed. Previous
studies have found SCMAC to have anti-inflammatory effects. However, the immunomodulatory effects of
SCMAC and of its active phytosterol compounds EK100 and 9A on asthma remain unknown. In this study, BALB/
¢ mice were repeatedly exposed to Dermatogoides pteronyssinus (Der p) at 1-week intervals and were orally
administered crude SCMAC extract before the Der p challenge. The mice were sacrificed 72h after the last
challenge to examine the airway remodeling, inflammation, and expression profiles of cytokines and various
genes. Then, 30-ug/mL Der p-stimulated MH-S cells with 9A or EK100 were collected for real-time PCR analysis,
and the effects of 9A and EK100 on macrophages were evaluated. The crude extract reduced Der p-induced
airway hyperresponsiveness, total serum immunoglobulin E levels, and recruitment of inflammatory cells to the
bronchoalveolar lavage fluid through cytokine downregulation and Th1/Th2/Th17 response modulation.
Additionally, 9A and EK100 inhibited IL-1f3 and IL-6 expression in alveolar macrophages. These results indicate
that the pharmacologically active compounds in a crude SCMAC extract exert synergistic effects on multiple
targets to relieve asthma symptoms.
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1. Introduction A previous report demonstrated that up to 30% of adults and 60% of
children with asthma use some form of complementary and alternative
medicine to treat asthma [6]. Moreover, a series of publications have

reported on the therapeutic mechanisms of the traditional Chinese

Asthma is a major global public health problem that has increased
in prevalence and severity in recent years [1]. Currently, as many as

5-10% of the population in developed countries has asthma, the
treatment of which incurs a heavy socioeconomic burden [2].

The first-line treatment for persistent asthma is inhaled corticos-
teroid therapy, although other medications such as leukotriene receptor
antagonists, anti-immunoglobulin (Ig) E, and antihistamines may also
be used [3]. However, some patients who use inhaled corticosteroids
continue to be symptomatic and in some cases develop serious side
effects [4]. Various other medications exist, but they provide only
temporary relief of inflammatory symptoms and cannot replace inhaled
corticosteroids [5]. Thus, more effective therapies are urgently re-
quired.

medicines that have been found to be useful for treating allergic asthma
[7]. One such agent, the mycelium of Antrodia camphorata, exerts im-
munomodulatory, anti-inflammatory, and antioxidant effects and has
commonly been used in Taiwan to treat liver diseases, hypertension,
and cancer [8]. However, the wild fruiting body of A. camphorata grows
slowly and is expensive because the demand far exceeds the available
supply [9]. Accordingly, a solid-state-cultured mycelium of A. cam-
phorata (SCMAC) was developed and is commercially available from
local companies [9]. SCMAC has similar anti-inflammatory effects as
those of the wild fruiting body [10]. Moreover, it contains many sec-
ondary metabolites, such as lignans, sesquiterpenes, and phytosterols
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[11]. Numerous reports have demonstrated the anti-inflammatory ef-
fects of phytosterols, which reduce the levels of proinflammatory cy-
tokines in animals and humans [12]. However, no study has evaluated
the immunomodulatory effects of SCMAC and its active phytosterol
compounds on asthma.

Various pathophysiological mechanisms underlie the clinical pre-
sentation of asthma, including high serum IgE levels, airway hyperre-
sponsiveness (AHR), eosinophilic recruitment, and airway inflamma-
tion and remodeling [13]. Furthermore, chronic allergic asthma is
associated with the inappropriate secretion of cytokines from the Thl/
Th2/Th17 cells and subsequent immune responses [14]. A fundamental
feature of these cytokines and chemokines is their ability to direct
immune cell trafficking, and MCP-1 recruits alveolar macrophages,
together with resident cells, to form the first line of defense against
infectious challenges in the lungs [15,16]. Alveolar macrophages can
direct interactions with inhaled allergens and rapidly regulate the
production of the proinflammatory cytokines IL-13 and IL-6 [15].

Currently, more than 85% of asthma patients have been sensitized
to allergens derived from Dermatogoides pteronyssinus (Der p), the house
dust mite. This study determined the immunomodulatory effects of a
crude extract of SCMAC on a Der p-induced mouse model of chronic
asthma and of the active phytosterol compounds EK100 and 9A on
macrophages. In addition, this study examined whether the asthma
prophylactic efficacy of this crude extract of SCMAC is associated with
reduced leukocyte recruitment and molecular Th1/Th2/Th17 response
modulation in the lungs.

2. Materials and methods
2.1. Mice and reagents

Specific pathogen-free male BALB/c mice aged 6-8 weeks (National
Laboratory Animal Center, Republic of China) were used in these ex-
periments. All animal care protocols and experimental treatments fol-
lowed the guidelines of the National Science Council of the Republic of
China and were conducted in agreement with the principles outlined by
the Institutional Animal Care and Use Committee of China Medical
University (No. 103-233-C). Lyophilized Der p (Allergon, Sweden) was
extracted using ether and dialyzed against deionized water [16]. Dex-
amethason was purchased from Sigma.

2.2. Solid-state-cultured mycelium of A. camphorata (SCMAC) and
preparation of crude SCMAC extract and phytosterols

Freeze-dried powdered SCMAC was provided by Well Shine
Biotechnology Development Co. Ltd. (Taipei, Taiwan). This powder
(3.0kg) was extracted with MeOH (12 L) at room temperature (two 5-
day steps), and the resulting extracts were evaporated to yield a solid
residue that was mixed with H,O to a total volume of 1 L. The chemical
fingerprints of the mixture that were identified using high-performance
liquid chromatography were described elsewhere [17]. This phase was
extracted with EtOAc (three x 1L), and the combined organic phase
was evaporated to yield a solid residue (161.6 g), followed by chro-
matography on silica gel (elution: hexane and EtOAc solution). The
7,22-ergostadien-33-ol (9A) [18] and 7,9(11),22-ergostatrien-3[3-ol
(EK100) [19] were extracted as reported. The elution yielded 9A
(50 mg) (Fig. 1a) and EK100 (1.1 g) (Fig. 1b).

2.3. Effect of SCMAC extract on the Der p-induced model of chronic asthma

Twenty-four BALB/c mice were randomly separated into four
groups. For mice in the Der p group, a chronic asthma model involving
allergic airway inflammation and remodeling was induced by re-
peatedly challenging them intratracheally with Der p (1 mg/mL, 50 uL)
once per week for 5 weeks (six total doses). In the L (50 mg/kg) and H
(250 mg/kg) groups, the mice received the indicated oral doses of the
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crude SCMAC extract 30 min before the intratracheal Der p challenge.
After 3 days, both groups received a second oral dose of the crude
SCMAC extract. Naive mice without Der p challenge and SCMAC
treatment were included as controls in parallel experiments for com-
parison.

Three days after the final challenge, the mice were sacrificed
through intraperitoneal injection of 200-ug xylazine and 2-mg keta-
mine, as reported previously [17]. Serum samples were collected and
stored at — 80 °C until further analysis. Bronchoalveolar lavage fluid
(BALF) samples were collected and prepared for total leukocyte counts,
differential counts, and cytokine assays.

2.4. Measurement of airway hyperresponsiveness

Airway resistance in the mice was measured using a single-chamber,
whole-body plethysmograph (Buxco Electronics, Inc., Troy, NY, USA)
according to the manufacturer’s protocol. The enhanced pause (Penh)
variable represents airway resistance. Briefly, mice were exposed to
increasing doses of nebulized methacholine (0, 3.125, 6.25, 12.5, 25,
and 50 mg/mL; Sigma-Aldrich, St. Louis, MO, USA) for 3 min; Penh was
measured over the subsequent 3-min period following the end of me-
thacholine nebulization.

2.5. Measurement of total IgE, Der p-specific IgG1, and Der p-specific IgG,,,

2b

Total serum IgE levels were measured using an IgE-specific enzyme-
linked immunosorbent assay (ELISA) kit (BD Pharmingen, San Diego,
CA, USA) according to the manufacturer’s instructions. To evaluate Der
p-specific antibodies, serum samples were added to ELISA plates coated
with 2 ug/mL Der p and incubated overnight at 4 °C. After the plates
were washed, biotinylated rat anti-mouse IgGlor IgGs,, o, moAb (2 mg/
mL; BD Pharmingen) was added, followed by 1h of incubation.
Subsequently, the plates were washed with phosphate-buffered saline
and incubated with a streptavidin-horseradish peroxidase (HRP) con-
jugate (1:1,000 dilution, BD Pharmingen). Finally, the plates were
washed and developed using the TMB Microwell Peroxidase Substrate
System (Kirkegaard & Perry Laboratories, Gaithersburg, MD, USA).
Colorimetric reactions were measured at ODys.

2.6. ELISA analysis of cytokine levels

IL-5, IL-6, and IL-12 levels were assayed using an ELISA Ready-SET-
Go! Kit (eBioscience, San Diego, CA, USA), and IL-13, IFN-y, and IL-1f3
levels were assayed using an ELISA DuoSet! Kit (R&D Systems,
Abingdon, UK). Cytokine concentrations were determined against
standard concentrations according to the manufacturer’s protocol.

2.7. Quantitative real-time polymerase chain reaction (RT-PCR)

Total RNA was prepared from lung tissue using TRIzol reagent
(Invitrogen Life Technologies, Carlsbad, CA, USA) and converted to
cDNA using the ImProm-II Reverse Transcription System kit (Promega
Corp., Madison, WI, USA). Quantitative PCR was performed using the
FastStart Universal SYBR Green Master kit (Roche, Basel, Switzerland)
according to the manufacturer’s instructions. f-actin expression was
used as a control. The following gene-specific primers (sense and an-
tisense) were used: S-actin: forward, 5-GGAAATCGTGCGTGACA-3’ and
reverse, 5-CACA GGATTCCATACCCAAG-3’; MCP-1: forward, 5-AGA
AGGAATGGGTCCAGAC ATA-3’ and reverse, 5-TTAAGGCATCACAGT
CCGAG-3’; IL-17: forward, 5-CTC AACCGTTCCACGTC-3’ and reverse,
5’-CTCTCAGGCTCCCTCTT-3’; TLR4: forward, 5- CAGCAGAGGAGAA
AGCATC-3’ and reverse, 5- TTGGCAGCAATG GCTAC-3’; and TLR2:
forward, 5-GAGACCTATAGTGACTCCCAG-3’ and reverse, 5-TGATGA
TGACCCCCAAGAC-3’; IL-6: forward, 5’- CTTCACAAGTCGGAG GCTTA-
3’ and reverse, 5- TTGGTAGCATCCATCATTTCTTT-3’; and IL-1f:
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Fig. 1. Structures of the phytosterol compounds isolated from a solid-state-cultured mycelium of Antrodia camphorata (SCMAC). (a) 9A (b) EK100.
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sponsiveness was determined 2 days
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group exhibited significant reductions
in the number of infiltrating total cells
and eosinophils in the bronch-
oalveolar lavage fluid (BALF) at 72h
after the last Der p challenge. Values
represent the means * standard de-
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crude SCMAC extract-treated groups).
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Fig. 3. Effect of a crude SCMAC extract on serum antibody levels in Dermatogoides pteronyssinus (Der p)-challenged mice. (a) Total IgE levels. (b). Der p-IgG1/Der p-
18Gaa b ratios. Data are representative of the results of three separate experiments. * P < 0.05 (vs. naive group); ~ P < 0.05 (vs. nontreated and crude SCMAC

extract-treated groups).

forward, 5- CTGTCCTGTGTAATGAAAGACG-3’ and reverse, 5-TGCT
CTG CTTGTGAGGT -3".

2.8. Alveolar macrophage (MH-S) culture and gene expression analysis

The MH-S cell line was purchased from the Bioresource Collection
and Research Center (Hsinchu, Taiwan) and cultured in RPMI-1640
medium (Gibco, Grand Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS), 10 mM HEPES, and 0.05mM f3-ME at 37 °C in a
humidified atmosphere with 5% CO,. Next, 1 x 10° cells/well were
seeded in 6-well culture plates and pretreated/cotreated with 9A or
EK100, pure compounds that had been extracted from the crude
SCMAC extract and dissolved in DMSO, at various concentrations in the
presence or absence of 30 pug/mL Der p. The cultures were incubated for
the indicated times, after which the cells were collected for reverse
transcription and quantitative PCR.

2.9. Statistical analysis

All data are expressed as means * standard deviations. Differences
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between groups were evaluated using Student’s t test. A P value < 0.05
was considered to indicate statistical significance.

3. Results

3.1. Crude SCMAC extract attenuates Der p-induced airway
hyperresponsiveness and inflammation in an asthmatic mouse model

One function of a useful pharmacotherapeutic agent for asthma is
the amelioration of AHR, which causes airway obstruction and then
leading to cause of dyspnea, a major clinical symptom experienced by
patients with asthma. In this study, we used a repeated Der p challenge
experiment to test the effects of a crude extract of SCMAC on allergen-
induced chronic AHR and inflammation in a mouse model. Mice in the
Der p group exhibited markedly higher Penh values than the other
groups did. Both groups treated with crude SCMAC extract exhibited a
decrease in Penh values with the maximal dose of methacholine
(50 mg/mL) relative to the Der p group (Fig. 2a). However, the H group
exhibited a stronger relaxation effect than that of the L group in re-
sponse to treatment with 50 mg/mL of methacholine.
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Fig. 4. Effects of a crude SCMAC extract on Th2 and Th1 cytokines in BALF. Treatment with a high dose of a crude extract of a SCMAC (H group) significantly
reduced the expression levels of IL-5, IL-13, IL-6, IL-1f, IL-12, and IFN-y in the bronchoalveolar lavage fluid (BALF). #P < 0.05 (vs. naive group); “P < 0.05 (vs.

nontreated and crude SCMAC extract-treated groups).

To determine whether reduced inflammation was associated with
AHR suppression, we measured the cellular contents of BALF collected
from the treated mice. Fig. 2b demonstrates the lack of detectable eo-
sinophils in the BALF of naive mice. By contrast, markedly elevated
numbers of total cells and eosinophils were detected in the BALF of Der
p-treated mice. However, mice that received oral doses of crude SCMAC
extract had significantly lower total cell and eosinophil counts in the
BALF than those in the Der p group did.

3.2. Effects of a crude extract of SCMAC on serum total IgE and the ratio of
Der p-specific 1gG1/1gG,,/ 2 antibodies

A high level of total serum IgE is a characteristic finding in asthma
patients. Accordingly, we measured the serum total IgE, Der p-specific
IgG1, and Der p-specific 1gG,, o, antibody levels to evaluate the in-
fluence of treatment with a crude SCMAC extract on the humoral im-
mune response. Mice in the Der p group exhibited a significant increase
in the levels of serum total IgE compared with naive mice.

Among chronic Der p-challenged mice, which received two doses of
crude SCMAC extract, the serum total IgE concentrations were sig-
nificantly decreased compared with the Der p group mice (Fig. 3a).
Moreover, the Der p-specific IgG1/1gGz,, 21 ratio was markedly lower in
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H group mice than in Der p group mice (Fig. 3b).

3.3. Crude SCMAC extract significantly reduced the levels of
proinflammatory, Th2, and Th1 cytokines in BALF

Helper T (Th) cell inflammatory responses play an important role in
the pathogenesis of asthma. We determined the effects of our crude
SCMAC extract on Th cell cytokine levels in BALF. Mice treated with the
crude extract exhibited significant, dose-dependent attenuation of Der
p-induced IL-5, IL-13, IL-6, IL-1B3, IL-12, and IFN-y in the BALF com-
pared with the Der p group mice (Fig. 4).

3.4. Crude extract of SCMAC decreased the expression of Der p-induced
immune response genes in the total lung tissues

The Der p group mice exhibited the highest levels of MCP-1, IL-17,
TLR2, and TLR4 mRNA expression in lung tissues. Dose-dependent
patterns were observed in the L and H groups. In addition, the ex-
pression levels of these genes were significantly decreased in the H
group compared with the Der p group (Fig. 5).
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Fig. 5. Effects of a crude SCMAC extract on Der p-induced immune response genes in the total lung. Real-time PCR analysis revealed significant suppression of gene
expression in lung tissues following treatment with a crude extract of a SCMAC. *p < 0.05, ##p < 0.01, ¥#* P < 0.001 (vs. naive group); P < 0.05, P < 0.01

(vs. nontreated and crude SCMAC extract-treated groups).

3.5. Effects of 9A and EK100, isolated from the crude SCMAC extract, on
Der p-induced immune response gene expression in MH-S alveolar
macrophages

Airway macrophages play a pivotal role in amplifying inflammatory
responses by secreting proinflammatory cytokines to stimulate epithe-
lial cells, which results in the recruitment of inflammatory cells, and
phytosterols inhibit proinflammatory cytokines. We speculated that the
crude SCMAC extract reduced the number of total cells in BALF
(Fig. 2b), which might be related to the immunological activity of their
phytosterols. Therefore, we determined the anti-inflammatory effects of
two phytosterols, EK100 and 9A, on macrophages.

MH-S cells were pretreated for 1 h with EK100 or 9A. Subsequent
analysis revealed marked, dose-dependent reductions in the expression
of IL-6 and IL-13 mRNA with both compounds (compared with Der p
treatment alone). Similar results were obtained with cotreatment.
However, 9A exhibited stronger inhibitory activity than EK100 did
(Fig. 6).

4. Discussion

In the present study, we demonstrated that the oral administration
of a crude SCMAC extract led to reductions in AHR, total serum IgE
levels, and the total number of inflammatory cells in the BALF of mice
subjected to Der p-induced asthma. Moreover, we provided the first
experimental evidence that two pure compounds extracted from
SCMAC—9A and EK100—reduce the expression of IL-6 and IL-1f3 in an
alveolar macrophage cell line.

TLR2 and TLR4 are expressed on the surfaces of epithelial cells,
macrophages, and dendritic cells and serve as primary mediators in the
recognition of exogenous molecules and the initiation of innate immune
responses, which results in the release of IL-1} and IL-6 [20-22].
Moreover, TLR2 and TLR4 play pivotal roles in inflammatory responses
and asthma onset. For example, TLR2 activation is associated with a
strong, Th2-based immune response and an imbalance of the Th1/Th2
ratio in asthma [21]. Furthermore, augmented TLR2 and TLR4

expressions have been detected in deceased patients with allergic
asthma [21]. Therefore, the signaling cascades associated with TLR2
and TLR4 are attractive targets for therapeutic intervention [23], and
various plant-based compounds have been used to alleviate allergic
asthma symptoms through TLR4 cascade attenuation [21]. In our study,
the crude SCMAC extract reduced the expression of both TLR2 and
TLR4 (Fig. 5), resulting in a reduction in abnormal immune responses.

Cytokines and chemokines recruit and activate the cells necessary
for the pathomechanism of asthma [24-26]. For example, IL-13 acti-
vates airway epithelial cells and promotes the expression of proin-
flammatory mediators in airway smooth muscle cells [25]. IL-5 not only
stimulates eosinophil production and release from the bone marrow
and maturation in the blood, but also promotes the accumulation and
survival of eosinophils in areas of inflammation in the lungs [14,27,28].
Therefore, IL-5 suppression might reduce the pathophysiological pro-
cesses of asthma that are mediated by eosinophils [29]. IL-6 modulates
the influx of CD4* T lymphocytes into the airways and the subsequent
fates of these cells [30]. In a recent paper, IL-6 was shown to promote
Th2 and Th17 differentiation while inhibiting Th1 differentiation [30].
In addition, IL-17 plays a crucial role in controlling the influx of neu-
trophils into the airways [31], controlling bronchial hyperresponsive-
ness through direct effects on bronchial smooth muscle cell contraction,
and contributing to airway remodeling through goblet cell hyperplasia
[22,31]. We further observed that MCP-1 is involved in the recruitment
of monocytes [16].

In the present study, we demonstrated that our crude SCMAC ex-
tract reduced the total cell and eosinophil counts in BALF following Der
p treatment. We speculated that our crude SCMAC extract reduced cell
recruitment to the lungs by modulating the abilities of early-arriving
cells to produce cytokines and chemokines. Thl, Th2, and Th17 im-
mune responses are known to cause inappropriate responses such as
autoimmune disease and eosinophil- and neutrophil-predominant
asthma, respectively [32]. We used the expression levels of Th2, Thl,
and Th17 cytokines in naive group as baseline to compare the levels of
Th2, Thl, and Th17 cytokines between naive group, Der p group and
SMAC extract group. Those cytokines expression levels in Der p group
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Fig. 6. Treatment with phytosterol suppresses IL-6 and IL-1(3 gene expression in the MH-S alveolar macrophage cell line. (a) Der p-stimulated MH-S cells were treated

with EK100 pretreatment or cotreatment. (b) Der p-stimulated MH-S cells were treated with 9A pretreatment or cotreatment. (c) Der p- stlmulated MH S cells were

treated with dexamethasone pretreatment or cotreatment. Data were determined using real-time PCR. *## P < 0.001 (vs. control group); “P < 0.05, " P < 0.01,
" P < 0.01 (vs. Der p group and treated groups).

had higher than naive group, but in SCMAC extract group those cyto- balance by simultaneously reducing the levels of Th2 (IL-5 and IL-13),
kines expression were reduced to close baseline. Therefore, we believe Thl (IL-12 and IFN-y), and Th17 cytokines (IL-17) (Figs. 4 and 5).
that our crude SCMAC extract could restore the critical Th1/Th2/Th17 Moreover, we speculated that levels of IL-5, IL-13, and IL-12 were
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reduced close to those in naive group treated with high doses of SMAC
extract. The treatment could significantly reduce the influx of in-
flammation cells into BALF, in particular the eosinophils (Fig. 2b).

Asthma patients tend to have elevated levels of total and allergen-
specific IgE compared with healthy individuals, and the degree of IgE
elevation is associated with the incidence or severity of allergic asthma.
IgE plays a role in asthma and is an important mediator in both the
early and last phases of allergic response [33]. Therefore, the devel-
opment of an immunological drug that interferes with IgE synthesis or
inhibits its actions is a favorable approach. Omalizumab, an anti-IgE
antibody, was approved solely for the clinical treatment of allergic
disease in the USA and Europe [34,35]. Omalizumab could reduce the
levels of AHR and airway remodeling [34,36]. Hence, we speculate that
our crude SCMAC extract exhibits a similar function to omalizumab
with respect to the abrogation of AHR (Fig. 2a) by a significant decrease
in serum total IgE levels (Fig. 3a). We further observed that treatment
with our crude extract led to a reduced Der p-IgGl/Der p-IgG2a/2b
ratio (Fig. 3b).

The National Heart, Lung, and Blood Institute Expert Panel Report 3
recommends treatment with inhaled corticosteroids for asthma pa-
tients. Inhaled corticosteroids bind the glucocorticoid response element
(GRE) of the glucocorticoid receptor (GR); this complex (GRE/GR)
subsequently inhibits the transcriptional activity of several genes that
encode proinflammatory proteins, including IL-1f and IL-6 [38,39].
However, airway macrophages are primary responders to extracellular
allergens and might secrete “first-wave” cytokines such as IL-1§3 and IL-
6 [24,40,41], thus inducing epithelial cells to release a second wave of
cytokines to recruit inflammatory cells (e.g., eosinophils) and amplify
inflammatory responses [24]. In our study, the two phytosterol com-
pounds purified from our crude extract (EK100 and 9A) shared struc-
tural features with corticosteroids (Fig. 1). Because treatment with
EK100 and 9A reduced the expression of IL-1f and IL-6 in macrophages
in a dose-dependent manner (Fig. 6), we speculated that these two
compounds might function similarly to dexamethason. Moreover,
SCMAC may contain other compounds that could regulate different cell
types in the lung; we will evaluate this in the future.

In conclusion, in a Der p-induced asthma mouse model, our crude
SCMAC extract reduced the expression of cytokines such as IL-6, IL-1f3,
IL-5, and IL-13, possibly by suppressing TLR2 and TLR4 expression,
leading to reduced inflammatory cell recruitment and activation in the
lung. Our crude SCMAC extract also significantly inhibited the pro-
duction of total IgE while reducing its action associated with allergic
asthma pathogenesis. These findings suggest that this crude SCMAC
extract could be used to alleviate asthma symptoms such as AHR and
inflammatory cell inflammation in the lungs. We speculate that this
crude extract likely contains many pharmacologically active com-
pounds that exhibit synergistic effects on multiple targets, thus re-
lieving allergic asthma symptoms. EK100 and 9A, which were purified
from the crude extract, were found to inhibit IL-6 and IL-1[3 expression
in macrophages, similar to the action of corticosteroids. Therefore, the
isolation and identification of active compounds that contribute to the
anti-inflammatory and AHR inhibitory effects of this crude extract will
improve understanding of the mechanisms underlying the effects of
SCMAC on asthma symptoms.
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