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ARTICLE INFO ABSTRACT
Article history: Aim of the study: In the present study, we investigated whether the Lagerstroemia indica Linn (LI) extract
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has an anti-inflammatory effect on lung inflammation in ovalbumin-induced asthmatic mice.

Materials and methods: The LI extract was obtained from dried and powdered whole plants of LI using
80% ethanol. ELISA was performed to evaluate cytokine concentration. BALB/c mice were used as a mouse
model of asthma after asthmatic induction by ovalbumin sensitization and inhalation. We examined the
effects of the LI extract on leukocyte infiltration and mucus secretion using cell count and histological
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Asthma Results: The amount of cytokines, such as interleukin (IL)-2, IL-4, IL-5, IL-13, and TNF-«, was increased in

Jurkat cells using the extract from house dust mites. Increased cytokine concentrations were inhibited by
the LI extract. The LI extract suppressed the increased expression of IL-6 after treatment with mite extract
of EoL-1 cells and THP-1 cells. In an in vivo experiment using asthmatic mice, the LI extract significantly
inhibited leukocytosis and eosinophilia in bronchoalveolar lavage (BAL) fluid and lung tissue samples.
The LI extract inhibited the increase in mucus secretion by goblet cells, blocked the production of reactive
oxygen species in BAL fluid cells, and blocked the protein expression of IL-5 in BAL fluid. The concentration
of ovalbumin-specific IgE in BAL fluid was weakly inhibited by the LI extract.
Conclusions: These results suggest that the LI extract may be used as a valuable agent for treating allergic
diseases such as asthma due to its anti-inflammatory property.

© 2010 Elsevier Ireland Ltd. All rights reserved.

Anti-inflammatory effect

1. Introduction

Lagerstroemia indica Linn (LI) belongs to the Lythraceae family
and is distributed in Korea, China, and Australlia. LI is known as an
herb for treating asthma, hemostasis and detoxification in tradi-
tional oriental medicine. Although it has been reported that LI has
anti-coagulation activity and contains biphenylquinolizidine alka-
loids, however, the exact function of LI for the treatment of a disease
is understood poorly (Chistokhodova et al., 2002; Kim et al., 2009).

Asthma is a chronic inflammatory disease of the lung. It begins
in young children and persists in adulthood, resulting in high
mortality and decreased quality of life (Braman, 2006). Allergic

Abbreviations: LI, Lagerstroemia indica Linn; i.p., intraperitoneal; BAL, bron-
choalveolar lavage; Th, T helper; IgE, immunoglobulin E; ELISA, enzyme-linked
immunosorbent assay; ROS, reactive oxygen species.
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inflammation shows an increase in eosinophil infiltration into the
airways, mucus production, bronchoconstriction, and reduction of
respiratory function. Allergic inflammation is caused by eosinophils
which destroy lung tissues by producing several toxic granule
proteins. T helper (Th) 2 cytokines, such as IL-4 and IL-5, induce ele-
vation of IgE in serum and BAL fluid; increased IgE then aggravates
the clinical features of the disease (Gould and Sutton, 2008).

We performed the present study to determine the anti-
inflammatory effect of LI on asthma. First, we examined the
inhibitory effect of LI on cytokine production in Jurkat cells, EoL-1
cells, and THP-1 cells. To test the effect of LI in vivo, we investi-
gated the inhibition of inflammatory response, production of ROS,
mucus production, and IgE elevation after the treatment with LI of
ovalbumin-induced asthmatic mice.

2. Materials and methods
2.1. Preparation of the LI extract

Whole plants of LI were collected and standard extract have
been deposited at the Herbarium of the Department of Herbal
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Pharmaceutical Development, Korea Institute of Oriental Medicine,
Daejeon, Korea and Division of Life Science, Daejeon University
(TUT), Korea. The dried and powdered whole plants of LI (36g)
were extracted with 80% ethanol (3x 0.51) for 2 days at room tem-
perature. The combined liquid extracts (4.84 g) were concentrated
under reduced pressure.

2.2. Cell culture

The human T cell line Jurkat cells and human monocytic cell
line THP-1 cells were obtained from the American Type Culture
Collection (Manassas, VA). The human eosinophilic leukemia cell
line, EoL-1 cells were obtained from the Riken Cell Bank (Tsukuba,
Japan). They were grown in RPMI 1640 supplemented with 10%
heat-inactivated fetal bovine serum (FBS), penicillin (100 U/ml),
and streptomycin (100 pg/ml).

2.3. MTT assay

MTT assay was performed to determine cell viability using the
cell proliferation kit (Roche, Penzberg, Germany). Both THP-1 cells
and EoL-1 cells in 100 wl of the culture medium were plated into a
96-well culture plate. The LI extract was added to each individual
well as a final concentration of 10 pg/ml. The plate was then incu-
bated for 24 h at 37 °Cin a CO, incubator. 10 pl of MTT solution was
added in each well. After incubation of the plate at 37°C for 4h,
100 ! of solubilization solution was added to each well. After 24 h
incubation, the absorbance was measured using an ELISA reader
(Bio-Tek Instruments, Winooski, VT) at 550 nm.

2.4. Enzyme-linked immunosorbent assay (ELISA)

After pre-treatment with LI or dexamethasone for 30 min, Jurkat
cells were treated with the extract of house dust mite, Der-
matophagoides pteronissinus supplied by Dr. Tai-Soon Yong (Yonsei
University College of Medicine, Seoul, Korea). The concentrations
of IL-2, IL-4, IL-5, and TNF-a in the supernatant were measured
by a sandwich enzyme-linked immunosorbent assay (ELISA) using
OptEIA Set (BD Biosciences, San Diego, CA) and the concentration
of IL-13 was measured with a DuoSet ELISA kit (R&D Systems, Min-
neapolis, MN), according to the manufacturer’s instructions using
an ELISA reader, BIO-TEK ELx808. Cytokine release of THP-1 cells
and EoL-1 cells was measured using the method described by two
reports (Lee et al., 2008, 2009). After pre-treatment with LI or dex-
amethasone for 30 min, the cells were treated with the extract of
house dust mite, Dermatophagoides pteronissinus. The concentra-
tions of IL-6, IL-8 and MCP-1 in the supernatant were measured
by OptEIA Set (BD Biosciences). The cytokine concentrations were
calculated using a linear-regression equation obtained from the
standard absorbance values.

2.5. Asthma induction in BALB/c mice and drug administration

Six-week-old female BALB/c mice were purchased from Daehan
Biolink Co. LTD (Seoul, Korea) and maintained in an air-conditioned
room at room temperature. The mice were divided into six
groups (n=10), and airway inflammation was induced by oval-
bumin (Grade III; Sigma-Aldrich, Korea) in five groups using the
method described by Yuk et al. (2007). Each mouse was immunized
by intraperitoneal (i.p.) injection of 20 g of chicken ovalbumin
(Grade III; Sigma-Aldrich, Korea) with 1 mg aluminum hydroxide
(Sigma-Aldrich, Korea) on days 1 and 14. The mice were inhaled
with 5% ovalbumin solution aerosolized using an ultrasonic nebu-
lizer (ME-U12, Omrom, Tokyo, Japan) for 1 h per day from days 21
to 27 after the second sensitization. Four groups of asthma-induced
mice were treated with oral injection of 50mg/kg, 250 mg/kg

or 500 mg/kg of LI extract, or with i.p. injection of 1mg/kg of
dexamethasone (Sigma-Aldrich, Korea) between days 14 and 27,
respectively. Ll extract and dexamethasone are dissolved in ethanol
or DMSO, respectively and then was diluted to less than 1/100 with
PBS. The normal group was sensitized and challenged with PBS
without drug treatment.

All animal experiments used in this study were under a protocol
approved by the Institutional Animal Care and Use Committee of
the Eulji University.

2.6. Collection of bronchoalveolar lavage (BAL) fluid and serum

BAL fluid was collected by lavaging the lung via the trachea
with 1 ml of PBS. After five lavages, approximately 0.7 ml of BAL
fluid was recovered. Blood was collected by heart puncture. BAL
fluid and blood were centrifuged for 5 min at 4 °C. The supernatant
was stored at —70°C for the measurement of cytokines and IgE,
respectively. The cells in the BAL fluid were resuspended in 100 vl
of PBS for total cell and differential counts. After the measurement
of total cell number using a Neubauer hemocytometer, the cells sus-
pended in PBS were applied to a slide by cytospinning and stained
with Wright stain solution. The percentage of each leukocyte
was determined, and the absolute leukocyte count was calcu-
lated by multiplying each leukocyte percentage by the total cell
count.

2.7. Measurement of intracellular ROS

The cells in the BAL fluid were washed and resuspended with
PBS, and 3.3 wM of DCFDA was added to label the intracellular ROS.
The cells were then incubated for 10 min at room temperature.
Labeled cells were immediately observed using fluorescence-
activated cell sorting (FACS) analysis (BD Biosciences).

2.8. Histological analysis

Lung tissues were fixed with Carnoy’s solution overnight at 4°C
after isolation from the mice. The fixed tissues were embedded
in paraffin and cut into 4-pm sections with a microtome (Leica,
Nussloch, Germany). The sections were placed on slide glasses,
deparaffinized, and stained with hematoxylin and eosin (Sigma-
Korea) in order to examine the cells that had infiltrated into
the peribronchial connective tissues or with periodic acid-Schiff
stain (Sigma-Korea) to evaluate mucus production. A peribronchial
cell count based on a five-point scoring system was performed
as previously described (Duan et al., 2004). The scoring system
was the following: 0 - no cells; 1 - a few cells; 2 - a ring of
cells 1 cell layer deep; 3 - a ring of cells 2-4 cell layers deep;
4 - a ring of cells more than 4 cell layers deep. The extent of
mucus production of goblet cells was evaluated using a five-point
scoring system, as previously described (Kuperman et al., 2002).
The scoring system was the following: 0 — no goblet cells; 1 -
lower than 25%; 2 - from 25% to 50%; 3 - from 50% to 75%; 4 -
higher than 75%. The scoring of the leukocytes and goblet cells was
examined in three independent fields of lung section from each
mouse.

2.9. Statistical analysis

The statistical significance of any difference was determined
by one-way ANOVA followed by LSD and Turkey. The data are
expressed as the means+S.E.M. The SPSS statistical software
package (Version 10.0, Chicago, IL) was used for the statistical
analysis. A p value of less than 0.05 was considered statistically
significant.
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Fig. 1. The LI extract has no cytotoxic effect on Jurkat cells, THP-1 cells and EoL-1
cells. Jurkat cells, THP-1 cells and EoL-1 cells were incubated with the LI extract at a
concentration of 10 pwg/ml for 24 h. The survival rate was measured by performing
MTT assay, as described in Section 2. The data are expressed as the relative ratio to
the absorbance of the untreated cells, which was set at 100%. The data are expressed
as the means + S.E.M. of three independent experiments.

3. Results

3.1. The Ll extract has a suppressive effect on cytokine production
of Jurkat cells, EoL-1 cells, and THP-1 cells

We first investigated whether the LI extract affected the cell
survival of Jurkat cells, EoL-1 cells, and THP-1 cells. The LI extract
had no cytotoxic effect on these cells because cell viability was not
altered after the treatment with LI extract at a high concentration
of 10 pg/ml for 24 h (Fig. 1). To investigate the anti-inflammatory
effect of the LI extract, we evaluated the inhibition by the LI extract
on cytokine expression which had been increased by mite extract.
As shown in Fig. 2, the LI extract strongly inhibited the protein
release of IL-2, IL-4, IL-5, IL-13, and TNF-« in Jurkat cells, with dif-
ferent degrees of inhibition depending on the type of cytokine. The
increase in IL-6 production in EoL-1 cells and THP-1 cells was also
inhibited by the LI extract (Fig. 3). The LI extract, even at a low
concentration (0.1 pg/ml), suppressed the increase in cytokines.

3.2. The LI extract blocks the infiltration of total leukocytes and
eosinophils into the airways

To examine the inhibitory effect of the LI extract in asthma,
we induced lung inflammation in BALB/c mice using ovalbumin
and evaluated leukocyte infiltration into the airways by counting
the total leukocytes and eosinophils in the BAL fluid. As shown in
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Fig. 2. The LI extract inhibits the increased production of IL-2, IL-4, IL-5, IL-13,
and TNF-a after treatment with mite extract in Jurkat cells. Jurkat cells were pre-
treated in the absence (Mite) or the presence of the LI extract at the concentration of
0.1 pg/ml (L1 0.1) and 1 pg/ml (LI 1), or dexamethasone (Dex) at a concentration of
1 pg/ml for 24 h. And then the cells were treated with 1 pg/ml mite extract (Mite) for
24 h. The supernatant was collected and analyzed by ELISA. The data are expressed
as the relative ratio of the cytokine concentration of the mite-treated group, which
was set at 100%. The data are presented as the means £ S.E.M. of three indepen-
dent experiments. **p<0.01 was considered a significant difference between the
untreated group and the mite group or between the mite group and the LI-treated
group.
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Fig. 3. The LI extract inhibits the increased production of IL-6 after treatment with
mite extract in EoL-1 cells and THP-1 cells. EoL-1 cells (A) and THP-1 cells (B) were
pre-treated in the absence (Mite) or the presence of the LI extract at the con-
centration of 0.1 wg/ml (LI 0.1) and 1 wg/ml (LI 1), or dexamethasone (Dex) at a
concentration of 1 wg/ml for 24 h. And then the cells were treated with 1 ug/ml the
mite extract (Mite) for 24 h. The supernatant was collected and analyzed by ELISA.
The data are expressed as the relative ratio of the cytokine concentration of the mite-
treated group, which was set at 100%. The data are presented as the means +S.E.M.
of three independent experiments. *p < 0.05 and **p <0.01 were considered a signif-
icant difference between the untreated group and the mite group or between the
mite group and the LI-treated group.

Fig. 4A, the LI extract inhibited inflammatory leukocytes with no
significant difference. The LI extract also decreased the number of
eosinophils as compared to the control group (p<0.05) (Fig. 4B).
Cytokine measurement showed that IL-5 protein expression in the
lungs increased following the induction of asthma and was then
strongly inhibited by the LI extract (Fig. 4C). ROS production in BAL
fluid cells was also blocked by the LI extract (Fig. 4D).

3.3. The LI extract suppresses the degree of histopathological
alteration of lung tissues in a mouse model of asthma

The LI extract reduced the inflammatory cells in BAL fluid, we
examined the alteration of the histological features of asthma after
treatment of lung tissues with the LI extract using a histochemi-
cal method. The lung tissue in ovalbumin-induced asthmatic mice
showed severe peribronchial inflammation by excessive leuko-
cyte infiltration as compared to the normal tissue (Fig. 5). Mucus
production by goblet cells increased after asthma induction. Both
inflammation and mucus hypersecretion resulted in the narrowing
of the bronchi. The LI extract inhibited the pathological char-
acterization of asthma such as leukocyte infiltration and mucus
production. Data from histological tests indicate that the LI extract
may aggravate the degree of clinical phenotype of asthma, and
these results are in agreement with the data shown in Fig. 4.

3.4. The LI extract down-regulates ovalbumin-specific IgE levels
in BAL fluid and serum

Since total IgE and allergen-specific IgE play essential factors in
the pathogenesis of allergic asthma, we investigated the concen-
trations of ovalbumin-specific IgE and total IgE in BAL fluid and
serum. The LI extract suppressed the ovalbumin-specific IgE level
in BAL fluid and serum without significance (Fig. 6A), although the
LI extract had no effect on the total IgE level in BAL fluid and rather
increased the total IgE level in the serum (Fig. 6B).
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Fig. 4. The LI extract decreases the inflammatory cells and IL-5 expression in BAL fluid, and ROS production in BAL fluid cells in a mouse model of asthma. BAL fluid was
collected from ovalbumin-induced mice untreated (Control) or treated with 50 mg/kg (LI 50), 250 mg/kg (LI 250) and 500 mg/kg (LI 500), or 1 mg/kg dexamethasone (Dex)
between the sensitization and inhalation period. The negative control group (Normal) was sensitized and challenged with PBS without drug administration. The number of
cells in the fluid was totally and differentially counted (A and B) and IL-5 expression in BAL fluid was analyzed by ELISA (C). After the centrifugation of the BAL fluid, the cells
were incubated with PBS containing 3.3 wM DCFDA and were then immediately observed by fluorescence-activated cell sorting analysis (D). The data were expressed as the
means + S.E.M. *p<0.05 and **p<0.01 were considered a significant difference between the normal group and asthma control group or between the asthma control group

and drug-treated group.

4. Discussion and conclusion

In the present study, we demonstrated that (1) the increased
release of IL-2, IL-4, IL-5, IL-13, and TNF-« after mite extract treat-
ment of Jurkat cells is inhibited by the LI extract; (2) the LI extract
suppresses the increased expression of IL-6 in THP-1 cells and EoL-
1 cells; (3) in asthmatic mice, the LI extract significantly suppresses
total leukocytosis and eosinophilia in BAL fluid; (4) the LI extract
decreases protein expression of IL-5 in BAL fluid and ROS produc-
tion of BAL fluid cells; (5) it reduces both inflammation and mucus
hypersecretion in lung tissues; and (6) it weakly diminishes the
level of ovalbumin-specific IgE in BAL fluid but not the level of total
IgE in BAL fluid.

Asthma is an inflammatory disease of the respiratory system,
and its key pathogenesis is associated with infiltrated leukocytes
from the blood into the lungs along with mucus production (Busse
and Rosenwasser, 2003). Both inflammation and mucus production
induce narrowing of the airway passage and finally result in poor
respiratory function. Although the therapeutic effects of LI extract
on allergic diseases including asthma are not fully understood, we
demonstrated its possible therapeutic efficacy on asthma using an
in vitro system associated with measurement of the released medi-
ators as shown in Figs. 2 and 3. The LI extract inhibited the increase
of cytokines such as IL-2, IL-4, IL-5, IL-13, and TNF-« after mite
extract treatment of Jurkat cells. Also, it decreased IL-6 secretion
in THP-1 and EoL-1 cells. In animal experiments, we evaluated the
expression of IL-4, IL-5, and eotaxin in BAL fluid samples from asth-
matic mice. The LI extract decreased IL-5 expression (Fig. 4C), but
not IL-4 and eotaxin (data not shown). The results from an animal
model partly agree with data that LI has inhibitory effects on sev-
eral cytokines in in vitro cell lines. Decrease in cytokine production
is important in the recovery of asthma, where the most important
feature in its clinical cure is decreased inflammation and mucus
production in lung tissues (Woodruff and Fahy, 2002; Elias et al.,

2003). Since the LI extract inhibited both total leukocytes, includ-
ing eosinophils, and mucus hypersecretion in lung tissues, it may be
useful in the treatment of asthma (Fig. 5). The anti-asthmatic effect
of the LI extract on lung tissues is similar to that of other herbs
such as Duchesnea chrysantha and Viola mandshurica W. Becker as
described in prior reports (Yang et al., 2008; Lee et al., 2010). To
further understand the mechanism of inflammatory cell influx and
mucus production, we investigated ROS production in BAL fluid
cells. The Ll extract strongly decreased intracellular ROS production
of BAL fluid cells (Fig. 4D). ROS has also been known as an impor-
tant regulator of myocyte proliferation, function of epithelial cilia,
and release of inflammatory mediators (Henricks and Nijkamp,
2001).

Th2 lymphocytes and B lymphocytes play essential roles in the
initiation and development of asthma by releasing Th2 cytokines
and IgE production (Brightling et al., 2002; Ngoc et al., 2005; Owen,
2007). IL-5 is especially a core cytokine in the differentiation and
activation of eosinophils (Sanderson, 1988). The elevation of the
total IgE and allergen-specific IgE levels in early asthmatic response
induces the degranulation of mast cells by cross-linkage of allergen-
specific IgE. The LI extract strongly inhibited the elevated protein
expression of IL-5 to a level not greater than that observed in the
normal group (Fig. 4C). It also decreased the ovalbumin-specific
IgE in BAL fluid after induction of asthma, while the total IgE was
not blocked by the LI extract (Fig. 6). Based on these results, the
LI extract may regulate the specific mechanisms for expressing
allergen-specific IgE, but is not associated with mechanisms for
increasing IgE quantity. The clear mechanism for this activity can
be further studied. In conclusion, we focused on the possibility of
the LI extract as an additional therapeutic drug for asthma therapy.
Our results showed that it can be an effective anti-asthmatic agent
using in vitro cell lines and ovalbumin-challenged asthmatic mice.
It may also be a promising candidate in herbal medicine for the
treatment of asthma.
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Fig. 5. The LI extract inhibits airway inflammation and mucus hypersecretion in lung tissues. Hematoxylin and eosin staining (A) and periodic acid-Schiff staining (B) t was

performed to examine the pathologic alternation in lung tissues. Magnification 200x. The inflammation and mucus production in lung tissues were scored as described in
Section 2 (C).
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Fig. 6. The LI extract inhibits on ovalbumin-specific IgE level in BAL fluid and serum. The ovalbumin (OVA)-specific IgE (A) and total IgE (B) in BAL fluid (left panel) and
serum (right panel) were analyzed by ELISA, as described in Section 2. The data are expressed as the means + S.E.M. **p <0.01 were considered to be indicative of significant
differences between the normal group and asthma control group or between the asthma control group and drug-treated group.
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