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Abstract

Agastachis Herba is one of the well-known medicinal herbs in Korean traditional medicine. This study was
taken up to examine the beneficial effects of Agastachis Herba on a mice model of asthma. BALB/c mice
were sensitized and challenged with ovalbumin to produce a murine model of asthma. Methanol extracts of
Agastachis Herba were orally administered to the ovalbumin-induced asthmatic mice. The effects of
methanol extract of Agastachis Herba on airway hyper responsiveness, immune cell distributions in
bronchoalveolar lavage fluid, ovalbumin-specific immunoglobulin E in serum, and histopathological
changes were evaluated. Mice treated with the methanol extract of Agastachis Herba showed reduction of
airway hyper responsiveness as well as inhibited immune cell infiltration in bronchoalveolar region. Also
ovalbumin-specific immunoglobulin E levels in bronchoalveolar lavage fluid significantly decreased in
extract treated mice. Histopathological findings showed significant beneficial changes in inflammatory cell
infiltration.
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Agastachis Herba, the aerial part of Agastache rugosa, known as Korean mint, is one of the commonly
used herbs in traditional Korean medicine. The leaves of A. rugosa can be used as a flavor. A. rugose, a
perennial herb out of about 20 species of Agastache genus that has long been used to treat anxiety, pain and
other afflictions[1]. Aerial parts of this herb prepared in boiling water or as maceration in alcohol has been
used to treat various types of disease like cardiovascular, rheumatism, and gastrointestinal conditions[1,2].
In the Korean traditional medicine, Agastachis Herba has been extensively used for treating various
diseases[3], but only few researchers have reported its effects on specific disease models. Amanda et al.
reported that A. mexicana exhibited significant relaxant effect on the rat tracheal rings and suggested that it
could be used to treat asthma[4].

Asthma affects people of all ages and the most common trigger is continuous exposure to allergens[5].
Allergic asthma is characterized by increased mucus production, reversible airway obstruction, infiltration
of eosinophils and nonspecific airway hyper responsiveness[6,7]. The development of asthma is mediated
by the over-expression of Th2-mediated or Th1-mediated cytokines, including interleukin (IL)-4, IL-5, IL-9
and IL-13[6,7]. Current therapies have failed to control the symptoms of asthma completely and even
intensive treatment found to be ineffective[8]. Consequently, effort should be made to identify new
remedies, preferably of natural origin, for mitigating this disorder. We previously reported the strong
possibility of herbal remedies as a complementary or alternative to current treatment and also demonstrated
that regulation of Th1/Th2 imbalance may be one of the ways to treat respiratory disease[9,10]. Therefore,
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in this study, we investigated the effect of Agastachis Herba on a mice model of asthma.

Seven week-old female BALB/c mice (Daehan Biolink, Daejeon, Korea) were housed in polypropylene
cages at 24+4° under 12 h light and dark cycle for at least 1 week prior to the study. The mice were fed
with standard pellet diet and provided water ad libitum. All experiments were approved by the Institutional
Animal Care Committee of Pusan National University and conducted in accordance with the guidelines of
Pusan National University.

Standardized Agastachis Herba was purchased from Gwangmyung Natural Pharmaceutical Co. (Ulsan,
Korea), and voucher specimens (No. 201-BCH) were deposited at the Herbarium of School of Korean
Medicine, Pusan National University. One kilogram of Agastachis Herba was extracted with 10 times
volume of 80% methanol at room temperature for 3 days, and this was repeated three times. After filtration
using filter paper (Advantec, CA, USA), the methanol was removed using a vacuum evaporator (Eyela,
Tokyo, Japan) at 45°, and extract so obtained (MAH) then stored at -20° until use. Ovalbumin (Grade V,
OVA) was purchased from Sigma-Aldrich, St Louis MO, USA. Before use, OVA was detoxified using a
DetoxiGel column (Pierce, IL, USA).

For quality assurance of Agastachis Herba, analysis of MAH was carried out by HPLC method. The HPLC
system consisted of Agilent 1200 series (Agilent, USA) and a YMC PAK pro C18 column (4.6x250 mm, 5
pm). The mobile phase consisted of water containing 1% acetonitrile (mobile phase A) and water
containing 1% acetic acid (mobile phase B). The mobile phase flow rate was 0.5 ml/min and the split ratio
to the HPLC was 25:75 and the detector wavelength was 330 nm. Rosmarinic acid (Sigma-Aldrich, USA)
was used as standard. Methanol stock solution of rosmarinic acid was diluted to different concentrations.
Ten milligrams of MAH extract was dissolved into 1.0 ml of methanol and then filtered using 0.45 pm
syringe filter. The concentration of rosmarinic acid in MAH was calculated from the following equation:
Y=(2 532 338X)-2 356 667.

It was found that there was 0.04 mM of rosmarinic acid in 10 mg/ml concentration of MAH (fig. 1). The
experimental protocols employed have previously been described in detail[9]. Briefly, 200 pl of phosphate
buffer saline (PBS) or emulsion containing 100 pg of OVA and 2 mg of aluminum hydroxide were injected
to each of the mouse intraperitoneally for day 1 and day 14. Eight days later, mice were anesthetized with
intraperitoneal injection of ketamine (100 mg/kg) and xylazine (10 mg/kg), and received intranasal
instillation of 30 pul of PBS containing 25 g of OVA for three consecutive days (day 22, 23 and 24). MAH
extracts were given for ten consecutive days in the morning from day 15 to day 24 (fig. 2).

The experimental groups are as follows; 1) Naive, sensitized but not challenged, fed with PBS. 2) Control,
sensitized and challenged with OVA, fed with PBS. 3) MAH, sensitized and challenged with OVA, fed with
MAH. Seven-week-old male BALB/c mice were randomly divided into eight groups: 10, 30 and 100
mg/kg MAH-treated, PBS-treated, control and naive group. Each group consists of nine mice. Ten mg/kg is
recommended daily dosage of MAH in Korean medicine. Each concentration of MAH was administered by
oral intubation for 10 days, and the naive group and PBS-treated control group was given the same volume
of PBS by oral intubation. At the end of the treatment, animals were sacrificed and samples including
bronchoalveolar lavage fluid (BALF), blood were collected for analysis.

Airway responsiveness to methacholine was measured using the protocols we previously described[9], and
the method was one commonly used for noninvasive measurement of airway responsiveness in allergic
mice[11]. A whole body plethysmograph (OCP 3000, Korea) was used for the measurement of airway
responsiveness. One day after the last OVA challenge through nasal inhalation (day 25), mice were exposed
to increasing dose of methacholine using a ultra-sonic nebulizer (Pari, Germany) for 150 s at each
concentration. Airway hyper responsiveness (AHR) was calculated in enhanced pause (Penh) using the
protocols we previously described[9].

On day 26, to obtain BALF, mice were sacrificed with a lethal dose of ketamine and xylazine, then BALF
was collected via trachea. Mice were given 1.8 ml of PBS into lung, and more than 1.5 ml of buffer was
consistently retrieved. BALF cells were analyzed using the protocols previously described[12]. Briefly,
differential cell counts were performed by counting on cytospin preparations followed by staining with
Diff-Quick (Dade Behring, Switzerland).
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Mice were bled on day 26, blood samples were placed at 4° overnight and centrifuged at 2800xg for 10 min
to obtain sera. The OVA-specific IgE in serum was measured using ELISA. The experimental protocols
employed have previously been described in detail in our previous report[9], and the protocols were
performed according to the manufacturer’s protocol(BD Pharmingen, USA).

On day 26, after obtaining the BALF, the lung and trachea were dissected out and fixed overnight in 4%
formalin. Specimens were dehydrated in alcoholic series, embedded in paraffin wax, and then sectioned
with 5-um thickness. Sections were placed on a glass slide, stained with hematoxylin and eosin, and
examined under light microscope.

The data are expressed as the means=SD, and all statistical comparisons were analyzed by one-way
analysis of variance followed by Duncan’s multiple comparison test. The SPSS version 18 (SPSS Inc,
USA) was used for statistical analysis. Statistical differences with a value of P<0.05 were considered as
significant.

Inflammatory cells were significantly increased in BALF in Control group (OVA+Alum), and treatment
with MAH significantly decreased total cells including macrophages and other inflammation-related
immune cells (fig. 3). A hallmark of asthma can be eosinophilic inflammation, and MAH treatment showed
remarkable decrease of BALF eosinophils in all the applied dosage.

We examined AHR induced by methacholine inhalation. AHR resistances were measured as Penh values at
day 25. AHR of control group was significantly increased compared with that of naive group (fig. 4). After
exposure to 50 mg/ml of methacholine, Penh value of the control group was increased by 401% of that of
naive group (9.87+3.25 vs. 2.46+1.23). With MAH100 treatment, Penh value was decreased by 43.67% of
that of control group (4.31+1.82 vs. 9.87+3.25, fig. 4). Marked increases in levels of OVA-specific IgE
were observed in the Control group, whereas MAH groups showed statistically significant downward
changes of IgE levels (fig. 5).

In naive group of mice, few inflammatory cells appeared around the respiratory tracts, and no
histopathological changes such as mucosal thickening were observed (fig. 6a). But in control group, on the
contrary, there were distinguished infiltrations of inflammatory cells around respiratory tracts (fig. 6b).
Such changes appeared even though the alveolar spaces were once washed out with PBS to get BAL fluid,
and marked mucosal thickening also observed. In MAH treated groups, inflammatory cell infiltration and
mucosal thickening were significantly ameliorated than in Control group (fig. 6¢c—¢).

Agastachis Herba in Korean traditional medicine has been employed to eliminate dampness, arrest
vomiting, and relieve exterior syndrome and summer-heat. The nature of the herb is pungent in flavor, so
the flavor can eliminate dampness, regulate the functions of internal organs. Many Koreans use this
medicinal herb as food additive due to its flavor and medicinal properties. However, only a few studies
have reported its bioactive properties[13,14,15]. Amanda et al. previously reported the tracheal smooth
muscle relaxant effect of A. mexicana and suggested that it could be used as antiasthmatic agent[4]. This
report prompted us to evaluate the antiasthmatic potential of Agastachis Herba on a mouse model of
asthma.

Currently, corticosteroids are the most commonly used drugs to control airway inflammation, however,
corticosteroid therapy is associated with adverse effects, and some patients are completely corticoid
resistant or fail to show clinical improvement after high dose glucocorticoids treatment[16]. Therefore,
development of safer and effective antiasthmatic drugs with unique mechanisms of action is an important
area of research[16]. Consequently, efforts should be made to identify new antiasthmatic remedies,
preferably of natural origin, for mitigating these disorders.

Eosinophils play a major role in the pathogenesis of allergic and asthmatic inflammation; infiltration and
release of contents of eosinophils in the airways is linked to the severity of symptoms of asthma[17]. In our
study, eosinophils were absent in the BALF of naive group of mice and markedly increased in the control
group of mice with asthma (fig. 3). Other inflammatory cells also significantly increased when asthma was
induced. MAH administration effectively suppressed inflammatory cells infiltration into airway tracts.
Fig. 6 showed marked infiltration of inflammatory cells including eosinophils, neutrophils, and
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lymphocytes into connective tissues in control group. Even though the alveolar spaces were once or twice
washed out with PBS to get BALF, there still remained many inflammatory cells there. In addition,
mucosal thickenings were also frequently observed. However, in MAH-treated groups, inflammatory cell
infiltrations were much less severe than in control group, and mucosal thickenings were moderately
decreased.

AHR is a particular feature of asthma leading to recurrent episodes of shortness of breath, wheezing and
cough[18]. We evaluated AHR changes using methacholine challenge test, and MAH administration
decreased AHR values to levels similar to those observed in the naive group ([Figure 4). Asthma has been
associated with IgE production, and recent studies of the effects of antilgE therapy have confirmed that IgE
played an important role in asthma[19,20]. Balza et al. reported that there is a positive relationship between
airway IgE expression and serum IgE levels[20]. In our study, the expression of IgE in serum markedly
increased in the control group compared to the naive group, but MAH administration significantly
decreased the IgE serum level (fig. 5).

In conclusion, MAH effectively suppressed inflammatory cell infiltration into bronchoalveolar region.
AHR and airway remodeling in OVA-induced asthma also was ameliorated by MAH treatment. We have
demonstrated that WG and RG could regulate serum level of IgE which is an important biomarker of
asthma. However, as most medicinal herbs have multiple components, it is still unclear whether which
component plays key role in above activities. Therefore, further studies are needed to identify the key
molecules underlying these effects and efficacies.

Financial support and sponsorship:
Nil.
Conflicts of interest:

There are no conflicts of interest.

Footnotes

Lim, et al.: Agastachis herba on OVA-induced Asthma the Mouse

REFERENCES

1. Verano J, Gonzalez-Trujano ME, Déciga-Campos M, Ventura-Martinez R, Pellicer F. Ursolic acid from
Agastache mexicana aerial parts produces antinociceptive activity involving TRPV1 receptors, cGMP and
a serotonergic synergism. Pharmacol Biochem Behav. 2013;110:255-64. [PubMed: 23932918]

2. Gonzalez-Ramirez A, Gonzélez-Trujano ME, Pellicer F, Lopez-Mufioz Francisco J. Antinociceptive and
antiinflammatory activities of the Agastache mexicana extracts by using several experimental models in
rodents. J Ethnopharmacol. 2012;142:700-5. [PubMed: 22664511]

3. Cho JY, Kim YS, Park YJ, Bae JH, Oh DM, Park SM, et al. Physiological activity of Agastache rugosa
extract. J Life Sci Nat Resour Res. 2011;33:1-8.

4. Sanchez-Recillas A, Mantecon-Reyes P, Castillo-Espafia P, Villalobos-Molina R, Ibarra-Barajas M,
Estrada-Soto S. Tracheal relaxation of five medicinal plants used in Mexico for the treatment of several
diseases. Asian Pac J Trop Med. 2014;7:179-83. [PubMed: 24507636]

5. Agarwal R, Gupta D. Severe asthma and fungi: Current evidence. Med Mycol. 2011;49(Suppl
1):S150-7. [PubMed: 20662637]

6. Corrigan CJ, Kay AB. The roles of inflammatory cells in the pathogenesis of asthma and of chronic
obstructive pulmonary disease. Am Rev Respir Dis. 1991;143(5 Pt 1):1165-8. [PubMed: 2024830]

7. Corry DB. Emerging immune targets for the therapy of allergic asthma. Nat Rev Drug Discov.
2002;1:55-64. [PubMed: 12119610]

8. Moore WC, Bleecker ER, Curran-Everett D, Erzurum SC, Ameredes BT, Bacharier L, et al.

13/02/2016 17:32



A Study of Agastachis Herba on Ovalbumin-induced Asthma in the Mouséttp://www.ncbi.nlm.nih.gov/pmc/articles/PMC4700723/?report=printable

5di 11

Characterization of the severe asthma phenotype by the National Heart, Lung, and Blood Institute's Severe
Asthma Research Program. J Allergy Clin Immunol. 2007;119:405-13. [PMCID: PMC2837934]
[PubMed: 17291857]

9. Jung S, Cho SJ, Moon KI, Kim HW, Kim BY, Cho SI. Effects of socheongryong-tang on
immunoglobulin production in asthmatic mice. Korean J Herbol. 2008;23:23-8.

10. Cho SJ, Kim HW, Kim BY, Cho SI. Sam So Eum, a herb extract, as the remedy for allergen-induced
asthma in mice. Pulm Pharmacol Ther. 2008;21:578-83. [PubMed: 18387835]

11. Hamelmann E, Schwarze J, Takeda K, Oshiba A, Larsen GL, Irvin CG, et al. Noninvasive measurement
of airway responsiveness in allergic mice using barometric plethysmography. Am J Respir Crit Care Med.
1997;156(3 Pt 1):766—75. [PubMed: 9309991]

12. Chung Y, Cho J, Chang YS, Cho SH, Kang CY. Preventive and therapeutic effects of oral tolerance in a
murine model of asthma. Immunobiology. 2002;206:408-23. [PubMed: 12437071]

13. Hong JJ, Choi JH, Oh SR, Lee HK, Park JH, Lee KY, et al. Inhibition of cytokine-induced vascular cell
adhesion molecule-1 expression; possible mechanism for antiatherogenic effect of Agastache rugosa.
FEBS Lett. 2001;495:142-7. [PubMed: 11334881]

14. Luan W, Yu J, Yin P, Liu F, Zhu X, Xu J. Agastache rugosa prevents heat stress induced-apoptosis in
rat intestinal epithelial cell line (IEC-6) Eur J Pharmacol. 2011;668(Suppl 1):e40-1.

15. Oh HM, Kang YJ, Lee YS, Park MK, Kim SH, Kim HJ, et al. Protein kinase G-dependent heme
oxygenase-1 induction by Agastache rugosa leaf extract protects RAW264.7 cells from hydrogen peroxide-
induced injury. J Ethnopharmacol. 2006;103:229-35. [PubMed: 16185832]

16. Ribeiro-Filho J, Calheiros AS, Vieira-de-Abreu A, de Carvalho KI, da Silva Mendes D, Melo CB, et al.
Curine inhibits eosinophil activation and airway hyper-responsiveness in a mouse model of allergic asthma.
Toxicol Appl Pharmacol. 2013;273:19-26. [PubMed: 23994558]

17. Thomas LH, Warner JA. The eosinophil and its role in asthma. Gen Pharmacol. 1996;27:593-7.
[PubMed: 8853289]

18. Lauzon AM, Bates JH, Donovan G, Tawhai M, Sneyd J, Sanderson MJ. A multi-scale approach to
airway hyperresponsiveness: From molecule to organ. Front Physiol. 2012;3:191. [PMCID: PMC3371674]
[PubMed: 22701430]

19. Ong YE, Menzies-Gow A, Barkans J, Benyahia F, Ou TT, Ying S, et al. Anti-IgE (omalizumab) inhibits
late-phase reactions and inflammatory cells after repeat skin allergen challenge. J Allergy Clin Immunol.
2005;116:558-64. [PubMed: 16159624]

20. Balzar S, Strand M, Rhodes D, Wenzel SE. IgE expression pattern in lung: Relation to systemic IgE and
asthma phenotypes. J Allergy Clin Immunol. 2007;119:855-62. [PMCID: PMC1905834]
[PubMed: 17321582]

Figures and Tables

13/02/2016 17:32



A Study of Agastachis Herba on Ovalbumin-induced Asthma in the Mouséttp://www.ncbi.nlm.nih.gov/pmc/articles/PMC4700723/?report=printable

Fig. 1

O e R —
;=m|u

LT T

\
LY —-n_.-—mq-ﬁpug'kff\\w'm‘——u-—_am—hmm-—m} \/\"%———-."-“"--—--.-«._»..—“Hn‘.

E a a L] L] L] L] (] L] L] = E 2 - ] £

P R - gy 885 i

VBN e
®
]

T ® L] L] L] w H‘_l L] = n kel = ™ L]

HPLC fingerprint of rosmarinic acid and methanol extracts of Agastachis Herba.

HPLC fingerprints of rosmarinic acid standard and methanol extract of Agastachis Herba (MAH). (a) 0.02 mM rosmarinic
acid; (b) MAH extract dissolved in methanol. The peaks with retention time 20 represent rosmarinic acid.
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Fig. 2
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Experimental design using mouse model of Asthma.

Experimental design of mouse model of asthma, control, methanol extract of Agastachis Herba (MAH) group were
sensitized intraperitoneally at day 1 and 14, and challenged intranasally at days 22, 23 and 24. Animals were administrated
with MAH from days 15 to 24. All animals were sacrificed on day 26. IP intraperitoneal; IN is intranasal; PBS, phosphate
buffered saline; MBPT, methacholine bronchial provocation test and MAH, methanol extract of Agastachis Herba.
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Fig. 3
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Effect of MAH on total and differential cell counts in bronchoalveolar fluid.

Effect of methanol extract of Agastachis Herba (MAH) on total and differential cell counts in bronchoalveolar fluid
(BALF). MAH were treated with 10, 30 and 100 mg/kg, respectively. Mac, macrophage; Eos, eosinophil; Neu, neutrophil;
Lym, lymphocyte. #, P<0.05 when compared with Naive group; *, P<0.05 when compared with Control group. Data are
presented as mean+SD.
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Fig. 4
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Effect of MAH on airway hyper responsiveness.

Effect of methanol extract of Agastachis Herba (MAH) on airway hyper responsiveness. Penh, enhanced pause; OVA,
ovalbumin; Alum, aluminum hydroxide. ns, not specific; #P<0.05 when compared with naive group; ### P<0.05 when
compared with naive group; *P<0.05 when compared with control group; **P<0.05 when compared with control group;
***P<(0.05 when compared with control group. Data are presented as mean+SD.
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Fig. 5
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Effect of MAH on serum IgE assessment.

Effect of methanol extract of Agastachis Herba (MAH) on serum IgE assessment. Samples of serum were collected on day
26 and levels of OVA-specific serum IgE were measured. #P<0.05 when compared with naive group; *P<0.05 when
compared with control group. Data are presented as mean+SD.
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Fig. 6

Effect of MAH on bronchoalveolar inflammation

Effect of methanol extract of Agastachis Herba (MAH) on bronchoalveolar inflammation. Light microscopy revealed
abnormal respiratory epithelium (ellipsoid area), and high numbers of infiltrated inflammatory cells (arrows) in the Control
group as compared with the naive group. (a) naive group; (b) control group; (c-€), MAH treated group. Photomicrograph
of axial sections of mice lung (x100, H&E stain).
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