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Callus and cell suspension cultures of Agastache rugosa were established to investigate the production of
rosmarinic acid in vitro. For callus induction 2,4-D treatment was more effective than that of NAA. The best callus
induction rate (92%) and callus growth A. rugosa were obtained in MS medium containing 2 mg/l 2, 4-D. In cell
suspension culture of A. rugosa, the maximum growth (7.7 g/l) and the highest rosmarinic acid production (11.5
mg/g) were attained in the liquid B5 medium supplemented with 2 mg/l 2,4-D and 0.1 mg/l BAP at 10 days after
culture. The present results demonstrate that cell culture of A. rugosa might be an alternative approach for the

production of rosmarinic acid.

Key words: Agastache rugosa, callus, cell suspension, rosmarinic acid

INTRODUCTION

Agastache rugosa Kuntze, belonging to the mint family
(Labiatae), is a perennial medicinal plant widely dis-tributed
in China, Japan, Korea and Siberia. It is used in Chinese
traditional medicine for the treatment of cholera, vomiting,
and miasma, and has been reported to have antitumor,
antifungal, antiatherogenic and cytotoxic acti-vities (Oh et
al., 2005; Shin and Kang, 2003; Hong et al., 2001).

Rosmarinic acid is an ester of caffeic acid and 3,4-
dihydroxyphenyllactic acid (Figure 1). It is isolated as a
pure compound for the first time as rosmarinic acid from
the plant, Rosmarinus officinalis (Scarpati and Oriente,
1958), and commonly found in the species of the
Boraginaceae and the subfamily Nepetoideae of the
Lamiaceae. Rosmarinic acid has a multitude of biological
activities, e.g. antiviral, antibacterial, anti- inflammatory
and antioxidant. The presence of rosmarinic acid in medi-
cinal plants, herbs and spices has beneficial and health
promoting effects to human being (Ly et al., 2006;
Parnham and Kesselring, 1985).

Rosmarinic acid is readily accumulated in undiffe-
rentiated plant cell cultures, in some cases it's concen-
trations are much higher than in the plant itself. The first
plant cell cultures accumulating rosmarinic acid were
derived from Coleus blumei (Razzaque and Ellis, 1997;

*Corresponding author. E-mail: phenixpark@gmail.com. Tel:
+82-42-821-5730. Fax: +82-42-822-2631

1997; Zenk et al., 1977).

Secondary metabolites from plant have been incur-
porated into a wide range of both commercial and Indus-trial
applications, and in many cases, rigorously con-trolled plant
in vitro culture can generate the same valuable natural
products. Plant as well as its cell culture has served as
resources for preservatives, natural pigments, flavors,
enzymes, cosmetics, and bioactive compounds (Mary AL,
2005). Callus is an unorganized tissue mass growing on
solid substrate which forms naturally on plants in response
to wounding, infestations, or at graft unions. Cell suspension
cultures are sus-pensions of individual plant cells and small
cell clusters grown in liqguid medium. Suspension cultures
are esta-blished by transferring small pieces of callus to
liquid medium and then, subsequently placed on a gyratory
shaker. Within a few days individual plant cells and
microcalli should be detached from the original inoculums
and growing in the constantly agitated medium (Mary AL,
2005).

In this study, it is described efficient protocols for the
growth and rosmarinic acid productions in callus and cell
suspension cultures of A. rugosa.

MATERIAL AND METHODS

Seed sterilization and germination

Seeds of A. rugosa were surface-sterilized with 70% (v/v) ethanol
for 30 s and 2% (v/v) sodium hypochlorite solution for 10 min, then
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Figurel. Chemical structure of rosmarinic acid.

Table 1. Effect of different concentrations of 2, 4-D
and NAA on callus induction from leaf explant of
Agastache rugosa at 6 weeks after incubation on
MS solid medium.

Auxins (mg/l) Callus Induction (%)
Control 0.0 0.0+0.0
24-D 0.1 13.1+2.4

0.5 43.7+3.2
1.0 83.5+9.1
2.0 92.3+7.8
4.0 88.3+7.4
NAA 0.1 0.0+0.0
0.5 5.7+0.8
1.0 31.8+3.7
2.0 57.6+7.6
4.0 56.8 + 4.9

rinsed three times in sterilized water. Ten seeds were placed on 25
ml of agar -solidified culture medium in Petri dishes (100 x 15 mm).
The basal medium consisted of salts and vitamins of MS medium
(Murashige and Skoog, 1962) and solidified with 0.7% (w/v) agar.
The medium was adjusted to pH 5.8 before adding agar, and then
sterilized by autoclaving at 121°C for 20 min. The seeds were
germinated in a growth chamber at 25°C under standard cool white
fluorescent tubes with a flux rate of 35 pmol s-1 m-2 and a 16 h
photoperiod.

Callus induction and culture

Leaf explants were cut aseptically at the ends, into sections of
approximately 7 x 7 mm in size. Explants were placed on the
medium in the Petri dish (100 x 15 mm). For callus induction from
explant, the basal medium was supplemented with various
concentrations (0.1, 0.5, 1.0, 2.0 and 4.0 mg/l) of 2, 4-D and NAA,
and 30 g/l sucrose. After 3 to 4 weeks, calli were subcultured onto
medium consisting of MS salts and vitamins, and containing 2 mg/I
2,4-D.

Cell suspension culture

Callus was transferred to 30 ml of MS liquid medium, containing 3%
(w/v) sucrose, in 100 ml flasks. Suspension cultures were
maintained at 25°C on a gyratory shaker (120 rev/min) in a growth
chamber under standard cool white fluorescent tubes with a flux

rate of 35 umol s'm?andal6h photoperiod. Growth rates were

determined by measuring the dry weight of cultured cells at 10 days
after culture. The addition to the culture medium with 2 mg/l 2,4-D
of various concentrations of the cytokinins (BAP and kinetin) was
tested to promote the growth of cell cultures. All experiments were
repeated three times.

HPLC analysis of rosmarinic acid

Harvested cell cultures of A. rugosa (1 g) were frozen in liquid N2,
ground to a fine powder using a mortar and pestle, and extracted

twice with methanol (10 ml) for 24 h at 25°C. Extracts were reduced
to dryness under vacuum dried, and dissolved in methanol. The
extracts were analyzed by high performance liquid chromatography
(HPLC) on a Cis reverse phase column (4.6 x 250 mm; Ultrasphere,
Beckman-Coulter) at room temperature. The solvent gradient used
in this study was formed through with an initial proportion of mix of
70% solvent A (3% acetic acid in water) and to 30% solvent B
(methanol). After 50 min, the solvent gradient had reached 100%
solvent B. The flow rate of the solvent was kept constant held at 1.0
ml/min. Samples (20 pl) were detected at wave lengths of 280 nm.
We identified the rosmarinic acid in solution A by matching the
retention times and spectral characteristics to those from single
HPLC run of a known rosmarinic acid standard.

RESULTS AND DISCUSSION
Callus induction and growth of A. rugosa

Basal MS medium was supplemented with different con-
centrations of 2,4-D and NAA for the induction of callus
from A. rugosa. Callus induction did not appear during the
culture period in the control, while there was a little
extension growth of the leaf explants. At the initial stage
(1 to 2 weeks after incubation) of callus induction medium
with 2, 4-D and NAA, the leaf explant swelled and friable
callus formation was observed at 3 to 4 weeks after
incubation. Six weeks after incubation 2,4-D treatment
was more effective than NAA for callus induction and the
best callus induction rate (92.3%) was obtained in MS
medium containing 2 mg/l 2,4-D. There was no significant
difference in the percentage of explants producing callus
(83.5 — 92.3%) among the 1 - 4 mg/l 2,4-D treatments. In
NAA treatment, 2 mg/l NAA showed the highest callus
induction rate (57.6%) and no callus was formed during
the whole culture period at the lowest concentration (0.1
mg/l) (Table 1).

The friable callus was obtained from leaf explants of A.
rugosa cultured on solid MS medium with 2, 4-D treat-
ment and were subcultured in the dark at 25°C on agar-
solidified MS medium with 2 mg/l 2, 4-D for maintenance
of A. rugosa callus cultures (Figure 2A).

In plant tissue culture, several auxin type herbicides
such as chlorophenoxy acids (e.g., 2, 4-D, 2,4,5-T, and
MCPA), benzoic acids (e.g., dicamba), and pyridines
(e.g., picloram) and synthetic auxin (NAA) have been
applied to callus induction. For callus induction of A.
rugosa, treatment with 2, 4-D was more effective than
NAA. Amoo and Ayisire (2005) published similar result
with callus induction from cotyledon explants of Parkia
biglobosa (Jacq.) Benth. Unlike in NAA, successful callus



Figure 2. Callus and cell suspension culture of the Agastache
rugosa. A) Callus cultured on solid MS medium with 2 mg/l 2,4-D
treatment in the dark at 25°C for 4 weeks. B) Suspension cells
cultured in 30 ml of MS liquid medium containing 2 mg/l 2, 4-D for
10 days.

Table 2. Effect of different concentrations of 2,4-D on growth
and rosmarinic acid (RA) production in suspension culture of
Agastache rugosa at 10 days after culture in MS liquid medium.

2,4-D (mg/l) | Dryweight (@) | RA/D.W.® (mgig)
0.1 1.6 £0.1 8.5+0.8
0.5 39405 8.7+07
1 5.4+0.7 9.3+0.9
2 59+0.7 9.5+1.0
4 5.2 +0.6 9.4+0.8
&= Dry weight

Data are means + SE

induction was observed in all concentrations of 2,4-D.The
fact that callus was induced by 2,4-D but not by NAA
suggests that cotyledon explants of P. biglobosa are
auxin specific. Rita and Floh (1995) also reported similar
observation with the leaf explants of Cuphea ericoides.
Zafar et al. (1995) also reported callus induction from
cotyledon, hypocotyl and root explants of Medicago
littoralis in the presence of 2,4-D alone and when it was
replaced with NAA, the explants either died or showed
poor callus formation. Harvey and Grasham (1969), while
working on 12 species of conifers also reported species
specificity for IAA, NAA and 2,4-D in their effectiveness
for callus induction (Table 1/ Figure 2).

Cell suspension culture and rosmarinic acid

production of A. rugosa

The friable callus of A. rugosa were transferred to 30 ml
of MS liquid medium containing 30 g/l sucrose and 2 mg/I
2,4-D in 100 ml flasks. Suspension cell cultures were
maintained at 25°C on a gyratory shaker (120 rev/min) in
a growth chamber under standard cool white fluorescent

tubes with a flux rate of 35 umol s- ! m-2 and a 16-h pho-
toperiod. At the time of first week after transferring the
callus to liquid media some smaller pieces fell off from the
bigger callus clumps. After several subculture of
suspension cells of A. rugosa, white and friable callus
were easily broken apart and dispersed into small cell
aggregates (Figure 2B).

To study the effects of different concentrations of 2,4-D
on cell growth and rosmarinic acid biosynthesis in sus-
pension cell culture of A. rugosa, suspension cells were
subcultured to MS liquid medium supplemented with
various concentrations of 2,4-D (Table 2). Our results
revealed that the addition of 2,4- D exhibited a positive
effect on A. rugosa suspension cell growth and ros-
marinic acid biosynthesis and overall growth at concen-
trations between 1 and 4 mg/l. The addition of 2 mg/l 2,4-
D which was selected as the mean of the optimal
concentration for suspension cell growth and rosmarinic
acid production in A. rugosa (Table 2).

In general, treatment of low levels of cytokinins in sus-
pension cell culture medium improved cell growth. To
improve cell growth and rosmarinic acid biosynthesis in
cell suspension culture of A. rugosa, different concen-
trations (0.01, 0.1, 0.5, and 1.0 mg/l) of cytokinins, BAP
and kinetin were added in MS liquid medium with 2 mg/l
2,4-D. Our results revealed that the concentration bet-
ween 0.01 - 0.5 mg/l BAP and kinetin increased suspen-
sion cell growth but that of 1 mg/l both BAP and kinetin
inhibited. BAP was relatively more effective than kinetin
for suspension cell growth at 10 days after culture. The
addition of the two individual cytokines (BAP and kinetin)
in MS liquid medium with 2 mg/l 2,4-D increased rosmari-
nic acid biosynthesis at all tested concentrations. In cell
suspension the combination of 0.1 mg/l BAP and 2mg/I
2,4-D performed the highest growth (7.0 g/l) and ros-
marinic acid yield(10.7 mg/g D.W.). The presence of 2,4-
D alone was less effective than a combination of 2,4-D
and cytokinins for rosmarinic acid production and cell
growth except for BAP 1 mg/l and kinetin treatment
(Table 3). These results suggest that low concentrations
of a cytokinin (BAP or kinetin) are optimal for rosmarinic
acid production and cell growth in suspension cell culture
of A. rugosa table 3.

Although secondary metabolite biosynthesis in suspen-
sion cell cultures is genetically controlled, it may also be
influenced by nutritional and environmental factors. To
examine the effect of different media on suspension cell
growth and rosmarinic acid production, suspension cells
of A. rugosa were cultured for 10 days in full- and half-
strength of B5 and MS basal media supplemented with 2
mg/l 2,4-D and 0.1 mg/l BAP. Cell suspensions grown in
B5 medium produced the highest levels of growth (7.7 g/l)
and rosmarinic acid production (11.5 mg/g D.W.), as
compared to cell suspensions grown in half-strength B5
medium, and half- and full- strength MS medium (Table
4).

Suspension cell cultures are rapidly dividing homoge-



Table 3. Effect of cytokinins on growth and rosmarinic acid (RA)
production in suspension culture of Agastache rugosa at 10 days
after culture in MS liquid medium containing 2 mg/l 2,4-D.

Cytokinins (mg/l) | Dry weight (g/l) | RA/D.W. a (mgl/g)
Control 0 59+0.7 95+0.8
BAP 0.01 6.1+0.5 9.7+0.9

0.1 7.0+09 10.7+£0.9

0.5 6.6 +0.8 105+1.2

1 4.6 +0.5 104+1.3

Kinetin 0.01 5.9+0.7 9.6+0.8
0.1 6.6 +0.7 10.3+1.0

0.5 6.3+0.6 104+1.1

1 52+0.5 10.2+0.9

&= Dry weight
Data are means + SE

Table 4. Effect of media on growth and rosmarinic acid (RA)
production in suspension culture of Agastache rugosa at 10
days after culture in different liquid medium containing 2
mg/l 2, 4-D and 0.1mg/l BAP.

Media Dry weight (g/l) | RA/D.W. % (mg/g)
1/2 MS 5.3+0.4 9.4+0.8
MS 6.9+0.8 10.7 £ 0.9
1/2 B5 6.4+0.5 9.8+0.8
B5 7.7+0.9 115+ 1.1
&= Dry weight

Data are means + SE

nous suspensions of cells grown in liquid nutrient media.
Cell suspensions are used for generating large amounts
of cells for quantitative or qualitative analysis of growth
responses and metabolism of natural products, as well as
for studies of cell cycle under standard conditions
(Namdeo, 2007; Verpoorte et al., 2002; May and Leaver,
1993) (Table 4).

The establishment of suspension cell culture for the
production of secondary metabolites using 2,4-D single
treatment has also been reported in different plant spe-
cies: diosgenin from Dioscorea deltoidea (Heble and
Staba, 1980), -Carboline alkaloids from Peganum har-
mala (Sasse et al., 1982), betacyanin from Phytolacca
Americana (Sakuta et al., 1987), diterpenoids from Tor-
reya nucifera var. radicans (Orihara et al., 2002).

However, we found the presence of 2,4-D alone was
less effective than a combination of 2,4-D and cytokinins
for rosmarinic acid production and cell growth. Other
studies also reported similar observation that a combi-
nation of 2, 4-D and cytokinins is better than 2,4-D single
treatment for secondary metabolite production and cell
growth in several plants: anthraquinones from Cassia
acutifolia (Nazif et al., 2000), anthraquinones from Iso-

plexis isabelliana (Arrebola et al., 1999), ginsenosides
from Panax notoginseng (Zhong and Zhu, 1995), Taxol
from Taxus spp. (Wu et al., 2001), Taxol from Taxus
baccata (Cusido et al., 1999).

Here, we described in vitro production of rosmarinic
acid from callus and cell suspension culture system of A.
rugosa and it was found that a combination of 2,4-D and
cytokinins are suitable for cell growth and rosmarinic acid
production from cell cultures of A. rugosa which might be
commercially accepted in future.
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