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Axenic shoot culture of Mentha arvensis was established from young shoots of plants cultivated in a field. In
the shoots cultured on Murashige-Skoog solid and liquid media for 3-4 weeks, pulegone was the main constituent
in both cases, and the content of pulegone in liquid medium was much more than that on solid medium. The
shoots cultured in the dark for 3 weeks produced only pulegone. However the shoots placed under 16 h/day light
condition started to produce menthone and menthol together with pulegone which was the main compound. The
plantlets obtained by culturing on hormone-free Murashige-Skoog solid medium at 25°C in 16 h/day light were
transplanted to pots, and formed pulegone at the early cultivation stage, then menthol was detected as the main
compound in the later cultivation stage at week 8.

Introduction

About 20 species of the genus Mentha(Lamiaceae family)are cultivated in the world, including
well-known plants such as Mentha arvensis, indigenous to East Asia, M. piperita, indigenous to the
Mediterranean coastal areas, and M. spicata, indigenous to Europe. M. arvensis grows to 30-60 cm
in height, having 2. 5-3. 8 cm ovoid dentate leaves with a slightly acute tip?. This plant provides a
starting material for perfumes and other essential oil products.

Monoterpenes produced by plants of the genus Mentha, specifically menthol, pulegone and
menthone which are important flavoring substances, are commonly used in the food, cosmetic and
pharmaceutical industries (Fig. 1). Menthol, in particular, is known to have analgesic, antipruritic
and preservative action.

Callus proliferation and plantiet regeneration from adventitious roots and buds have been
reported?. In addition to these findings, the effects of BAP concentration on the monoterpene
production in the shoots of M. arvensis has been reported(Kawabe et ¢l.*¥). Kim and Lee also
demonstrated the difference of monoterpene production in the M. piperita callus cultured under
various culture conditions®. M. J. Bricout and C. Paupardin reported the effects of liquid culture
medium and light conditions on monoterpene production in the shoots regenerated from callus®.
However, there are no reports on the productivity of monoterpenes in the shoots cultured on solid
and in liquid media.
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Fig. 1 Structures of monoterpenes(Molecular weight).

In this study, we describe the contents of menthol and the precursors® pulegone and menthone in
the shoots of M. arvensis cultured on hormone-free solid and in liquid Murashige-Skoog?” (MS)
media and under different light conditions. In addition, we discuss the growth of the plants
regenerated from shoots and cultivated in pots, and the change of the monoterpene yield in potted
plants with correlation to chlorophyll formation.

Materials and Methods

1. Plant materials

About 2 cm apical buds of Mentha arvensis cultivated in a field was immersed in 759 ethanol for
30 seconds and washed once with sterile distilled water. Then they were put in NaClO (Tween 20,
1 drop/40 ml)for 10 min. and washed with sterile distilled water three times. Apical buds(ca.5
mm) excised from the disinfected shoots were cultured on hormone-free Murashige-Skoog (MS)
solid medium to obtain sufficient shoots. Apical and lateral buds (about 2 cm) of the axenic plant-
lets were subcultured at about 8 week intervals for about 7 years. About 7 mm apical buds of
plantlets cultured on hormone-free MS medium were used for experiments.
2. Preparation of media

MS medium was employed to prepare solid and liquid media for experiments. The solid medium
was prepared by adding Gelrite(0. 2% w/v gellan gum for plant tissue culture)to MS medium,
previously adjusted to pH 5. 8, dispensing the mixture to test tubes (25 mm i. d. X 120 mm length, 20
m/ medium), and autoclaved at 120°C for 15 min. The liquid medium was prepared by dispensing
MS medium to 100 m/ Erlenmeyer flasks (30 m/), and autoclaved at 120°C for 15 min.
3. Culture conditions

Shoots cultured either on solid or in liquid media at 25°C under different light conditions: 16 h/day
light (4000 lux)or in the dark.
4. Transplantation to soil and cultivation

Plants obtained in vitro were transplanted to pots containing a mixture of soil, sand and leaf mold
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Fig. 2 Growth and monoterpene production in Mentha arvensis shoots cultured on hormone-
free MS solid medium at 25°C.

A : Shoots were cultured in 16 h/day light. B : Shoots were cultured in the dark. C:
After shoots were cultured in the dark for 3 weeks, they were placed under 16 h/day
light for 1 week. Numbers in parentheses show fresh weight(g).

(5:1:1), and cultivated at 25°C(16 h/day light, 4000 lux).
5. Monoterpene analysis
After fresh weight measurement of cultured shoots(leaves and stems)and cultivated plants
(leaves and stems), they were immediately frozen by liquid nitrogen and stored in a deep freezer (—
20°C). Monoterpenes in diethylether extracts of these samples were determined by GC-MS.
Ethyl heptanoate was used as an internal standard. The analytical conditions are as follows:
Gas chromatograph: HEWLETT-PACKARD 5890 A
Column: J & W DB-WAX(0. 32 mm 1i. d. x60 m)
Column temperature: 60°C (5 min., hold)to 220°C, 3°C/min.
Injection port temperature: 250°C
Detection temperature: 250°C (hydrogen ionization-detector)
Injection volume: 1 g/ (split ratio 70 : 1)
Mass analyzer: HITACHI M-80 B
Ionization: Electron bombardment (20 eV)
6. Chlorophyll quantification

Chlorophyll was determind spectrophotometrically by the method of Porra and Thompson®.
Results and Discussion

1. Shoot growth and monoterpene production on solid medium

The shoots(ca. 7 mm length)cultured on hormone-free MS solid medium under 16 h/day light
grew plantlets with emerged roots after 3 weeks of culture (93 mg fresh weight at week 3 and 133 mg
fresh weight at week 4) (Fig. 2-A). On the other hand, in the dark, very thin and etiolated plantlets
with no leaf development was observed, (10 mg fresh weight at week 3) (Fig.2-B). The buds
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Fig. 3 Growth and monoterpene production in Mentha arvensis shoots cultured in hormone-
free MS liquid medium at 25°C.
The explanation is the same as in Fig. 2.

cultured in the dark for 3 weeks first and then placed 16 h/day light for 1 week grew with leaf
proliferation (76 mg fresh weight) (Fig. 2-C).

In the shoots cultured in 16 h/day light, about 1 mg/g fresh weight of menthol was produced, and
the content of menthone decreased gradually (Fig. 2-A). In contrast over 17 mg/g fresh weight of
pulegone was detected during the culture period. In the dark, only pulegone was produced, no
menthone and menthol were detected by GC-MS analysis(Fig. 2-B). When the apical buds were
cultured in the dark and then placed under 16 h/day light conditions, the leaf proliferation and its
greening were observed. In addition small amounts of menthone and menthol were found in the
green shoots at week 1(Fig.2-C). These results suggest that light irradiation is one of the critical
factors for menthone and menthol production.

2. Shoot growth and monoterpene production in liquid medium

Growth and production of monoterpenes of M. arvensis shoots cultured in MS liquid medium were
investigated. As shown in Fig. 3, under same conditions mention above, the shoot growth in MS
liquid medium was remarkably greater than that on the solid medium. On the other hand,
monoterpenes were detected in the shoots cultured in liquid medium and pulegone was the main
constituent. Although the contents of pulegone in the shoots cultured on solid and in liquid media
in the dark were almost the same, the shoots cultured in 16 h/day light showed the highest pulegone
content (23. 8 mg/g fresh weight). In addition pulegone content in shoots cultured first in the dark
and then in 16 h/day light was about 2-fold higher than that in the solid medium. However, the
production of menthone and menthol decreased though the growth of shoots was improved in liquid
medium.

3. Time course of monoterpene production in liquid medium

Since relatively large amounts of pulegone were produced in the liquid medium, growth of shoots

and monoterpene production in the liquid medium were examined. Shoots were cultured in the



222

] - 100
24+ W Pulegone  _g Chiorophyll a
20 ] O Menthone ... Chiorophyll b
Menthol

(0.14)
20 ‘
18 ]
16.]
14 ]

12 4

monoterpene
mg/g fresh weight
chlorophyll

1g/g fresh weight

104

T
n
o

8 4

64

0.09
4] (0.07)y (0.09) ( )

05 1 2 3 6 12 24 48 72 96 120 144 168
(Hours) 1 week

Fig. 4 Growth and monoterpene production and chlorophyll production in Mentha arvensis
shoots cultured in hormone-free MS liquid medium at 25°C.
After shoots were cultured in the dark for 3 weeks, they were placed under 16 h/day for
1 week. Numbers in parentheses show fresh weight (g).
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Fig. 5 Growth and monoterpene production in Mentha arvensis shoots cultured in hormone-
free MS liquid medium at 25°C.

After shoots were cultured in the dark for 3 weeks, they were placed under 16 h/day
light for 4 weeks. Numbers in parentheses show fresh weight (g).

dark for 3 weeks and then cultured under 16 h/day light, and contents of three monoterpenes were
measured periodically. Menthone and menthol were not detected by GC-MS analysis even after
168 hours (Fig.4). These results agreed well with the previous results (Fig. 3).

As shown in Fig. 5, further culture under 16 h/day light until the 4th week induced the production



223

247 (0219) B pulegone
291 O Menthone
" {0.293) Menthol
=
k=
[
2
o
[
e
o
>
£
2 5 8
(Weeks)
Fig. 6 Growth and monoterpene production in regenerates of Mentha arvensis cultivated in
pots.

Plantlets were cultured on hormone free MS solid medium at 25°C under 16 h/day light
for 3 weeks. Numbers in parentheses show fresh weight (g).

of small amounts of menthone and menthol, 0. 13 mg/g and 0. 02 mg/g fresh weight respectively, at
week 3.
4. Monoterpenes in plants cultivated in soil

Despite the fact that the main component of M. arvensis cultivated in a field is normally menthol,
pulegone was produced in much greater amounts than menthol! in its shoots even when they were
cultured 16 h/day light. Since this finding suggested the differences in monoterpene production
between the cultures in vitro and the plants cultivated in soil, M. arvensis plantlets obtained by
culturing  vitro for 3 weeks were transplanted to soil, and the monoterpenes examined. The
fresh weight at week 2 after transplantation was 219 mg fresh weight, and it increased gradually
until 8 weeks of cultivation(Fig.6). The composition of monoterpenes in the plants cultivated in
pots was determined by GC-MS. Pulegone was the predominant component until 5 weeks after
transplantation, while menthol was produced gradually and became the main compounds at week
8. This results suggest that monoterpene production is significantly affected by differences in
environment, such as culture in vitro and cultivation in soil. It can therefore be speculated that the
stress due to pressure on roots, sterile conditions and cultivation conditions might affect on
monoterpene production.

5. Simultaneouse analysis of monoterpenes

Table 1 shows the results of asimultaneous analysis of 13 monoterpenes (percent ratios to the
total monoterpene content)in the shoots of plantlets cultured in liquid medium and regenerated
plants cultivated in soil.

In the shoots of plantlets cultured on liquid media in the dark for 3 weeks, only pulegone was
detected by GC-MS analysis, but no other monoterpenes were detected. When the plantlets were
cultured for 3 weeks in the dark and then placed under 16 h/day light, the pulegone content was over
959 until 4th weeks, but menthone and menthol were detected at 0. 4195 and 0. 33%, respectively.
When the plantlets were cultivated in soil, the pulegone content remained as high as 80. 7% at week
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Table 1. Monoterpenes in Mentha arvensis shoots and plantlets cultivated in MS liquid medium and

in pots.
Total reconstructed ion current(%)
Shoots cultured in liquid medium Plantlets cuitivated in pots*?
dark for 3 wks light for 1 wk*! light for 4 wks*! 2 wks 8 wks
a-pinene N.D. 0.320 0. 364 0. 484 0. 402
[B-pinene N.D. 0. 320 0. 407 0.522 0. 444
Sabinene N.D. 0.133 0.192 0.239 0.217
Limonene N.D. 2. 056 1. 160 1.278 1. 098
Menthone N.D. N.D. 0.414 6. 253 11.35
Isomenthone N. D. N.D. N.D. 0. 811 3. 285
Methyl acetate N.D. N.D. 0.171 0. 322 3.534
Isopulegone N.D. 0. 643 1. 208 1.139 0. 660
Neomenthol N.D. N.D. 0. 060 0.322 1. 379
Neoisomenthol N.D. N.D. N.D. N.D N.D.
Menthol N.D. N.D. 0. 332 7. 487 50. 82
Pulegone 100. 0 96. 53 95. 33 80. 65 26. 17
Piperitone N.D N.D. 0. 366 0. 496 0. 641

Ether extract of the leaves and stems of plant was analyzed by GC-MS.

*1 Shoots were cultured in hormone-free MS liquid medium in the dark at 25°C for 3 weeks and then
placed under 16 h/day light.

*2 Shoots were cultured on hormone-free MS solid medium at 25°C in 16 h/day light for 3 weeks.

2 after transplantation, followed by menthol(7.49%)and menthone(6.25%), together with
isomenthone detected in a small amount. When the plantlets were further cultivated until the 8 th
week, the pulegone content declined rapidly to 26.29, while the menthol content increased to
50. 89, with increase of menthone and isomenthone contents.

Of 13 monoterpenes analyzed, pulegone, menthone, menthol and isomenthone showed a significant
change in content by changing the cultivation condition from é% vitro to soil. This result demon-
strates a definite difference in the production of monoterpenes, especially pulegone, menthone and
menthol, between culture i vifro and cultivation in soil. This result agrees with the biosynthetic
pathway from pulegone to menthone and menthol suggested by Kawabe ef al®. Since the amount
of isomenthone was very low in leaves of cultivated plants, and no neoisomenthol was detected in
them, the enzymes converting these monoterpenes from pulegone might not express in these plants.
Further experiments will be required.

Conclusion

There are significant differences in monoterpene production in M. arvensis between culture in
vitro and cultivation in soil. In the former case, the synthesis of pulegone, menthone and menthol
might be regulated by some factors. The present results demonstrated that light is one of the
essential factors for menthol production in M. arvemsis shoot cultures. In addition pulegone,
normally present in a trace amount in M. arvensis grown in a field, was produced in large amounts
in cultures in vitro, especially in the dark. Taking into account the consideration of a great
amount of pulegone in plantlets cultured in the dark, it is noteworthy that culture of M. arvensis
may have a great potential for industrial production of pulegone, an important component of

perfumes.
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