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Atractylon Is a  Major  Sesquiterpene

   Young  Atractylodes  lancea Plants
        Raised from  Shoot Cultures
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  In the rhizomes  of  young Atvac(ylod(/s lavacea plants micropropagated  from  shoot  tips, the  rnajor

sesquiterpene  of  the  es$ential  oils  was  atractylon,  which  is the major  sesquiterpene  of  A. J'mponica
or  A. ovata,  though  in the  rhizotnes  ef  o]der  plants, hinesol and  fi-eudesmol was  the  major

sesquiterpenes.  Thus, the  accun]u]ation  pattern  of  essential  oils  varies  depending on  the  plant  age.

The  presence  of  atractylon  in A. lan(tea does not  necessarily  mean  that the plant  is a  hybrid
between A. Iancea and  A, iaPonica or  A. ovata,  both of  which  contain  atrnctylon  as  the major

sesquiterpene  in the  rhizome.  ,Xl. gancea plants  have  an  ability  to biosynthesize atractylon

genetically, The  rhizomes  of  young  micropropagated  A. ovala  plants accumulated  atractylon  as  a

major  essential  oil component,  but its content  was  lower than that of the mother  plant.
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"Jutsu"

 comprises  two  kinds of  crude  drugs, '`Byaku-

jutsu" and  
"So-jutsu."

 The  former  is prepared  from

rhizomes  of Atvactylodes 1'mponica Komz,  ex  Ki'rAM. and

A. ovata  DC. (A. "tacrocePhala  KoiDz.) uf the family

Compositae, and  the latter from those of  A. lancea I)C.
ancl A. chinensis  KoiDz.i' These crude  drugs are  rich  in
essential  oiTs consisting  mainly  of sesquiterpenes  and

polyacetylenic  compounds.  The essential  eil of So-jutsu
is characterized  by the dominancy of two  sesquiterpenes,

hineso] andfor  6-eudesmol, and  a po]yacety]enic
compound,  atractylodin,  whereas,  that of  Byaku-jutsu
contains  a sesquiterpene,  atractylon,  as the sole  major

essential  oil  component.L)

  The  purity  test of  So-jutsu adopted  by the Japanese
Pharmacopoeia'} is to detect atractylon  and  related

compounds  by vanillin/concentrated  hydrochloric acid

method,  Because  atractylon  has been considered  char-

acteristic  ol  Byaku-jutsu, and  the occurrenc;e  of  atrac-

tylon in essential  oils  of  So-jutsu has been  regarded  as

an  cvidence  of  hybridization bctween the  two  groups  of

plants.3) However, recent  extensive  surveys  of  essential

oil  compositions  in the rhizomes  of A. laneea plants
growing  wild  in China  revealed  that  u  group  of  A.

lancea plants accumulates  atractylon  and  atractylodin

as  the major  essential  ei] cornponents.`)  Sirnilar results

have  been reported  by Kawanishi  et aL") and  Kohda  et

al.6) Furthermore, we  receiitly  found by  restriction

fragTnent length polymorphisms  of  rDNA,7)  that the

presence of  atractylon  in the  rhizoine  of  A. lancea is not

necessarily  an  evidence  of  hybridizatioii of  the plant

with  A. j'mponica or  A. ovala.

  Previously,  we  micropropagated  A. tancedB) and

evaluated  the  clonal  plants cultivated  in the  field for 4

to :-) years,9' In the present study,  we  determined  the

arnounts  of  the essential  oil cornponents  of A, lancea in
various  developmental stages  raised  from  cultured

shoots.  In the course  of  the study,  we  found  that

atractylon  is the major  essential  oil component  in the
rhizome  of  A. lancea plant$ in their early  growth  stages

though  it is a  minor  essential  oil component  of the

mother  plant. The occurrence  of  atractylon  in A. lancea
rhizome  will be discussed in relation  to hybridization of

the plants with  original  pluiits of Byaku-jutsu,

MATERIALS  AND  METHODS

  Shoot  culture  and  field cultivation  The  plant

materials  of  A.  Iancea were  supplied  by Hamochi-
machi,  Sado  Is]ancl and  those  of A.  ovatn  by  Proiessor

T. Kimura, Daiichi Co[lege of  Pharmaceutical Sciences.
The  clonal  plants  were  obtained  from shoot  tips of  A.
kincea (At'I' and  AtB  st]'ains) bv the method$  described
earlier.R)  The  AtT  plant i$ essential-oil  poor  and

atractylon-rich,  whereas  the AtB p]ant is essential-oil

rich  and  atractylon-poor.iO)  The clonal  plants  of  A.
ovala  were  raised  by the same  tnethod  as  that used  for
A. lancea except  that the plant hormones in the shoot

multiplication  medium  used  for A. ovala  were  10"  M

indole-3-acetic acid  and  10'5 M  benzyladenine according

to the data reported  by Hatano et aLii) Fifty in vitro
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shoots  arid 50 plant,lets were  harvested after  30 aays of
incubation. 

'Vhe
 potted piantlets were  cultivated  in a

greenhouse for up  to i50 days  and  harvested after  4

months  {AtT strain)  or  after  the  cultivation  periods
indicated in Fig. 2 (AtB strain>  and  in TABuL' I (AtO
strain).  Ten  plants of each  strain  iN'ere  harvested for

the chemica]  analysis  of essential  oils. The  potted

plants of  AtT, AtB  and  AtO  strains  were  transplanted

to an  experimental  fie]d of  the Collegc in Niigata City

on  April 26, June l3 and  May  25, respective]y,  and  10

plants of  AtT  and  AtB  and  5 plants  of  AtO  were

harvested on  the 25th day of  each  month  as shown  in
Fig. 1, I"ig. 2 and  TpLBLf]･ I u"d  used  for cheinical  analy-

sis of  essential  oils.

  Analysis ef  essential  oil components  Atractylon in
the rhizome  of clonully  propagated  and  filed-cultivated

p]ants  (AtT strain)  was  identified by GC-MS.  The

atractylon,  hinesol, rs-eLidesmol and  atractylodin  con-

tents werEi  deterin{ned by the method  described pre-
Viously.i2)

          RESUI,TS  AND  DISCUSSION

  The  shoot  cultures  and  the aerial  parts of  in vitro

plantlets of  both AtT  and  AtB  $trains  accumulated  no

detectable arnounts  of  essential  oils.  1'he roots  of  the in
viiro plantlets contained  a sinall aniount  of  atracty]odin

and  a  trace amotmt  of  atractylon.  Figure  1 shows

changes  in the conipositions  of  essentia]  oils  in the

rhizomes  and  roots  of  potted and  field-grown p]ants of

AtT  strain.  The  rhizomes  of  the potted plants accuinu-

lated atractylon  wh{ch  was  the  first major  sesquiterpene

found in the rhizc)me  during the developmental stages

starting  from cuLtured  shoots.  A  siTtall  ameunt  of  fi-
eudesmol  was  detected in the rhizome  for the first time

when  the plants  were  cultivated  tn the field for two

muRths.  

'I'he
 accumulation  uf  hinesol did not  occur  till

autumn  er  6 months  ufter  Lransplantation of the plants
to  the  fie]d. The  total  amount  of  sesquiterpenes

decreaseid during winter  season  and  gradually  increased

from  spring  to autumn  of  the next  cultivation  year. It is

nuteworthv  that  atractvion  is the doininant constituent
in essential  oils  of  the rhizomes  of  yeung  plants  derived
from shoot  cultures.  On  the  otlier  hand, atractylodin

was  detected in the rhizome  at  any  growth  stage  includ-

ing potted plantlet rhizomes.  It is ev{dent  that the. essen-

tial oil profile of  A. iancea varies  considerably  as the

plant grow,  and  the  4- or  5-year-old p]ants derived frorn

shoot  cultures  had an  essential  oll composition  similar

to that of  the  control  pLants propagated  by the division
of  rhizon'ies,e)

  Figure ] also  shows  the analytical  data en  the  essen-

tial oil  cornponents  in the root  of  yuung  plants derived

frum shoot  cultures  of  AtT. At,ractylon was  always

detected in small  amounts  in the root  cultivated  in pots

or  in the field together  with  variable  amuunts  of

atractylodin.  Eudesmol  was  detected in root  samples
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harvested in January. No  hinesol was  found in roots

throughout  the cult.iN,ation  period of up  to two  years.

Essential oils  were  hardly detected in the aeriai  parts of

A. lanctea plants c)f both stra{Rs  in pot or field conditions
as  observed  in ()ur  previous study.i2)

  To  f{nd out  whether  the dominancy  of  atract},lon  in

the rhizome  ()f young  plants of  A. Iancea is specific  to

atractyloTi-rich  strains  such  as  i"LtT,  whicl)  is positive to

the purity test of  So-jutsu in the .l apanese  I'harmacopoeia,

we  carried  out  an  analogous  experiment  with  an

atractylcm-poor  strain,  AtB, -Thich  contained  more  than

6%  of  essential  oils  on  a dry weight  basis but scarcely

any  atructylon  in the rhizome,i")  as  shown  in F{g. 2.

Atractyloii was  agaii'i the  niajor  sesquitefpene  in the
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TABLE I.Change  in t.he Atractylon Content in
Petted Plants and  Field-Grown Plants
of  At?uctylodes ovala

the Rhizomes  ancl  the  Roots of

Derived from  Shoot Tip Cultures

Plant materials  Monthof  harvest
Atracty!on content  (%) in      '

Rhizome Root

Potted plantsa)

Fie]d-grown plantsb}

AugustSeptember

OctoberNovember

AprilAugustNovember

ncltrO,12ndo.e7O.27O.27trtrO.02trO.OltrO.11

n)h)In  vitr5  plafitletg were  potted on  July 31. Ten  plant.s' were  harvested at  thU--en'd
of  the  months  indicated.
Potted plants were  transplanted  to the  experimental  field on  May  2t), Five
plants were  harvested on  August  25 and  November  25.

ndinot  detected tr:trace  (<O.e5%).

essential  oil of the rhizome  and  root  of  young  piants of

AtB  strain up  to 2-year-old. These findings show  that

atractylon  is a  dominant component  in the essential  oils

of young  A, lancea plants  both of  atractylon-rich  and

atractylon-poor  strains  and  suggest  that atractylon  is
not  an  extraneous  sesquiterpene  brought  into A. lancea

by hybridization with  A. ovata  or  A. 1'mponica but an

innate constituent  of  A. Ianceza

  TABLE I shows  the atractylon  contents  in the  under-

ground  parts of  young  plants derived from  shoot  cultures

of  A. ovala  (AtO strain). The  mother  plant contained
1.21%  atractylon  in the  rhizome  as  the sole  major

sesquiterpene  con$tituent  and  not  a detectable amount

of hinesol, eudesmol  or atractylodin.')  Unlike A. lanc:ea,
the  potted plants accumulated  atractylon  in the rhizome
and  root  in October and  in April of the next  year.  The
rhizomes  of  the plants grown  in the field for several

months  accumulated  atractylon,  though  its content
(e.27%) was  lower than that of the mother  plant.

  The  present results  demonstrated that atractylon  is
the first major  sesquiterpene  to be accumulated  in the
underground  parts of  young  plants  of  A. lancea and  A.

ovaftz, indicating that atractylon  is also  an  inherent con-
stituent  of  A. Iancea. Since this compound  is also  a

major  sesquiterpene  in A. chine"sis  Komz.  and  A. koTeaua

Kn'AM. (A. Iancea DC. var.  simplicijblia  Ki'['AM.),4C' it

seems  that atractylon  is an  essentia]  oil  component

common  to the genus  Atmclylode& and  that, accord-

ing}y, atracty]on-rich  and  
-poor

 plants of  A. lancea are
to be considered  as  chemical  variants  within  the species
as proposed  by Takeda et  aL`C)  The  annual  and  sea-

sonal  changes  in essential  oil  compositions  and  their

contents  of A. lancea wil]  be reported  separately.

 Acknowledgements  : The  authors  thank  Prof. Takeatsu

Kimura, I)aiichi College of  Pharmaceutical Sciences and

Hamochj-machi  Tuwn  Office for supplying  the plant
tnaterials.

                 REFERENCES

1 ) Ministry of Public Health, Japan, 
"1'he

 Japanese Pharma-
   copoeia,"  13th ed., 1996, pp. 1250-1251.
2) a) N. Hiraeka,  

"Biotechnology

 in Agriculture and

   Forestry, Vol. 24, Medicinal and  Aromatic PIants. V,"

   ed.  by Y. P. S. Bajaj, Srpringer-Verlag, Berlin, 1993, pp.
   80-91;b) M, Yoshikawa,  Gendai  TcB,o igaku. 16, 255
   (1995}.
3) a) I. Yoshioka, T. Nishino, K. Tani, I. Kitagawa,

    Ftikzrgafett Zbsshi, 96, 1229 (1976); b) K. Goto, H. Izumi,
   M. Nune, S. Katsuki, I. Isoda, M,  Satake, Shqyaktagaha

   ksshi, 42, 51 (1988),
4) a) O. Takeda, E. Miki, M. Morita, M. Okada,  Y. Lu,

   H. S. He, S. A. He, INlaL Med,  48, 11 (1994);b) O.

   Takeda, E  Miki, S. Terabayashi, M.  Okada,  Y. Lu, H.

   S. Ile, S. A, He, Ndt. Meal, 49, 18 {1995);c) O. Takeda,

   E. Miki, S. Terabayashi, M, Okada, H. S. He,  S. A. He,

   Ndt. Meal, 4e, 289 C1996).
5) F. Kawanishi, T. Takahashi, T. Omukai, B. G. Zhang,
   Z. L. Li, P. G. Xiao, iVZzt. Med., 4S,1  <1994}.
6)  H, Kohda, K. Gotoh, M.  Anetai, T. Yamagishi, IVdt.

   tlfed., 48, i]g (1994).
7) H. Mizukami, R. Shiinizu, H. Kehda, M. Kohjouma, F.
   Kawanishi, N. Hiraoka, Biol. i]hn,vn. Bltln, 19, 577 (1996) .
8) N.  Hlraoka,  N. Yamada,  T. Kodama,  Y. Tomita, Plant

   Cell ReP., 3, 85 (1984).
9 ) N. Hiraoka, Y. Teniita, Pgant CeU  Rep,, 9, 332 (1990).
10) N. Hiraoka, K, Matoba, N. Ogawa,  Shayaktrgaku ZUzsshi,

   47, 68 (199:S).
11) K. Hatano, Y. Shoyama, L Nishioka, Planta Meal, 56,

   131 (1990).
12) N. Hiraoka, ?V:et. tlfed., 49, 169 (1995).

{419)


