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Seasonal Variation of Monoterpenes in Artemisia japonica Leaf
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ABSTRACT

The composition and concentration of monoterpenes in the leaves of Artemisia japonica were de-
termined. And seasonal variation in monoterpenes of A. japonica were investigated. Samples were
taken from five sites at Mt. Muhak. Monoterpenes in the leaves were analyzed using gas
chromatography-mass spectrometry. The leaf monoterpene fractions were dominated by R.T. 5.
026, a-thujene, sabinene, S-pinene, cyclohexane (R.T.=12.859) and R.T. 23.149. There were
marked seasonal differences in concentration and composition of leaf monoterpenes. There were
many kinds of monoterpenes in leaf of spring time, however most of monoterpenes concentration
was small. On the other hand, there were not many kinds of monoterpenes in late time, but

monoterpene concentrations were increased.
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Fig. 1. Examples of monoterpene structures.

Acyeclic : geraniol(1), citronellol(2), myrcene(3)

Cyclohexanoid : limone(4), menthone(5), «-pinene(6),

B-pinene(7)

Cyclopentanoid : iridane(8)

Irregular : fragranol(9), chrysanthemane(10)
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Fig. 2. Seasonal variation of total monoterpenes in
Artemisia japonica. There is a significant difference
(F=0.000168). Each data represent the average obtain-
ed from the first week of each month,
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Fig. 3b. Seasonal variation of the relative concen-
tration monoterpenes in July, August and September
of A. japonica.
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Table 1. The major monoterpene concentration (ug /g f.w.) in the leaves of A. japonica

No. R.T. Compound April May June July Aug, Sep.
1 4.575 octene - 0.0964 - 0.0853 - -
2 4.705 0.7515 0.2163 0.3886 - - -
3 5.026 2.0485 1.9661 2.3624 0.2442 - -
4 5.455 0.8118 2.8238 - 0.0054 - -
5 5.815 0.0197 - 0.2210 - - -
6 6.372 0.0786 - 0.3360 - - -
7 6.765 - 0.2239 - 0.0930 - -
8 6.971 - 0.1919 0.6305 - - -
9 7.109 0.2324 0.6137 2.3845 0.1688 -

10 7.347 a—thujene 1.1699 0.1392 0.4703 - - -
11 7.588 0.3004 0.1342 0.0058 0.0141 - -
12 8.039 0.1303 0.1998 0.0022 0.0228 - -
13 8.501 0.0801 0.6099 0.0321 - - -
14 9.328 a—pinene 0.2052 0.6132 1.3821 1.4771 - -
15 9.798 camphene 0.1707 0.1220 1.8985 - - -
16 10.616 sabinene 0.4420 0.1803 0.5503 - 0.3728 0.0006
17 10.728 - 0.0765 1.4684 - - -
18 11.001 B8 —pinene 1.6575 3.5928 4.9888 6.3980 15.0936 23.7233
19 11.174 - 3.5348 - - - -
20 11.545 B8 —myrcene - 0.5738 - .6809 - -
21 11.717 0.0181 0.5889 - - - -
22 12.318 - 0.1816 0.2452 - - -
23 12.514 dl—limone 0.4774 0.7145 - - - -
24 12.859 cyclohexane - 2.3397 2.5527 2.6529 6.3955 7.5335
25 13.039 1.2615 - 0.1665 - - -
26 13.518 octatrine 0.00824 1.6369 0.0039 - - -
27 14.593 - - 0.0018 - - -
28 16.026 0.1215 - - -~ - -
29 16.193 0.7109 - - - - -
30 16.891 naphtalene 0.0571 0.8248 0.3569 0.5303 - -
31 17.389 isomenthone 0.3512 0.1540 0.0019 0.0343 - -
32 18.552 - 0.4386 0.4412 - - -
33 19.121 - 1.6476 0.3095 0.5102 - -
H# 20.521 0.8162 - 0.1609 0.1247 - -
35 20.678 bornyl acetate 1.1280 - 0.0018 - - -
36 21.955 0.0302 - 0.0165 - - -
37 21.830 - - 0.0983 0.0566 - -
38 22.025 0.2805 0.2704 - - - -
39 22.128 - 0.3927 0.0464 0.1073 - -
40 22.180 - - 0.2709 - - -
41 22.345 0.5104 0.3311 0.80829 - - -
42 22.819 geranyl acetate 1.6259 1.0839 - 0.5661 - -
43 23.149 0.5491 0.7181 1.6539 - - -
44 23.010 - 0.5432 - 0.6754 - -
45 23.495 0.1458 0.2265 - 0.1386 - -

R.T. : Retention time
— : No detection

fert 1995)0] ¥} 1 A olr] wFo 6¥37 749 (1997)¢] 9A++ Pinus caribaead |42l monoterpene
L 2noA Futd Aoz Bodc Barnola § T 2L AEFH Hole EE AR = owizsl o



June 1998

2|32 canopy & M E WL e, 59
% 3o who 7 B Ao BIEYY. o] 7
o] f A e Ae d Ao WA wt
A B a7y A 683 799 F ¥ i 3
Zol7} 2 717HESE BT HoAM dAHe F
#2 Algdd. a8y 8Y o|F9 F 9 Wi+
2 v|& 283 W&o AL datart MAHA Yo} H
28 5 gldley, S7tE e AR AAM HRo] &
3 YoM F7t2 PedEh

Table 1-& Au]&o)A FHH 45709 monoterpencE
o} ghFolt). BojA By Hie} o] 44, 54, 69 7t
A= monoterpene®] FAJo] kAl Frhsichl 749
¥ 207H¢] monoterpenette] FRNHIAYL, §¥ole 3
A, 999+ 4719 monoterpeneo] HAE L} o] 22
AL ZEo 2 Z7F9] monoterpeneo] EA3Itirt
289 44718 Ad BE FF monoterpeneo] At
#Fe & = e, ole ok Au%ko] e
g By 2Edle At Heele B 9l
b Qe A YX3= 222 AR B f-pinene
3 No. 249 1]%4 compound (R.T.=12.859, Wiley
library®] EAjo] oJ&H FXAHOZ cyclohexaneRFZ
B A 2E0g2RY PEI 1 Yo| FUHee 8¢
3 9gdle /M & %€ Ad monoterpenc S 2 A
Au&e] EAA monoterpenel 2 Al AL}

Fig. 3a, b 7} monoterpencE9 Aty v|g AA
Hoz yehd Ro2A, Aol AN vl o] ole
BRE xoE7xEe (Fig 3a) Wud @& F79
monoterpeneo] & HEZ X HO &S Holu A
7ho] A3, 53] 693 799 B A71E AYHE
A @e 289 monoterpene®] AME}A| I, B-pinene, 11
2]3 No. 249 1]%EA cyclohexaneR o Atha o]
o] Z718E & + Utk (Fig. 3b). o] &L olfe
B-pinene 9 A] cyclohexane <] monoterpene2 24 1
9 AYA A=zt 27] dqEo) (Fig. 1 =, Barnola
et al. 1997, Dey and Harbone 1997) o] ¥ 33EE0]
Wo] gHiEo] Qe Zeg dAddEg. ¥¥ AFAE9]
(Li and Madden 1995, Barton et al. 1991) A|AI% v}
o} 7ol AEA M ANEHE AHE $HEF 809
g3le] 1 ZARTE §Fo] Huh o wWolrt 4% A
o2 gEiA Urh. AR AH|&o] Ad UEF
monoterpene F-pinene No. 249] cyclohexeneHFZ
A ZBRE 71E7HA 34 EA s monoterpeneS 2,

29 i AEA Rolnot g i AHF o]

Monoterpenes in Artemisia japonica Leaf 267

7h B2 Ao wEAY. oMY AH|Ke] Ae 55
YAl & monoterpene®] Ao 9sh9, JEE] YL
& monoterpened] AL FAFHo|T AFAHo|m
2 (Li and Madden 1995, Barnola et al. 1997) B-pi-
nened} cyclohexaneFoll 2|3} A|H|%2] monoterpene

54 AAAgT ¥ 4 A
H R

AH|%9] Qo] 3l monoterpeneE ] 24T} FFol
AdHog EoFolzt. FERELS F3ite /9 o
2 ArdM FHIAL, Yo U= monoterpened
GC-MSZ #A45th. ¥ e F838F monoterpene
o2& R.T. 5026, a-thujene, sabinene, @-pinene, R.
T. 12.859 (cyclohexane®) 28] R.T. 23.1490]%it}.
a8l AH% A9 monoterpene FHL AHZHOZE
53k o]yt AT Solgt Y& 2FLENE oAF
e B EFY monoterpeneEo] 22t e FHaF
o2 Rxagoed, AA7E AU g2 F74 mono-
terpeneS-& Al@bA| 3, S-pinene, No. 24¢] cyclohexane
F9 154 el 8¥€d 9¥d IFHLE EXH
At

2l

2
S

Ho
rek

AEA, 794, 79, 191. £ Eo] e ARYA
29 2§, dA4H A 14: 121-135.

LR, oY, s 1994, FEj%o) EEE
sigtEdo] & A &R vdEY 4% e ¥
&, Sht A e 8E5)A) 17: 23-35.

Adams, R.P. and A. Hagerman. 1977. Diurnal vari-
ation in the volatile terpenoids of Juniperus
scopulorum (Cupressaceae). Am. J. Bot. 64: 278-
285.

Barnola, L.F., A. Cedenio and M. Hasegawa. 1997.
Intraindividual variations of volatile terpene con-
tents in Pinus caribaea needles and its possible re-
lationship to Atta laevigata hervivory. Biochem.
Syst. Ecol. 25: 707-716.

Barton, A.FM., P.P.Cotterill and M.LH. Brooker.
1991. Short note: Heritability of cineole yield in
Eucalyptus rochii. Silvae Genetica 40: 37-38.

Brown, G.D. 1994, Phytene-1,2-diol from Artemisia



268 Kim, Jong-Hee

annua. Phytochemistry 36: 1553-1554.

Books, I.E., J.LH. Borden, HD. Jr Pierce and G.R.
Lister. 1987. Seasonal variation in foliar and bud
monoterpenes in Sitka spruce. Can. J. Bot. 65:
1249-1252.

Dey, P.M. and J.B. Harbone. 1997. Plant biochemis-
try. Academic press. NewYork. pp417-434,

Gamabliel, H.A. and R.G. Cates. 1995. Terpene
changes due to maturation and canopy level in
Douglas-fir (Pseudotsuga menziesii) flush needle
oil. Biochem. Syst. Ecol. 23: 469-476.

Hall, G.D. and J.H. Langenheim. 1986. Temporal
changes in the leaf monoterpenes of Sequoia
sempervirens. Biochem. Syst. Ecol. 14: 61-69.

Halligan, J.P. 1975. Toxic terpenes from Artemisia
california. Ecology 56: 999-1003.

Harbone, J.B. and B.L. Turner. 1984. Plant
Chemosystematics. Academic Press. London.
Hopfinger, J.A., J. Kumamoto and R.W. Scora.
1979. Diurnal variation in the essential oils of
Valencia orange leaves. Am. J. Bot. 66: [11-115.

Jimenez-Osornio, J.J., J. Kumamoto and C. Wasser.
1996. Allelopathic activity of Chenopodium am-
brosioides L. Biochem. Syst. Ecol. 24: 1956-2005.

Kainulainen, P., J. Oksanen, V. Palomaki, JK.
Holopainen and T. Holopainen. 1992. Effect of
drought and waterlogging stress on needle mon-
oterpenes of Picea abies. Can. J. Bot. 70: 1613-
1616.

Kim, J. H. 1996. Seasonal variation in concentration
and composition of monoterpenes from Artemisia
princeps var. orientalis. Kor. J. Ecol. 19: 321-328.

. 1997, Variation of monoterpenoids in Art-
emisia feddei and Artemisia scoparia. J. Plant Bi-
ology. 40: 267-274.

. and J.H. Langenheim. 1994. The effects of
Pseudotsuga menziesii monoterpenoids on nitrifi-
cation. Kor. J. Ecol. 17: 251-260.

Levin, D.A. 1976. The chemical defenses of plants to
pathogens and herbivores. Ann. Rev. Ecol. Syst.
7: 121-159.

Li, H. and J.L. Madden. 1995. Analysis of leaf oils

Korean J. Ecol., Vol. 21, No. 3

from a Eucalyptus species trial. Biochem. Syst.
Ecol. 23: 299-318.

Nerg, A., P. Kainulainen, M. Vuorinen, M. Hanso,
JK. Holopainen and T. Kurkela. 1994. Seasonal
and geographical variation of (terpenes, resin
acids and total phenolics in nersery grown
seedlings of Scots pine(Pinus sylvestris). New
Phyto. 128: 703-713.

Rojatkar, S.R., S.S. Pawar, P.P. Pujar, D.D.
Sawaikar, S. Gurunath, V.T. Sathe and B.A.
Nagasampagi. 1996. A germacranolide from
Artemisia pallens. Phytochemistry 41: 1105-1106.

Sokal, R.R. and F.J. Rohlf. 1973. Introduction to
Biostatistics. W.H. Freeman, San Francisco. pp.
94-109.

Simon, V., B. Clement, M.L. Riba and L. Torres.
1994. The
emitted from the maritime pine. J. Geophys. Res.
99: 16501-16510.

Staudt, M. and G. Seufert. 1995. Light-dependent
emission of monoterpenes by hoim oak (Quercus
ilex L.). Nauturwissenschaften 82: 89-92.

Todorova, M.N., E. T. Tsankova, A.B. Trendafilova
and C.V. Guessev. 1996. Sesquiterpene lactones

Landes experiment: monoterpenes

with the uncommon rotundane skeleton from
Artemisia pontica L. Phytodhemistry 41: 553-556.

White, C.S. 1991. The role of monoterpenes in soil
nitrogen cycling processes in ponderosa pine.
Biochemistry 12: 43-68.

Williams, C.A., J.C. Onyilagha and J.B. Harbone.
1995. Flavonoid profiles in leaves, flowers and
stems of forty-nine members of the Phaseolinae.
Biochem. Syst. Eco. 23: 655-667.

Yashphe, J, R. Segal, A. Breuer, and G.
Erdreich-Naftali. 1979. Antibacterial activity of
Artemisia herba. J. Pharm. Sci 68: 924,

Zou, J. and R.G. Cates. 1995. Foliage constituents of
Douglas fir (Pseudotsuga menziesii (Mirb) Franco
(Pinaceae)): their seasonal variation and potential
role in Douglas fir resistance and silviculture
management. J. Chem. Ecol. 21: 387-402.

(1998 349 314 HF)



