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Mechanical damage on secondary metabolites from Artemisia

frigida leaves

LIU Mengmeng, JIA Li, ZHANG Hongqin, ZANG Xiaolin, ZHANG Rumin, GAO Yan
(School of Forestry and Biotechnology, Zhejiang A & F University, Lin”an 311300, Zhejiang, China)

Abstract: To determine the effects of feed intake and trample damage on secondary metabolites of Ariemisia
Jrigida, A. frigida from Inner Mongolia grassland was potted in the laboratory and treated with different degrees
of mechanical damage (light, moderate, severe, and a control group without damage). Then chemical compo-
nents of the leaves were analyzed by gas chromatography/mass spectrometry (GC-MS). Results showed that
with mechanical damage treatment the total amount of secondary metabolites increased within a certain time
range. Secondary metabolites with light damage increased gradually and peaked at 24 h; moderate and severe
treatments increased rapidly, peaked at 6 h, and then declined. Increases in species of secondary metabolites
were visible when treated with light and moderate damage, but a decrease appeared with severe damage. The
main components of secondary metabolites were terpenoids which accounted for more than 80% of the total.
The terpenoid content when compared with the control increased 59% with light damage, 54% with moderate
damage, and 67% with heavy damage. The increase of 8-hydroxylinalool was greatest; however, phenols, alco-
hols, aromatics, and ketones also increased. [Ch, 5 fig. 1 tab. 23 ref.]
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KMAEYRERSY, BinE SWeApiEee ", RpR o &k, SGEwnr b am e Ea R
FymW, U FED MR LKW R R . XL IE AL Larix gmelinii £ W25 55 1 R4S B B Den-
drolimus punctatus B 5, MEBRAGY S59 G50 T SRR BN, KR BHEY) 18 A0 &V 3h Y 80k 8¢
PUBHE F LA™ Wy 2 R AR BT ARSI, N L8705 SR Pinus massoniana ¥ &)
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HEA RIS &R B NS AR X AR 4 B8 P N 5T R B AR A e P st AT B
44°10'2"" N, 116°28'56"" E, ¥4k 1 160 m, 24EFHSHE HK-0.4 C, &% H (1 H)FHiRE-223 C,
A (T A)FEWAIE 18.8 C, =0 CAEFE N 2410 °C, =10 CHIEH 15979 C, TLHmEP 91 d, =
JEAE W AE I 150 d ey o 4R REK By 365.6 mm, HivhF 6-9 J], 295 AEREKE R 80%.
AR 5T X A T B AG W) R E B Leymus chinensis, fi Bg T 55 Cleistogenes squarrosa, i [K %1 3F Stipa
krylovii, K43 S. grandis, iR Saposhnikovia divaricata, V%7 Artemisia frigida, W3 JEFAE Thalictrum
petaloideum, [ /RZEJNELL Heteropappus altaicus 25, + 3 545 +
1.2 #eiabiE

2014 4F 6 A i A 7E R FEHAZ AR R R i v s AR AR, A T A R A b e R AE A (AR 18 em,
20 em), 1A, S 20 em, 10~15 /VEG- A Z8 T T W VAR O 2 i W A AR Ak 2 B =
i PQX Z Bl i B N LAER b, I ROGEHR 12 h, SB3R 500 wmol -m™+s™, RSN 25 °C, 3 I) L
20 °C, FAXSMRPE R (3042)%, ZEfi/E4K 20 d JG AT i ab B, bR M — B, AR R o E %
W 36 4, BEHLI N 4 2, LASY T AN B Oy SON TR B 0 s i SR AR, AR R 1/4 A
KONBRFEM . ALPE 13 RS R A . AEBR 12 B A M B EE G . ASVEAL B IR L BN 405
AL BRI A] Jp 5 AL H 3 4, 120 VAP A, o mlfEsb B S 0, 6, 12, 24 h Ub:, X i R #E 17
HURE, W R0 R J5 S F—80 “CAIIR VKAl N PR AT o
1.3 KA =E
13.1 AErth RARBH ORI RNERHEE, WEHRBCLE M A 1.0 g(3~4 A~/MZ), 54 0.5 cm
/NBr, BT 10.0 mL BL0AEH, A 7.0 mL 281K, B THEIK E(100 r- min™), 7E 25 CHMFTEE 48
h, 24000 r-min™ 2.0 15 min, BCEHR, ZBALIER(0.45 wm)id ik, 1531788 R KR FEH .
132 feFma o 5.0 mL %@ KR8, A 1.0 mL OB CBRA I, UK BRAE, A3
W, BIFEEH, AT, SRIEIA 200.0 pL 28R OB 5853 %, W 1.0 pL i#E#E, E GC-MS 434, X
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BB E . GC(T890A #, Agilent, Wilmington, 3E[E) 5. 4i+FE HP-5MS(30 m x 250 pm X
0.25 wm); FEFTHE: WIRIRE 50 C, L6 C-min™ (3% T % 180 °C, {#£4% 2 min, L) 10 C-min™
FF5] 250 °C, {45 10 min; S K He, i 0.8 mL-min™; #EFE IR 280 °C, MS(5975C 7!, Agilent,
Wilmington, SE[) %M. BB EL ML FRER 70 eV B IR 230 °C; WRATIRE 150 °C; &4
AR EE 250 °C; FA4 BT 28~450, FAERSH 1.0 wL, SR AT NIST 2008 35 ] 2 e ot €2, 335 f B Bk ] 7% .
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fREW 3 F; SHERIBAEY 1R BRAGY | . REBAASMEE. 8-S HUREE . et /7 me .
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O - 1-F 45 AR EE . 2,6- " BE-1,7-00 T3 L 2,6- R SRR R B B A 26 Rk AR AR
Yy, R (444.5) 20T BRI 1.68 £, Wi R M A5 W i S 90.2%; F BN 8-F4 Sk HLIR
B, MY REEE . HROTOTEE . DS RREE . REAN, AR 67.9%; SXTROAILL, I ERE . iR e .
TRARE . WSS . R A DR B BT, A-E S L 2,6- RS 17-9F R34 RS EEE . 2,6- A
ZENYE IR P T . E R R B 25 A AR AR, S TR (480.7) Bk, JEXTHRAY 1.82 £, Hirp
WA AL G 5 S 89.0% ; EE MU 8- AL MR . PR RERE . R-ILJERE . AT
FREE . JEMG, (5B 60.4%; SxREAHEL, Wb TR . BEARCEE | ARl . Rk 4 A, A
WA TR R o A R A A 3 P AT
22 HWBRGELEHARXRERBFHEXLEDHNESETH
22,1 @EMEEeg AL I 1 ORFE o X BRGS0 1 Ak 228.65 A I 461473 I 1o [ 1 1 6 A DR FE R
Bomm e, JEFE24 h iR BIEME , S5 B EE RN T 59% 5w R RN EE R 6 A0 38 O SE B s i b 1 AR
fhiast, HAE 6 h B S, SXTIRAE BN T 54%F 67%., =5 FAREAE X IR b & i w0 20
BRI O, AR R BE B R oy DR R R AN ARG Y 7.8 #1105 i, i EERIG T — ELR R ), 8-
AL BB AR J5 3, AR SRR E B A B0, R L R RN R R A R A
Sy BIELXTRESE N T 2.5, 2.3 A LS £ o ARG . DY AREE . PRAECYRREE . MM -A-EE L BT AR -
d P | 8- AL B IR R S A I A 0407 5 T o S R S R S e R A RN L R i AR R DU S
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(F02) o X BRI AR Ry 26.48 5 6 i 41 147 il 25 I5F 0] 119 J2E K 320 W 38 I &8 24 h ik 3 dm i, Lo BRG in T
60%; " EEFHGTE 6 h i E s, WA TRT R b BRI T 1.0 A%, SR T DU I s R R O A T R A, K
KA 45.61 A1 18.11; MK N 46.35, 62.10 F136.60, S H Jele g /b B %, i KAH H B
FEALHR S 12 h, SEE) T XIRY 2.3 £5 0 R i 0 1 AR B 5 B 2 B T AR — BOW AR fk B A B 5E E
P3G RGOS, B2 b BE R BRGS0 BERAR LU A B T 1.1, 2.0 A1 3.3 4% @AIKRE AR -5 T A
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Table 1  Changes of the main components of secondary metabolites from the leaves of Artemisia frigida under mechanical damage

W T LA X107
ey X i LR IE] rh R

0 6 12 24 6 h
2,3-T % 2,3-butanediol 211 +£0.12 640+0.17 3.13+0.11 1227 +047 9.84 = 0.27
2.4-2 " -1-F% 2,4-hexadien-1-ol - 0.92 + 0.01 - - -
1-cL % 1-hexanol - - - - -
2K phenol 517 +0.11 409 +£0.17 749025 11.05+0.22 1558 +0.27
3-¥ )i 3-carene - - - - -
B4 4EJE o-cymene - - - - -
FEM il cineole 1.20 £ 0.02 228 £ 0.05 - 358 +£0.10 7.19 +£0.18
K HEE benzyl Alcohol 0.93 + 0.01 148 £0.07 7.04 £0.19 10.81 £0.15 14.84 +0.20
4-F FL-3-Fi 475 -2-f 3-hepten-2-one, 4-methyl- 0.64 = 0.01 2.09 £ 0.06 2.86+0.07 3.60+0.09 453004
JLLAEEE safranal - - 4.08 +£0.11 - -
4—1jif§ i B 4—terpineol - 1.42 + 0.08 - - 3.08 £ 0.17
2,6- W K-1,7-2F —J5-3-F% 2,6-dimethyl-1,7-octadien-3-ol - 141 £0.03 241 +£0.08 242 =+0.03 493 +0.12
WK guaiacol 6.15+0.18 336+003 549 +0.10 1542 +0.12 16.63 +0.21
F5AEEE linalool 5.66 + 0.03 870+0.09 3.79+0.07 326 +0.02 34.00 = 0.49
2 I chrysanthenone 1.43 £ 0.02 - - - -
7K Z T phenylethyl alcohol 2.82 +0.01 4.17+0.06 2.63+0.01 596 =+0.09 4.69+0.07
It & Wi eucarvone - - - - -
5tFA 7 7B isopinocarveol _ _ _ 3 B
# camphor 10.18 £ 0.09 530 = 0.04 - - 2601 = 1.18
M- i cis-carveol - - 1.01 £ 0.04 236 £ 0.17 -
JENiE borneol 622 +£0.57 694042 741 054 28.09 128 13.20 +0.49
AR 5 f i epoxylinalool 6.68 £046 0.74+£0.09 147 +005 6438274 271 +0.07
5 i M -4~ terpinene-4-ol 197 £0.09 1271 £ 086 333 +0.10 235+0.02 5.66+0.17
M5 & 05 B i hotrienol 11.67 £ 0.61 2098 + 098 64.85 £5.09 62.58 +4.62 49.38 + 4.07
i AK HEE lavandulol 338 £0.17 396 +036 3.88+029 - 1.13 £ 0.04
JIGE-ih5 i B cis-terpineol, 235+ 0.16 5.33 +0.31 2.68 £ 0.08 35.17 £337 599 +0.49
1, 4-F8 i 1,4-cineole - - 4.02 + 0.09 - -
L R IR Y verbenol - - 423 +£0.24 - 1.98 + 0.07
1-H 3£ Z% naphthalene, 1-methyl- 238 £0.02 294 +0.18 3.29 +0.21 1.88 £ 0.11  3.16 = 0.15
LN perillol - - - - -
#1944 B durenol 939 +£037 568+023 519x0.19 792+035 6.82=+0.26
¥ I T verbenone - - 5.31 £ 0.39 - -
W citronellal 827 + 048 14.13 £ 1.07 4.23 +0.51 - 4.22 + 047
JZ -5+ T % W trans-isoeugenol 577 £+ 048 1463 +1.05 18.61 £1.26 797 +045 11.02 = 0.68
8-k L E R 8-hydroxylinalool 45.54 +3.52 54.86 £ 5.07 148.72 £ 9.82 161.81 = 8.79 152.19 + 5.87
Hii At 4% i barosma camphor 3.10 + 031 3337 +1.75 590 + 0.37 - 3.79 + 0.43
2,6- I %25 2,6-dimethylnaphthalene - 1.38 + 0.04 12.57 + 0.96 - 1.56 + 0.09
S -7 Je B trans-farnesol 1.20 + 0.01 - 1.13 £ 0.02 - -
EFAEE cedrol 70.16 £ 7.02  8.93 + 0.74 - - -
W W\ ZE W palustrol 7.59 £ 026 371 £0.09 12.53 £ 0.95 - -
18 7 ik santalol 332 +0.11 - 4.48 + 047 - -
T AL AU nerolidol - - 79.35 £ 5.98 - -
i R palcarinol 38.71 £ 2.74 - - - 4041 +2.43
2,3-T [ 2,3-butanediol 234 +£0.01 591 +0.12 9.65+028 556+0.13 1394 +0.31
2.4-2 “-1-F% 2,4-hexadien-1-ol 1.09 £ 0.02 091 = 0.01 - - 1.87 + 0.01
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Table 1 Continued
Ui LA X10°
e o LA i
12 24 6 12 24 h
1-2 % 1-hexanol - 1.52 + 0.07 - - -
2K phenol 476 £ 0.14 476 +£0.11 13.65 £ 0.33 2228 + 1.51 9.54 +£0.23
3-EEJF 3-carene - 5.07 £ 0.23 - - -
B4R 4E % o-cymene - 3.98 +0.12 - - -
FERS I cineole 0.67 + 0.02 17.33 = 0.49 499 +0.12 213 £0.07 230+ 0.04
K benzyl Alcohol 4.10£0.09 398 +0.16 1432 +0.27 1030 =+0.11 4.58 +0.09
A-F1 33P0 -2 3-hepten-2-one, 4-methyl- 203002 087001 374+0.11 201=008 557 0.3
JMELLALRE safranal 211 +0.07 1.58 +0.02 - - -
4-1iif §H B 4-terpineol 1.04 £ 0.04 1.42 +0.03 - 1.79 + 0.09 -
2,6- " H BE-1,7-9 T H5-3-F5 2,6-dimethyl-1,7-octadien-3-ol 0.99 + 0.03 - - - -
AR AR guaiacol 329 £0.09 520+0.17 11.22+0.16 7.06 +0.02 7.61 +0.06
5 #E i linalool 801 £0.11 18.74 £0.18 1135+0.14 533 +£0.05 1742 +0.18
2§l 11 chrysanthenone 498 + 0.06 3.95+0.04 12.12+0.11 - -
7K L1 phenylethyl alcohol 2.66 £ 0.03 298 + 0.01 9.41 + 0.07 9.80 £ 0.12  9.54 +0.10
G iE il eucarvone 2.57 +0.07 3.05+0.10 - - -
SEFA T T EE isopinocarveol 1.04 + 0.03 2.14 + 0.02 - - -
F K camphor 1.79 £ 0.09 2.89 +0.03 - 54.15 £ 2.72 1.87 + 0.07
JIi-F5 FrE cis-carveol 3.61 £0.19 2.61 £0.04 19.06 = 1.09 1.94 + 0.15 22.11 = 1.47
JE i borneol 9.39 + 0.24 2549 £ 093 22.13+0.79 6831 £5.07 3.38 +0.11
R 5 B epoxylinalool 5.81 +0.13 287 +£0.06 5821 +3.25 9.18 £ 0.51 -
KA I M5 -4-% terpinene-4-ol 3.01 £ 0.10 2599 + 1.42 5.18£0.26 11.01 +090 1.53 +£0.03
it & 55 15 5 hotrienol 3337 £ 221 2274 +2.03 38.70 +4.01 1459 +1.90 15.18 = 0.69
A KL lavandulol 430 £ 0.11  1.07 = 0.09 - - 4.53 +0.16
JIGE-i45 i B cis-terpineol 7.14 £ 0.64 464 £046 13.13+0.17 1295+0.79 1244 +0.92
LA-RE# il 1,4-cineole 2.07 £0.03 293 +0.12 - 10.39 £ 0.71 -
Il RS i verbenol - 5.19 + 0.27 6.19 + 0.29 - 7.00 + 0.47
1-H 2% naphthalene, 1-methyl- 519027 358+009 336+003 577+026 448 +0.19
L5 perillol - 1.82 £ 0.03 - - 4.98 + 0.37
K durenol 457 +0.13 330+0.09 1231+093 7.87 046 1585+ 1.36
L B 475 B verbenone 925 +0.73 229 +0.05 - - -
T citronellal 12.83 £ 095 4.55+0.36 6.63 £ 0.54 427 £ 0.31 -
JZ -5 T &M trans-isoeugenol 3299 + 241 4.86 + 031 9.17 £ 0.63 24.89 + 095 3.60 = 0.21
8-F2 5L HLWF . 8-hydroxylinalool 71.17 +£5.03 27.22 +3.03 11592 + 6.62 41.69 +3.29 54.31 + 5.07
Hi A 482 I barosma camphor - - - - -
2,6- " H %25 2,6-dimethylnaphthalene 1.18 + 0.02 3.13 +0.10 - - 2.14 +0.12
J2 -1 JE B trans-farnesol - - 5547 + 407 18.74 + 0.95 -
EFNEE cedrol - - 3.90 £ 0.29 - 6.65 = 0.54
Wil WSS B palustrol - - 2.96 + 0.31 - -
18 75 il santalol - - - - -
&AL BUEE nerolidol 52.03 + 6.01 - - - -
B palearinol 35.97 + 3.06 - 17.94 £ 0.74  52.04 + 3.75 -
Yl =7 FOR AR B A, R PEOE N T B AR

145 e X BRI T 1.7 A 47 A%, FEREAG EL X BRI N T 0.8 R 3.3 %5 Ak i I AR T 445 g 1
fi, 24 h B BB T 69% , Hifth AbHE v wE A 1D
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5.4 4% R REFIER 0 007 B BL S s 0k b i E, SIAE 6 b de i, IR EIXTIER 5.9 M ST . 2,3-T
P AR P I 14 35 i AE 03 S 38, 6 b Pk A R A 405 3K 1 % B 3.0 R 1.6 47, 24 h B T3 5.8 Al 11.6
B, PRS0 B LR S N T 3.7 R 15.0 %, EERES i dR SN T 5.6 A 14.4 7%, 2,4-C0 U-1-
mE. 1-CWE. 2,6- 1 EE-1,7-3F I -3-Be A i B p R A I 3, A BAEf A A A o

- 80 B 50 __—
600 =R =f sy =
EEF Hﬁ =
e b aig il 60| B 5 51 1 40r o %5 gt 0
X 400 30k
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= 40+
= 20
£ 2001 I
20+ 1oL
0 0 oLITH
0 6 12 24 0 6 12 24 0 6 12 24
t/h t/h t/h
A1 MRBHGELAETREE B2 WWBRGEELASTAH B3 WRBRGEA ST R B
R Hhe T T E AR RS R L EAe iy e e T
Figure 1  Changes of the contents of Figure 2 Changes of the contents of Figure 3 Changes of the contents of
terpenoids from the leaves of phenols from the leaves of alcohols from the leaves of
Artemisia  frigida under Artemisia  frigida  under Artemisia  frigida  under
mechanical damage mechanical damage mechanical damage

224 FAAsHhey LA BRWEIGIE . MRMEEIAL G WL, AUETEE R T T 57 R R A
Yo 5k e s s mAE i )a 12 h PR (B 4), S0 A e s 1A% AL, REERIIE
12 h J5 2R R, hEEMEEBOITE 12 h 58RI s 2,6- — 2R /e it A Ak B1US B, 7E 453475 56
FEACY LSl i, AEAb B[R] K B GR R 5 . BRAL S ACA 1A, S R s B
B, A A B AL R R — TR G A g, 24 b0 T ARG BRI N T 4.6 4% b R RN R A A 0
Jed Y, HITE 6 h ik Bl RAE, 5% BEOAR FL 200 3 1 6.1 71 4.8 45 (181 5) .
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X X
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®, L7t

L o L[TH

0 6 12 24 0 6 12 24
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B4 WD EASTHRFAERLGHEZENR BS5 IHMMGELETHRELSYGEST TR
Figure 4 Changes of the contents of aromatics from the leaves of Figure 5 Changes of the contents of ketones from the leaves of

Artemisia frigida under mechanical damage Artemisia frigida under mechanical damage
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W) B AN REAR S — o J0 e A2 7 5 = 2l b TP R i )R B MR 08 7, (LRI AG 1 SR 0k 4% ok
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XA RS . R EA —E e, R R RO Y TR L8ALA N . ok L ol el AT I
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