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A G H A B A I 22 5 Sl X R AS [ JE AR I 4 R PSS R R 1 0 A BT B T T
S (R AR [ B 485 B2 A 0 P B S YRR R I AR 0, B HE T AR e e i B R, A A5 R o A BT & Bt
5 SRS I 28 T M M8 S AR APz i e M A R AL T BOR S S R S

KGR DI DY, FEARMENY, SIETE, ARG, AU 6% - BTk (GC-MS)
RESHES: Q946 EFRIAEE: A ]
XEHS . 1000-3142(2020)09-1251-08 FHFZE(RIRERS) #RIRES (OSID):

Variation of volatile components of leaves from different
Aristolochia delavayi populations and its potential value

YU Yulong', GENG Yupeng', CHANG Na', CHEN Gao™*"

(1. School of Ecology and Environmental, Yunnan University, Kunming 650091, China; 2. Yunnan Key Laboratory for Integrative
Conservation of Plant Species with Extremely Small Populations, Kunming 650204, China; 3. Key Laboratory for
Plant Diversity and Biogeography of East Asia, Chinese Academy of Sciences, Kunming 650204, China )

WFs HHA: 2019-05-21
EETH: AR HRBEES NSFC-mH A BRERE (U1602264) ; FFR HARBIFI S (31670322) s A H S AR R AN
Kk NJE & AAHRIT B (2015HB091) 5 [ 5 5 5 8 & i R Bk 3 At 9% P58 2 & T 5 H (2017FY100100) [ Supported by the NSFC-
Yunnan Joint Fund (U1602264) ; the National Natural Science Foundation of China (31670322) ; Young Academic and Technical Leader
Raising Foundation of Yunnan Province (2015HB091) ; Base Resources Investigation Program of the National Key R & D Program of Sci-
ence and Technology (2017FY100100) ],
fEE RN FTER1994-) , 5 WEEHEHR A B E5EAE  AF 5807 R AR A 42, (E-mail ) yu_yulong94@ 163.com,,

CBAEEE . L B WSRO A RS AE 02, (E-mail ) chen_gao@ mail.kib.ac.cn,



1252 OO0 M W

Abstract ; In order to study the variation of volatile components from dried leaves of different Aristolochia delavayt popu-
lations, solid-phase microextraction followed by gas chromatography coupled with mass spectrometry detection was used
to analyze the chemical composition of these plants. The relative amount of each compound was determined by area nor-
malization method. The results showed that the main volatile component of dry leaves was ( E)-2-Decenal, which ac-
counted for 63.5%, 79.3%, 69.9% , 79.6% of the total volatile components, detected in the four populations of Shangri-
La, Lijiang, Chuxiong, Luquan, respectively. However, the samples belonging to the Huangping population, Heqing
County, showed a different volatile component pattern. The main volatile component from this population was bornyl ace-
tate (30.1%) and (E)-2-Decenal only accounted for 4.5% , which was significantly lower than that of in the samples of
the other four populations, and the possible reasons for the difference were analyzed and discussed. By analyzing the con-
tent of volatiles components in the leaves of A. delavayi, we identified the excellent germplasm of A. delavayi. At the
same time, the healthy and safe eating methods were put forward according to the situation of aristolochic acid contained
in the plant. The study also provides technical guidance and theoretical support for rational use of this traditional medici-
nal plant species and protection this endangered species in China.

Key words: Aristolochia delavayi, volatile components, ( E)-2-Decenal, solid-phase microextraction (SPME), gas
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chromatography-mass spectrometry ( GC-MS)

B DL 9048 (Aristolochia delavayi) J2 T JR 44 Bl
Th YRS TR 22 AF A 2 55 A A, DR G i S 0
2575 4 (h ERR 2 B v AR S i 2 2y
1988) (1 1) o DK FHCAR R AS B 5 8 & A 250l 2%
FHE )RR B AATR B R, X4 1L FUR (Fh 55 ifg
45,2008 ; PR 45 ,2018) o A T e PH AL AT
T DU )1 VG 350 8 4 v VT AR T B T 4%, 3R
A KAE 1 640~2 250 m (4 JCA LD | Fr B sl 45
TR vE I\ ) DL B 4 J2 9 W 22 Bk A 1 2 8 Ay
(4 4% W %, 1994 ; Yang et al., 2014 ; 1 3C {3 %,
2017) , 2R E SRR LR E NS A HEY
(Chen et al., 2015) , [A] Bt 2 — Fi 40 A b 3 £
R B A B FH A R R (RN SCHESE, 2010) , b )
FOBR T DA 25 B 4 3 A TR 0 & B b 38 )
LRI L AR O A (g T 2 ARG B AR el TR
B EBAEH (PN, 1987) . T YR R
25 AR RS, 5 B0z W Fh i BF A0 4 A R
K 2R A2, B b NS0 3h T 3O A B Y
PRAL LA S B AR 45 5 3R A H B A W 2 e v B0l
LI A R R AR AT Ja /0 i K s, HET, B g
BAAECH B R AR A P 410 45 ) AT B F AR IR
X ¥4 (international union for conservation of nature,
TUCN) 218,25 5% ) Hh B854 5 Sy B9 A= i A5 W) b (EN)
(ET A ,2017)

B Ih SRS RR IR S A AR R U T AR A
0 F2 B S -2 — B d T (NI 55, 19875 A
BRA 45 1995) . Li et al. (2013) %F Hi#% & 4k 2
W IEAT T VEAN I 50 AT, 45 R A ¥ b e 4
i 95 B2 43, K B WA Ry e -2 28 0 I O o
2R LA b BRE 2 (2018) 18 3 B 245 T 25 0% j s
454G GC-MS B AR BT - B Jr 8 i (1) 452 A 1 43 4
37500, 85 A 3 W s 5K -2-28 0 5 4 o 1 3
RAER AT 79.79% . Pk, B ETIA hy 5% 0 1 7T AE
S BT S YRAESRE I Y E R, SRR AR A (1995) BF
GER W T 5 SRR Il v A A R i DA -2 58 0
Ty 0 2B IR TR AL & W, R A% e~ & BHE
PIRASE S 10 5 A5, IR A 207 I 0 6 28 5 kL2 v
FYEHG I 34 A 700, r LR SR & A Ak & 9 i 5t
DY A R @ & T, 0t YR aoks
TMANTE T3 RE oK A 7 v B AR 9 R 4508 T,
1T L 2R 1 0 32 Bl 25 s 8 X 5 AL 1 240 7
WA BAT — % B0 1 M ik sl R — AT A
PG PE T i & R IE (Li et al., 2013)

FEXF I BT A1 5 I A b kB, i T B S g
B R R A B 25 7 W 58 A A I 3 9 1 0 T Bk
R ZU R 2 AR, X AT FE A B e R R
OS2 (0 R AR B AL T 5 B, TR R & BAS ) b B X
SRR AR T R TS 1) 4 K I SR B A AN TR] R Bk A R
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W PR 5E (1995 ) WF 5% B 3 WA 90 (A il £ A7 75
Tk Rep 5 TR R RO R & T A A TE 3R B
TE X, L2807 T 2 5 I I o % 4 O il N I 9 g
SRR 3 B, M DA BT I I AR i ) 4 2 T A
YRS IEIE S Bk KR R, Wk, &
AT AS [ it L DX 35§ 14 57 P W A% I 972 A 0
SYUEAT AT, R AR 5T B I YA HE e B AE A
[vi) oot 0 ) P R S R R R — B

AR 5T i BE X B A Ah B A 15 G0 500 (AR A i
82013 2536 M55 ,2019) , SR FH [ AR A3 4% - <)
[ E T NI S =L VA | N AN N =
PREGHE 28 M kB 2 Ak 4 I 2R & A O[] B
o TR 1 B I YRS R ) I A R S R AT AR R
555307, 38 3k X5 AN [ S AR bR 4 Pk A3 AR
PR 2 S5 1 B ARG O 3 RS R T T S
ERE TR I AR, S LS A BT KRR, TS 43 R
PN, L B R el s 4 1 s R 1% e &
J5 AR B gt R 0 SR R 2= A 4l

1A

1.1 &7

H A A [ 1 B DX 3 i) S i 5 i I o 4%
A BARCREFE R 1, POBERAE 5 1A [F Y 45
T ARIT,
1.2 /&
1.2.1 A ER(REBERLERS) 50 FRE
AN [ 3 B IR T A R 3 g, BT RS A i
F 20 mL T 2zs ZEBOR B, A ZEBUR FOIA 10 L
PIbR (G H B 1 A7 19 1 T8 720 ng) |, RGP &k
W FRIAT AR, A 65 wm DVB/PDMS A HL
ST 35 C T2 ZEH 45 min, T 200 °C 54k 25 /W
5 min, FEANELKFRFES % Chen et al. (2015) [
AT GC-MS 43 v, bl 45 & Ve o 1Y A e
P, 430 B[R] — J8 3 1) AS [R) A AR I e 25 64T 3 IR
HE LR,
1.2.2 GC-MS o # Kk H 3 E Agilent Technologies
NV PR HP6890GC/5973MS B A AH (0, 1%/ i 31
B AL, AM 3% 25 144 HP-5MS 1 35 B 4145 A
(30 m x 0.25 mm x 0.25 pm) ; ARG K 40 C

1545 5 min, FEFTHE 5 °C - min™, & 280 °C ; H:
4 1.0 mL - min s AR T 250 °C 5 HEHTH 100
kPa; A 1.0 wL; M0 HE 10 @ ;A R4l A
o MS &M B R EL T RER 70 oV L4
R 250 °C 5 B F I E 230 °C; VU9 L E
150 °C ; JBi it A4 75l 35~500 amu,
1.3 iR

K H Wiley7n. 1 1% 2 K5 % 2 MR8 A BT 0 5 51
B I I 4 R M Ak 2 B A, e RO T B — R ko
B 5 2 43 1) D6 T RRURE X T 4 o, O T OE
The e s 0 A R B Al BF FH7E Sigma 13K
PR B i BE X 2 B o -2 B8 O T ) LS

2 HR G5

AT PN LA [R) iy B DX 38 Ay B o 1 oA
kg 46 MEE Y, B LK 2, Hbk AR
M AL = S JE REAR AR R R 16 R
PERSAY, SRR 97.86% , WYL KH %
JERE RIS e 1 26 DHERMERT, 5 B A MK
I3 99.13% , FEMERRSN £ E R AL sE il 22 A
ER LAY, AT K M Ry 1) 98.58% 3 N
B IR R E 24 MERYESY b BIER
PERT 1Y 97.93% , TE K B S PR 1Y 5 i AE b i
R BT 30 MR R ME Y, 5 AR R PE L S
Y 94.56% SRIMTH AR LGRS
RIS TR 22 5 B 0, HAR L3R 3 |t ml L BR
Tk BB b DX JE AR A At DY A Bl DXk YR Y
GURE TRl e o R W o B WA
1, H 43 i o5 45 R P B R R A R 63.47%
79.31% .69.91% ,79.57% , X 5 Z B iF 58 19 45 S A
fI(Li et al., 2013 ; FR45,2018) o 53 4h, il 4 Xt
ABOGIRE AR N BR (IE T 08 ) #e54, Ek
FAJEFE A TS AL bR T 0 RV 2 B n g/
TR %S 0 T ) & 43 il O 17.31,21.63,19.06,
21.70.1.22 ng, MLL EZ5RATLIEH kA KA
TRy T J T 00 AR It 40 25 1 i v B8 0 T A
A2 1o Pk DL B A O B o 1 RO, ELAE TR N B
AR E M,



A SRR B AR, C. MFERE; D. KAERE; E. 28U,
A. Sanba population; B. Luquan population; C. Huangping population; D. Daju population; E. Tiesuo population.

BT BTSSR TR H ARA B P AU RERR S D

Fig. 1 Mature individuals of Aristolochia delavayi populations in their natural habitats

1 AHERERXERER
Table 1  Collection information of Aristolochia delavayi

GPS 5 &
YrFp SRAE Hb AT, EIEbRA S
Species Location 2 i o5 Jig Pk Vouchers
Latitude Longitude Altitude (m)
e AR BRI =S 100°13'34" E 27°18'59" N 1 896 Yu2018-08-01
Aristolochia Sanba Township, Shangri-La City (SB)
delavayi SHEWITT KRS 100°14'13" E 27°20'03" N 1732 Yu2018-09-02

Daju Township, Lijiang City,
Yunnan (DJ)

= A DG B 100°26'37" E 26°01'40" N 2001 Yu2018-09-04
Huangping Township, Heqing County,
Yunnan ( HP)

=M EME T Rk kB 100°58'09" E 26°14'27" N 1322 Yu2018-09-06
Tiesuo Township, Dayao County,
Chuxiong City, Yunnan (TS)

mrE RUImT R ENR S 102°45'19" E 26°09'29” N 1220 Yu2018-09-17
Zehei Township, Luquan County,
Kunming City, Yunnan (LQ)
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Table 2 Relative contents of volatile components from leaves of five Aristolochia delavayi populations (n=3)

AEX] % 12 Relative content (%)

H5  EW

No. Compound R

p ) R TS =% SB A LQ B HP

1 CL¥ Hexanal 0.04 = 0.03  0.05 + 0.04 0.18 = 0.12 1.63 = 0.09
2 L Hexanol 1.20 = 0.18

3 T-}# Nonene 0.07 = 0.01 0.06 = 0.05  5.64 + 0.32
4 B Heptanal 0.11 + 0.03 033 +0.13 024 £0.12  2.60 + 0.38
5 )3 Heptanol 3.34 + 0.33
6 =R Tricyclene 0.28 + 0.20
7 a-JEH a-Pinene 0.13 = 0.04  0.88 + 1.06 0.07 + 0.05

8 X4 Camphene 0.09 + 0.02 1.00 + 1.30 0.05+0.03  2.04 +0.18
9 13475 -3-H 1-Penten-3-one 1.66 + 0.41
10 M Sabinene 0.14 + 0.04  0.27 + 0.18 0.10 + 0.08

11 B-JEM% B-Pinene 0.58 + 0.15 1.08 = 0.71 0.56 + 0.19  0.62 +0.08  0.33 = 0.25
12 AWM Myrcene 5.66+2.49 561 +095 624=+142 517+ 1.56

13 @& Octanal 0.52 + 0.07  0.60 + 0.31 1.54 + 0.56  0.98 + 0.50  12.83 + 2.16
14 L TRCUHR Hexyl acetate 0.08 + 0.02

15  (E)-ZBR-2-C4-1-B2l (2E) -Hexenyl acetate  0.68 + 0.13 0.89 + 0.39 0.27 = 0.19
16 2-TN IR L 2-Propyleyclopentanone 1.62 £ 0.14
17 HIEPIFEI 6-Methyl-5-hepten-2-one 0.76 = 0.09
18 FrBEM Limonene 0.36 + 0.11 0.70 + 0.34  0.26 + 0.21 0.39 + 0.03

19 2-FJEE 2-Octenal 1.63 + 0.22 1.00 + 0.46 1.22 + 0.27 1.63 +0.50  0.48 + 0.04
20 2-2 [l 2-Octanone 2.99 + 0.47
21 A REEA LY Cis-Linalool oxide 0.17 £ 0.12  0.40 + 0.29  2.42 + 1.91 0.27 + 0.05  5.94 + 2.68
22 F5HEEE Linalool 0.91 + 0.18 1.98 + 0.51 5.85 +2.54  0.38 + 0.34

23 XKW Apocamphor 0.76 = 0.54
24 T Nonanal 0.31 + 0.09  0.16 + 0.12  0.90 + 0.44 1.12 £ 0.70  2.49 + 0.34
25 2-F-il 2-Nonanone 6.94 + 0.69
26 (1R)-(+) - JEHH (+)-Nopinone 2.22 + 0.04
27 FEAAER Sabina ketone 0.48 + 0.02
28 PATE B Pinocarvone 0.47 £ 0.10
29 HREIFFHERE Epoxylinalool 0.72 + 0.51
30 RA2-TJFE (E)-2-Nonenal 0.22 + 0.16

31 ¥R Octanoic acid 0.07 = 0.02  0.04 = 0.03 0.36 + 0.25

32 A -2-CHifE (E)-2-Hexenal 0.50 + 0.04  0.68 + 0.01 1.90 + 0.27  0.68 + 0.10

33 %% Decanal 1.45+0.30  1.43 £ 0.45  8.47 = 1.57 1.54 + 0.27 1.25 + 0.25
34 PO % A=A S) 2-(4-Methylphenyl ) propanol 2.93 + 0.28
35 X S N 3K E 4-Tsopropylbenzaldehyde 0.57 + 0.02
36 2-Z4 i 2-Decanone 0.29 + 0.21
37 Ja-2-B0E (E)-2-Decenal 79.31 £ 2.26 69.91 = 15.30 63.47 £ 8.77 79.57 = 1.14  4.47 = 0.98
38 LTRIENTE 1-Bornyl acetate 0.48 + 0.04 599 +7.66  0.85+0.16  0.55+ 0.18  30.27 + 2.49
39 Isophytol/SAHH W5 0.20 + 0.09

40 553k df Cyclosativene 0.37 + 0.27
41 2-FFEWEIE 2-Octylfuran 0.09 + 0.01 0.16 + 0.06

42 Ja-2,4-% IR (E, E)-2,4-Decadienal 0.06 + 0.01  0.05 + 0.04 0.12 = 0.04

43 3+ S 3-Dodecen-1-al 0.06 + 0.04

44 2R -2- 2 TR BS Ji ik (E)-2-Decenyl acetate 0.38 + 0.06

45 HAHEMEEE 2-Dodecenal 5.08 +0.90 534+ 1.03 273046 523+ 1.64

46 FLAME d-Cadinene 1.07 + 0.42 0.78 + 0.12 2.36 + 0.48 0.33 £ 0.26

T B =P bniE 2. DY KRJERE; TS, SRR, SB. —HURRE; LQ. MothEiE; HP. BIFmE. T,
Note: Value=x+s. DJ. Daju population; TS. Tiesuo population; SB. Sanba population; LQ. Luquan population; HP. Huangping popula-

tion. The same below.
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Table 3 Relative contents of major volatile components

from leaves of five Aristolochia delavayi populations

AHXS 2
FEHE RS Relative content ( % )
Major volatile
component =z KA BB R WY

SB DJ TS LQ HP

J R -2- 25 W 63.47 7931 69.91 79.57  4.47
(E)-2-Decenal

LS 8.47 1.45 1.43 1.54 1.25
Decanal

ERER 6.24 566  5.61 5.17
Myrcene

i 5.85 0.91 1.98 0.38
Linalool

2+ g 2.73 508 534 523
2-Dodecenal

23 1.22 1.63 1.00 1.63 0.48
2-Octenal

PRI i T 0.85 0.48 5.99 0.55  30.27
I-Bornyl acetate

I 1.54  0.52 0.60 0.98  12.83
Octanal

2-T:Fifd 6.94

2-Nonanone

3 kg

G I S B A A R B R R A DL
AR ) = 30URI DR B P i X 33 T 1 el DX R A
BR B A H KB 2 R A 6l B
W 8y 24 20 G i N A G A L, AR LA
DU S SRR T AR AR B B AR R AL 52 5
AR R R M R B R, T, OGS g R R 3
It (AAs) FECN S 520 | R BEAE T3 1 55 7] 2
B #1733 K & i ( Vanherweghem et al., 1993;
Nortier et al., 2000 ; Debelle et al., 2008 ; Ng et al.,
2017) . BREAE(2018) 57 il 28 2 s R Y
TUH g rh B SRR AN 1 A & B A U O
O3S B Th R g R R R YRR 1A
IS AT 1 o0 b, 2 R A, YRR 1 7E4
FRAT I BT BN 5.5.456.5 .1 680.4 pg - g, M
HOR AR b Sh SRR IR 1 Y 25 i 2 v [ 24 i)
(2010 i) BILAE I fcrms ERR (10 pg - g') . BT

PR S IR T A AR T e Y L FRAE, (H
Y F E AR R I FLAT A= W 1 8% A8 1 ( Grollman,
2013 ; Stiborova et al., 2017) , B BT H 3
TEFRIERH ., BTSRRI AEY TN A &M
(WkR = 55,2007 ) , PRI B 5 0 2 SR 4% 9 4 & Tl p AN
SEWEY B, I ARt F A TR
T B LUK FLHE &I o i O R, BT LA R 2
HJE R A% g8 & R — AT 2
2,

O F B I SRR ORS Th () B2 B A LA —
SERIESY, 25 I, R T 3 R DA R e Oy
R -2 — B (94.23% ) e -2-F — Bk
W (53.24% ) R N-2-28 M5 (52.00% ) (FML#E
A5 1987 A&k 45 1995 Li et al., 2013), LA I
TF 5T 351 5% FH 7K 78 18 10k B2 B, AEUHS T B 23 19 4 B )
AR, Al e b T 2810 b 3\ 8 & 5 80
Yy %) AL 2N i AR A 56 I Tl e AR AR AR, HL 3R AE
FIgE i 25 F I AN [R] 4 JBCE A ok A B B T BE 4
AR AR Ak ;T BB 5 R R 5% 5 MR R U
KA, MEREA b B 5 2O R AR 45 K Pk 4y
YRR K, AR A R BUK 25 18 1k B2 B
Yyt 5 J P4, T2 K R R s A (2018) 1Y 7
B, WL 7 SR A AT A B, R R SR A
T4 24 Mo N A8 >0 485 DL S AR 5 B ik I
2 BT T A PR WA A R PN R R T A AR
SEMERIZE S [RIA, bkt g b Rl SR AR 2T g
T 15 AN [) 6 85 2 7 A 52 ), 3R AT SR BRUR ) L ()
Z 7 VR AH TR A0 SR A I R e K PR R b T B
ik iR,

T B SRR I N ARG T BT I
M H & A 5 096 B k0 52 240 3 AN
Jig I BE (5K 4E, 2006 VT B 45 2013; Li et al.,
2013) . S4h, FEFRATT R A i & B, Y b R A AF
ZAEI TR R E R AR E R B X AT
A SRR BB EE R A G (LR s MER
4£,2002) , R FRATTIA S B 2 SRR RS T 2L A 3
SRIFRE Tk, R, 3 R G 3 % A IR AT R AR AL
FRAE, LA B AR AR BORS 0 T2, 7840 FF & R FH Bt
LSRRG I, AN AR B0 TR 28 7 ol 4 T B AR Y
25 B0 B4 R G B LB AL R R IR
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Wb FRAT A IR A BEF Y S A S HA JE R
TEAE R 35 R Ve SO Bl EAFTERCR 22 5%, 1
FE RTS8 T2 BEA R 0 R R A R S 1,
WCHE BT D g 44— R i TR R AR X AR AR i
MBS LA Kot 1 36 A= J7 sUHE AT T L&E, 90 40 1A
JE T TR R FERE . 2 R R T R UK 3
LSRR AR, 33X 5 A RO W 3 I 3 e R
BRAHEEL T, MRS LART A 5, 200 45 1 il
Oy FERIRAE AL G W, 7 A SRR R Y 2 AR
431 C R A 3 7 R ( Villberg et al., 1997 ;%
LR AF 20105 LR RAMOHT4E, 2011 ) , SR 1T 7E A AF
FEH A R 2 B0 AR B R A, AT HE I Sk Ao
AR R R R AT R A 4 AP A TR B T RS 1 < X
BN ( Thomsen et al., 2018) . 53 4h, 5 HiAlh
JeE PO SR ) R AR AR B AH LE % RO A e
B4 A JIE 5 4 VD VLS U 1 e 1L A B R DA
TR R £ 38R 12 03 A1 XN S I AR Y R
S A RS Y BT 55 R R HoSr i SRR T A
PR AN [F] 7 T B A i O A R, R
PERR BT 13K 25 5 DL R S B AR B 4 A (1%
JE AR S T At DU A S B VB8 H S 4 A R
MR —E TR B RR B ) I R R R N O
— 7% Fih 5 P B 59 7] G ( Francisco et al., 2008) , i
T R HAE BB S R A AT U BOR 855 40 T4 W)
ORI — LI E

SE .
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