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GC-MS Analysis of Volatile Oil of Notopterygium inchum and Notopterygium franchetii

WANG Wei-hao", YANG Li-xin
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Beijing 100700, China)

[ Abstract] Objective: To study the volatile oil of Notopterygium inchum and N. franchetii by using
gas chromatography-mass spectrometry (GC-MS). Method: Ten batches of N. inchum and N. franchetii were
harvested from Sichuan and Gansu, including eight batches of wild samples, one batch of cultivated N. inchum
and one batch of cultivated N. franchetii. Volatile oil was extracted according to the methods in Chinese
Pharmacopeia, and the chemical constituents were analyzed with GC-MS technology. Result: Ninety-seven
chemical compounds were identified, including monoterpenes, sesquiterpenes and non-terpenes. The calculation
results of the relative content of chemical components showed that « -pinene (25.39%-41.68%) , B -pinene
(19.34%-40.95%) and limonene (4.59%-11.99%) were main compounds in volatile oil of N. inchum and
N. franchetii. Relative content of «-pinene was higher than that of B-pinene in wild N. inchum and cultivated
N. franchetii, while relative content of B-pinene was higher than that of a-pinene in wild N. franchetii. Relative
content of B-pinene in samples stored for one year was lower than that of newly harvested ones. The partial least
squares discriminant analysis with SIMCA-P+11.5 software showed that the samples from Gansu and Sichuan
provinces had no significant differences, and additionally, one-year-stored samples and newly-harvested samples
were clustered into two groups. Conclusion: This study showed that the storage had influence on the chemical

constituents of volatile oil in N. inchum, and it also revealed the differences in volatile oil components of wild
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and cultivated Notopterygium. The above mentioned work provided chemical basis for the pharmacology

comparison study of volatile oil from different kinds of N. inchum and N. franchetii.
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Fig.1 GC-MS chromatography of samples
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Table 2 Comparison of volatile ingredients of different variety of Notopterygium inchum

e X R 5 50/ %
EIRE . &Y 43R
/min 1 2 3 4 5 6 7 8 9 10
1 4.01 1-hexen-3-one C%-3-fil CH,0 003 002 001 0 001 003 0 001 001 0
2 4.49 hexanal O\ CH,0 002 003 002 003 011 041 007 03 038 0.36

3 5.28
SR
4 7.42 heptanal JEiE

5 816 1,7,7-trimethyl-tricyclo[2.2.1.0(2,6)heptane ff  C,;H,,
A
6 838 bicyclo[3.1.0]hex-2-ene, 2-methyl-5-( I-methyleth- C, H,,

yD)- DA

7 8.72 (+)2,6,6-trimethyl-bicyclo[3.1.1]hept-2-ene a-JE i  C, H

8  8.82
H3-(1-P R 3 - D M

9 897
letheny 7-O- A2 3R -[4.1.0]-1-F1 J-d-( 1-H1 3L 245
It ) Bkt

2-propenoic acid- 2-ethylhexyl ester 2-F /& f2-2-Z  C,,H,,0,

C,H,,0

cyclohexene,4-methl-3-(1-ethylethylidene) 4-H CoHy6

7-oxabicyclo[4.1.0]heptane, I-methyl-4-( 1-methy- C  H,,O

0.01 0.01 0.01 0 0.01 0.04 0.01 0.02 0.03 0.02

0.05 0.05 0.03 0.05 056 04 026 036 041 0.27
0.05 0.04 0.03 0.04 0.07 0.1 0.06 0.06 0.07 0.08

045 056 024 032 034 012 095 038 0.73 043

41.68 353 31.61 40.67 24.39 33.2 2992 28.1 25.64 29.24
0.01 0.01 0.01 0.01 0.01 001 001 0 5.67 9.28

0.01 0.01 0.01 O 0.01 0 0.01 0 0.01 0
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Ir . AR B4 53 50 %
w5 [latx?] 731
/min 1 2 3 4 5 6 7 8§ 9 10
10 9.18 camphene ¥/ CoHy6 0.67 058 046 0.67 088 1.26 0.84 083 1.11 1.06
11~ 9.41 bicyclo[3.1.0]hex-2-ene,4-methylene-1-( I-methy- C, H,, 0.02 0.01 0.02 0.02 0.13 0.12 0.1 0.09 0.17 0.11
lethyl)4-3F H 3E-1-( 1-H 3 2,38 ) - XWIR[3.1.0] 2 -2-H
12 10.25 alpha-phellandrene a-7K f i CoHy6 0.5 0 095 0 0 0 0 0 0 0
13 10.44 beta-pinene B-JK M CHy,s 2751 34.04 4095 247 1434 193 20.69 19.83 20.04 23.75
14 10.97 beta-myrcene B-H 4 CoHyg 0.52 099 082 0.68 028 038 043 039 049 043
15 11.45 octanol ¥ [ CH,,0 038 053 028 039 144 1.18 1.03 093 1.11 0.85
16 11.75 3-carene 3-H/ CoH,, 068 059 0.06 0.03 206 3.67 0.66 438 224 1.15
17 12.02 (+)-4-carene 4-3KJ# C,H¢ 0.83 055 046 134 071 143 154 122 129 135
18 12.41  1-methyl-2-( 1-methylethyl)-benzene 1-H! 3£-2-(1- C,H,, 0.24 055 089 549 1.79 191 538 3.74 336 241
ULE Y49 P 3
19 12.66 limonene f7:# Jfii CH¢ 11.96 459 1199 6.85 589 872 10.64 554 7.55 9.21
20 13.49  3,7-dimethyl-1,3,6-octatriene 3,7- 1 3-1,3,6- C,H,, 0.62 174 141 092 0.06 0.11 0.15 0.13 0.07 0.06
=
21 13.69 valeric acid, 4-tridecyl ester | = k¢ -4-1% 12 I C,H;0, 0.01 0 0 0 0 0.13 0 0 0 0
22 13.96 y-terpinene y-if i C,H, 152 201 193 3.84 235 3.68 853 4.16 496 4.08
23 1437  2-methyl-5-methyl-( I-ethyl)-bicyclo[3.1.0Thexan- C,;H O 0.02 0.02 0.01 0.02 0.09 0.03 0.03 0.06 0.02 0.03
2-012- {1 H-5-(1- 1 5k £, 3 ) - XUFR[3.1.0] 2 b -2- 85
24 15.28 cyclohexene, 1-methyl-4-( 1-methylethylidene) 544 C,,H,, 033 035 028 031 061 1.16 1.1 081 0.94 0.92
s
25 16.03 nonanal T CH, O 001 008 0 005 02 014 0.17 0.11 0.16 0.1
26 16.13 1,5,7-octatrien-3-o0l,3,7-dimethyl 1,5,7-3 =J&%- C,,H,,0 0.04 0.07 0 0 0.55 0.21 0.1 0.13 0.19 0.14
3-F,3,7- I gk
27 16.38 1,3,8-p-menthatriene 1,3, 8-T# fif — /& C,H, 0.01 0.01 0.01 0.01 0.02 0.03 0.02 001 002 0
28 16.55 exo-fenchol 4h-#f [ C,H, O 0.01 001 001 004 026 027 0 01 0 0
29 16.87  trans-2-cyclohexen-1-ol, 1-methyl-4-( I-methylethyl) C,;H, ;O 0.09 0.09 0.11 0.07 0 025 02 031 021 0.14
(Z)-1-H1 H-4-(1-H1 JE £, 3 ) -2- 3R L 4 -1 -5
30 17.02  3-cyclopentene-1-acetaldehyde,2,2,3-trimethyl- C,H,0 006 003 0.18 0.11 09 0.59 04 049 0.77 0.48
(T i J i )
31 17.66  bicyclo[3.1.1]heptan-3-ol, 6, 6-dimethyl-2-methy- C,;H,;O 0.09 0 0.07 0.05 036 041 0.1 035 0.74 0.48
lene-, (FA T )
32 17.82  (1R)-bicyclo[2.2.1]heptan-2-one, 1,7, 7-trimethyl C,;H,;O 0.01 0.09 0.15 0 0.11 0.13 028 0.18 024 0
(1R)1,7,7-=H J-XIR[2.2.11 B¢ -2-F
33 17.96  trans,trans-3,5-heptadien-2-one Z,Z-3,5-B _Ji- C,H, O 029 0.14 015 0 0 0.02 0 0 0 0
2-fid
34 18.14  1-(1,4-dimethyl-3-cyclohexen-1-yl)-ethanone 1- C,H0 0.07 0.07 004 003 028 024 0.19 013 0 0
(1,4- "W HE-3- 3R 2 I -1- L)
35 18.32 bicyclo[4.1.0]hept-2-ene A IR [4.1.0]¢-2-% CH,O 0 0 008 0 0.04 0.03 0 0 0 0
36 18.63 ()-2(10)-pinen-3-one 2(10)-FA s -3-fi C,H,0O 0 006 002 005 022 0.13 0.17 0 0 0
37 19.14 p-mentha-1,5-dien-8-ol (V¥ fof il -1, 5- /i -8-Fi% ) CoH©O 0 0 0 0 1.2 008 0.08 0.07 0 0
38 19.24  bicyclo[3.1.1]heptan-3-one, 2,6, 6-trimethyl-, (X C H,O 0.06 0 0.12 0.02 0.04 028 O 021 0 0.09
R[3.1.1]-2,2,6- = F 33 IR R
39 19.49 (-)-alpha-terpineol( a-#/ JH 5 ) C,H,; O 1.1 1.3 094 1.06 227 286 235 3.18 349 28
40 19.81 1,7,7trimethyl-bicyclo[2.2.1]heptan-2-011,7,7=  C,,H,O 0.16 0 0 007 027 0.17 003 0 0 0
L XUFR [2.2. 1] B -2- 5
41 20.29 y-carvomenthenol y-# il ) C,H O 017 01 021 0 163 17 058 07 181 152
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gR2
te AR B4 53 5%
ETR= L& g3 ¥
/min 1 2 3 4 5 6 7 8§ 9 10
42 208 6,6-dimethyl-bicyclo[3.1.1]hept-2-ene-2-ethanoliti C, H, O 0 0.02 0 0 0.09 0.18 0 0.16 0 0.09
> i

43 20.95  trans-2-cyclohexen-1-ol, 3-methyl-6-( I-methylethyl) C  H, O 0 0.01 0 0 0.17 0.11 0.11 0.14 1.81 0.15
Z-6-(1-F 3k £, 3 ) -3-F 230 O ffs - 1 -

44 21.05 E,E-2,6-dimethyl-3,5,7-octatriene-2-ol (E,E)-2, C,H,O 0 002 002 0 0 0 0 021 0 0
6- W 3-3,5,7- = Jf-2-BE

45 21.51  cis-2-cyclohexen-1-ol,2-methyl-5-( 1-methylethenyl) C,,H,0O 0 0.1 003 0 1.15 028 0.1 026 034 0.15
5T -2 B -5 (- 3 2, 0 6 ) -2- 3R O 0 - 1 -

46 21.64 2,6,6-trimethyl-acetatbicyclo[3.1.1]hept-2-en-4-01 C,H,;O, 0.04 0 0.03 0 0 0.17 0.1 0.13 0.15 0.06
2,6,6-=H JEIR[3.1.1]5F-2-45 -4-F5 2, FR TR

47 21.89 olivetol, dimethyl ether A, — H ik C,;H,,0, 0 0 0.06 0 0 0.04 0.05 0.07 023 0.12

48 21.99  4,6,6-trimethyl-bicyclo[3.1.1Thept-3-en-2-one4,6, C,,H,0 0.13 0.19 0.07 0 0 0.07 0.07 0.1 0.09 0.06
6-= P 3L, XU [3.1.1] 5 -3 -4 -2

49 22.11 1,2,3,4,5,6-hexamethyl-1,3-cyclohexadiene 1,  C,H,, 0 0.14 0.19 096 0.14 0.05 0.59 027 023 0.12
2,3,4,5,6- N HAE-1,3- 50 TR

50 2252 1,3,5,5,6,6-hexamethyl-1,3-cyclohexadiene 1,  C,,H,, 003 0 0.04 012 0 0.15 0.15 0.18 0.06 0.03
3,5,5,6,6-/N 1 Hk-1,3-37 0 0

51 22.84 (Z)-3-decen-1-ol (Z)-3-Z5 Bk C,H,0O 0 003 01 0 0 0 0.02 004 002 0
52 22.97 cis-p-mentha-2,8-dien-1-ol JIfi-%f-2, 8-Wifif —M-1-B% C,,H,O0 001 0 0 0 0 0.1 006 008 0 0

53 23.33 (Z)-2-decenal (Z)-Z$ )i & C,HO 0.03 0.18 0.03 021 047 039 033 0.28 035 026

54 23.86 4-(1l-methylethy)l-cyclohexene-1-carboxaldehyde C H,;O 0.05 0.12 0.06 0 0 0.18 0.12 0.14 0 0.12
4-(1-M 2 H)-1- 30 T4 -1- 1 B

55 24.4 bornyl acetate J¥ i £ B C,H,0, 125 1.62 082 256 199 159 095 185 141 093

56 24.79 2-undecanone + — k-2-fifl C,H,,0 0 0 0 0 0 0 0  0.03 004 0

57 25.03 (—)-trans-pinocarvyl acetate (—)-JZ -t & £ i C,H,;0, 0.04 0.11 003 0 0 0.1 0 0.16 0 0

58 25.84 2-methoxy-4-vinylphenol 2-H! 4 Jk-4- 2, 4 BE 2K CH,,0, 0.11 036 0 0.11 039 0.19 0.08 022 0.1 0.05

59 26.67 4-cyclohexane, I-ethenyl-1-methyl-2-( I-methyl- CH,, 0.01 0.02 0.01 003 0.19 005 0 0.05 0.04 0
ethenyl) 1-Z 4 He-1-H1 3-2-(1-H BL 2 5 38 ) -4- 30 2
i

60 2691 1,5-dimethyl-7-oxabicyclo[4.1.0]heptanel ,5-—H CH,,0  0.01 0.03 0 0 0.09 005 0 0.05 0 0
He-7-S I WUIR[4.1.0] B

61 27.23 alpha-cubebene a-HE Vi jifi i CisH,, 001 0 0 0 0.07 0.04 0.01 0.03 0 0
62 28.37 copaene B} CsH,, 0.04 0 0.02 002 0.19 01 0.01 0.09 005 0.03
63 28.53  1H-cyclopropa[a]naphthalene,la,2,3,5,6,7,7a, C,;H,, 0.02 0.04 003 0 0 0.03 0 0.03 0.02 0.05

7b-octahy H &

64 2885  2,5-bis(1,1-dimethylethyl)-thiophene 2,5-X((1, C,,H,S 0.14 0.07 0.05 0.04 0.5 009 0 0.14 0.04 0.04
1-Z T £ - )

65 29.1 1-ethenyl-1-methyl-2, 4-bis (1-methyletheny) C,H,, 0.04 0.2 0.18 0.1 0.79 0.18 045 0.31 0.13 0.1
cyclohexane 1-Z 0 3-1-H 3£-2, 4- X0 (1-H 3 20 3 -
H k)

66 3031 (—)-aristolene (—)-Th Y44 4 C.H, 009 035 042 006 034 009 0.16 0.03 0.06 0.03

67 30.65 1H-cycloprop[elazuleme, decahydro-1,1,7-trimeth CsH,, 0.01 007 O 0.24 0.04 0.06 0.1 0.03 0.07 0.04

68 30.93 thujopsene % BUAI 4 CsH,, 008 0.1 029 021 026 0.07 0.15 0.1 0.07 0.03

79 3122 (R)-1,5,5,9-tetramethyl-spiro[5.5]undeca-1,8-  CH,,  0.02 0 0 0.4 0.07 002 0 0 004 0
diene (R)-1,5,5,9-P4HI JLIA[S 5]+ —Hk-1,8- )

70 31.36  bicyclo[3.1.1]heptane, 6, 6-dimethyl-3-methylene Xt C,,H,,  0.64 0.02 0 0 0 0.02 0.05 0.05 0.03 0.14

FR[3.1.11B¢hE-6, 6-— F JE-3-3F F 5
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gk 2
I i I 5 40%
s " a7 S
/min 12 304 5 6 7 8 9 10
71 31.53 1,2,3,5,6,7,8,8a-octahydro-1,4-dimethyl-7- CH,, 0 086 059 059 1.02 0 0 054 0 0.14
azulene 1 22 /i
72 32.16  alpha-caryophyllene a-f 714 C H,, 048 043 0.14 003 004 025 007 021 0.1 0.08
73 3237 4,11, I1-trimethyl-8-methyle-bicyclo[7.2.0Jundec-4- CH,, 022 035 023 041 035 0 0.1 0.1 005 0
ene 4, 11, 11-= I H-8- I R UFR[7.2.0]+ — Bk -4-Hi
74 32.55 3,7,7-trimethyl-11-methylene-spiro[5.5]undec-2-  C,;H,, 0 0.01 0.02 023 0.03 0 0 0 0.13 0
ene 3,7,7- = H-11-0F H1 -85 5]+ — k-2 )
75 32.73  (+)-epi-bicyclosesquiphellandrene (+)#-WHfE  C,5H,, 0 0 0.02 0 0 0.02 0 0 0 0
ok R
76 33.78 alpha-muurolene < % /i CsH,, 0.09 0.04 0.15 0.11 031 0.02 0 0.04 0.03 0.04
77 33.98  diepi-.alpha.-cedrene epoxide W-FK-a-F R E C,H,O 0.09 0.02 004 0 0 002 0 0 0 0
(a7
78 34.21  bicyclo[5.3.0]decane, 2-methylene-5-(1-methyly)  C H,, 0.03 0 0 0 1.04 0.01 0.21 0.18 0.22 0.17
LFR[5.3.0158 bg-2-TF F KE-5-(1-H1 )
79 34.84  l-ethenyl-1-methyl-2-( 1-methylethenyl)-4- CH,, 046 044 028 O 1.23  0.14 028 0.23 0.15 0.07
cyclohexane 1-Z 0 3-1-H e -2-(1-H R 2155 )-
ke
80 35.62 n-propyl cinnamate( P H: i i 4 58 ) C,H,0, 058 054 033 0 0.07 033 0 03 023 0.17
81 35.77 l-methyl-4-(5-methyl-1-methylene-4-hexeny) CH,, 0 0 0 0.76 0.68 0.16 0.5 0.29 0.16 0.1
cyclohexene 1-F1 Jk-4-(5-F Bk -1 F BL-4-C0 0 ) I
o
82 36.21 shyobunone [ il CH, 0 026 0 021 0 103 065 052 1.04 07 0.4
83 36.92 naphthalene,1,2,3,5,6,8a-hexahydro-4,7- C,sH, 1.04 029 048 0.3 1.27 0.62 1.19 0.76 0.56 0.41
dimethy 4,7- 1 3£-1,2,3,5,6,8a-6 A %%
84 37.17 (R)-1,5,5,9-tetramethyl-spiro[5.5]undeca-1, 8- CH,, 0.18 021 013 0 0 0.13 0 0 0 0
diene (R)-1,5,5,9-VUH L4 [5.5] 1 —f-18-Js
85 37.38 dehydroxy-isocalamendiol fiit 2 -5 1 & i C;H,,0 013 017 0 0.1 1.35 036 02 1.04 059 038
86 39.06 cyclohexanemethanol4-ethenyl-.alpha., .alpha.,4- C,H,,O 0.61 038 0.15 0.07 0.07 022 0.09 033 021 0.13
trimethyl-3-( 1-methylethenyl) -1 7 [ -4- 2, 4
87 39.43 gamma-elemene y-Hi & M CsH,, 0.01 0.12 0.05 0 0 0.36 0.09 0 0.32 0.14
88 41.07 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-2-butanone C,,H,,0 0 0 0 035 0 0 0 0 0 0
4-(2,6,6-=H F_1-FRCHM-1-3%)-2- T il
89 41.34  I-hydroxy-1,7-dimethyl-4-isopropyl-2,7- CH,,0 0.14 0.16 0.07 0 035 0 0 0 0 0
cyclodecadiene 1-¥83E-1,7- " H 3 - 4-F N 3-2,
7-H % g
90 42.09 3,3,7,1l-tetramethy tricyclo[6.3.0.0(2,4)Jundec- C,;H,, 0.02 193 0 0 0 0 0 0 0 0
8-ene 3,3,7, 11-PUH JE-=37[6.3.0.0(2,4)]- 1 —Hk-
8-4
91 43.14  l-ethenyl-1-methyl-2-( 1-methylethenyl)-4- CH,, 0 0 0 0.04 0.06 0.11 0.09 0.11 0 0
cyclohexane 1-Z 0 3-1-H JE-2-(1-H B 255 ) -
e ke
92 43.72 guaiol &1 A% CH,O 085 134 0 023 1.03 032 007 0.07 026 0
93 44.62 caryophyllene oxide £1 174 A ALH C;H,,0 0.06 0 0 0 0 017 0 023 0.13 0.05
94 47.26 dehydroxy-isocalamendiol i }& -5 f1 & i — B CH,, 0 0 0 0 1.16 1.16 0 0 0 0 0.23
95 47.99 decahydro-1,1,3a-trimethyl-7methylene-1H- CH,,0O 0.14 009 0 022 1.08 0 0 0.11 0 0
cyclopropa[a]naphthalene 1H-¥ /N 3 -+ & %5
96 50.24  alpha,alpha2-naphthalenemethanol decahydro 2-H1  C,;H,,O 0.23 0.13 0 0.1 1.35 023 037 1.01 0.58 0.36
SRS
97 50.68 alpha-cadinol a-ft A CH, 0 057 018 0 017 216 01 0 036 0 0

- 158 -



5526 %45 23 1] FEXEAFIFERE Vol. 26, No. 23
20204 12 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2020
] (27.51%) & kLB 171, B9 B (11.96%) 5 B-1ik
o 21 Tl M e R0 o 043: 1 ER B B WE T, o- IR
EE{ 25 1 —— B-URA (35.30%) Fil B-TR 45 (34.04% ) % 7t b o — 34 Lb i 33
20 : —— P N N Sk AL N
B 15 T 11 FF A (4.59%) 5 B-TR I & B LB R 0.13:
LA INZ N N Lo Ho B 2 B0 96 (3 2 ) R B 95 036 0 (4
0

1 2 3 4 5 6 7 8 9 10

BgS
B2 ok, REMTEREIOCHERPESESHINE
Fig. 2 Line chart of relative contents about «a-pinene, S-pinene

and limonene in ten samples
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Fig. 3 Percentage of monoterpenes, sesquiterpenes and

y-terpinene of ten samples
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A7 92.25% , A5 2K 15 5.94%., 1F #% BE I I b Ak
E T I8MMEEY, G B 96.1%. i
1 K 87.77% A5 2K 7.96% ., 34 L) BT 4 s i A
h 2 M EFAESENE T, o - TR (41.68%) Fil B-R I

S B AR IR S T 70 MBIy, ks
B4y S B 99.94% , e f BLIRE 95.97%, 47 2k il A
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Fig. 4 Ratio line chart of relative contents of a -pinene and

limonene with B-pinene as reference
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