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Analysis of essential oil in herbal pair Artemisia annua-Agastache
rugosa by GC-MS and chemometric resolution method
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Abstract: Gas chromatograph-mass spectrometry, chemometric resolution method (CRM) and overall volume
integration method were used to analyze the essential components of herbal pair Artemisia annua-Agastache
rugosa (AA-AR) and compare it with that of single herbs AA and AR.  The results showed that the components
of volatile oil of herbal pair (AA-AR) were different from that of single herb drug in quality and quantity. 70,
69, and 48 cssential components in essential oil of herbal pair (AA-AR), AA and AR were determined, accounting
for about 85.93%, 88.85% and 93.23% of the total volatile oil, respectively. The volatile active components
of the essential oils compounds in number are almost the sum of that of two single herbs, are mainly from herb
AA, and the contents of each component from herb AR were relatively high. There are 51 common active
constituents shared by herbal pair AA-AR and AA, and 34 common active constituents shared by herbal pair
AA-AR and AR. There are 7 new components in the essential oils of herbal pair AA-AR, the relative content of
artcannuic acid (2.99%) and p-propenyl-anisole (1.92%) are higher than others.
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TICs of volatile oils of Agastache rugosa (A), Artemisia annua (B) and herbal pair Artemisia annua-Agastache rugosa (C)
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Figure 2 TIC curve for peak cluster X in Figure 1C retention
time in 30.07-30.297 min
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Figure 3 Resolved chromatograms for peak cluster X in Figure
1C containing two components (a and b)
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Figure 4 Resolved (right) and the standard (left) mass spectrum of the X peak clusters in Figure 1C. a: cis-Z-a-bisabolol epoxide;

b: trans-longipinocarveol
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Table 1 Main chemical components of volatilc oils from Artemisia annua (AA), Agastache rugosa (AR) and herbal pair AA-AR
No. Component/molecular formula AN AR AAART Re.tenlion
rc st rc sr rc st index
1 a-Pinene/ Cioly6 0.10 95 0.07 95 886.349
2 Bicyclo[2.2.1]heptan-2-one, 1,3,3-trimethyl- / C;oH ;40 0.02 94 980.745
3 Eucalyptol / CjoH 130 0.21 93 0.23 89 981.818
4 1,5-Heptadien-4-one, 3,3,6-trimethyl- / Cjol,0 0.19 98 0.14 99 989.074
5 Bicyclo[2.2.1]heptan-2-one, 1,7,7-trimethyl-, (1R)- / C1oH,60 2.00 97 1.02 96 1 080.064
6  Bicyclo[3.1.1]heptan-3-ol, 6,6-dimethyl-2-mecthylene-, 0.57 95 0.24 96 1 080.843
[18-(1a,3a,5a)]- / C1oH 1,0
7 Anisole, p-allyl- / CyoH,,0 0.08 95  1081.429
8  Bicyclo[2.2.1]heptan-3-one, 6,6-dimethyl-2-methylene- / CioH; 40 0.35 89 0.15 89 1 083.981
9 Borneol / CyH,50 0.81 95 0.34 94 1 086.593
10 3-Cyclohexen-1-0l, 4-methyl-1-(1-methylethyl)- / CyoH 4O 041 89 0.13 93 1 089.504
11 1-Pentanone, 1-(2-furanyl)- / CoH,,0; 0.05 90 1 169.966
12 Anisole, p-propenyl- / CoH 12,0 1.92 97 1176.909
13 Benzylidenemalonaldchyde / CioHO 2.29 96 4.16 96 1.57 96 1183.389
14 4-Hydroxy-3-methylacetophenone / CoH 02 1.23 89 0.34 89 1189.597
15 Eugenol / CyoH,,0; 12.79 96 590 96 6.90 96 1 280.601
16  4,7-Methanoazulene, 1,2,3,4,5,6,7,8-octahydro-1,4,9,9- tetramethyl-, 2,27 95 0.82 95 1284.767
[18-(1a,4a,7a)]- /CisHas
17 Copacne /CsHaq 7.47 96 4.71 95 4.14 96 1286.657
18  Bicyclo[7.2.0Jundec-4-¢ne, 4,11,11-trimethyl-8-methylene- / CISH24 10.75 95 3.09 95 4.86 95 1375.102
19 2-Isopropenyl-4a,8-dimethyl-1,2,3,4,4a,5,6,8a-octahydronaphthalene / CysHas 3.56 88 2.68 89 1375.321
20 4,7,10-Cycloundccatricne, 1,1,4,8-tetramethyl-, cis, cis, cis- / Cystza 1.17 95 0.61 94 1376.782
21 1,6,10-Dodccatriene, 7,11-dimethyl-3-methylenc-, (Z)- /CsHaq 1.68 92 0.45 92 2.15 90 1377.250
22 Naphthalene, 1,2,3,5,6,7,8,8a-octahydro-1,8a-dimethyl-7-(1- methylethenyl)-, 0.95 91 0.08 90 0.14 88 1379.294
[1R-(1a,78,8aa)]- / C sHy4
23 Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4-methylene- 1 - 0.37 90 0.44 90 1379.408
(1-mcthylethyl)-, (1a,4aa,8aa)- / CysHys
24 Patchoulene / C sHys 0.46 95 0.54 90 1381.108
25 Eudesma-4(14),11-diene / C;sHaq 3.32 92 015 94 1.11 95 1 382.584
26 Azulene, 1,2,3,5,6,7,8,8a-octahydro-1,4-dimethyl-7-(1-methylcthenyl)-, 4.19 93 3.08 95 1383.210
[18-(1a,7a,8af3)]- / C sHay
27 1H-Cycloprop[c]azulene, 1a,2,3,4,4a,5,6,7b-octahydro-1,1,4,7-tetramethyl-, 2.56 90 1 383.607
[laR—(laa,4a,4a/3,7ba)]- / CsHay
28 Azulene, 1,2,3,4,5,6,7,8-octahydro-1,4-dimethyl-7-(1- methylethenyl)-, 0.51 91 1.61 90 1.18 89 1384.468
[15-(1a,4a,7a)]- / CisH,y
29 Germacrene D/ CisHy, 1.47 91 0.64 90 1379918
30 3-Allyl-6-methoxyphenyl acetate / C12H 1404 1.21 89 1387.895
31 Naphthalene, 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, 1.55 92 0.08 88 0.88 92 1442.056
(1S-cis)- / CysHyy
32 2-Butenal,2-methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-y1)- / C14Hz,0 1.33 85 1.27 85 1472.477
33 Thunbergol /CysH40 2.70 85 1.22 89 1475.281
34 Caryophyllene oxide /CsH;40 3.07 92 0.74 93 1475712
35 2-Naphthalenccarbonitrile  /C;,H;N, 0.51 91 1.99 89 1 478.956
36 3-Cyclohcxen-1-carboxaldchydc,S,4-dimcthyl- /CyH 1,0 1.03 87 1482.676
37 Cubenol /C;sH,,0 330 88 129 87  13568.507
38  Patchouli alcohol /CysH,Q 1523 8 1240 89 1570810
39 Longifolenaldehyde/C,sHy40 1.23 91 1 571.640
40 1,4‘Methanoazu1en—7(1Il)-one,Octahydro-4,8,9-tetramclhyl-,(+)-/C,5]1240 1.48 82 1572.225
4] 1-Oxaspiro[Z.5]octane,S,5-dimethy1-4-(3-methy1-1,3—butadienyl)— /C14H2,0 1.01 90 1 574.622
42 1, 2, 4-Trimethoxybenzene/Coll;,0; 2944 86 12.34 86 1574.853
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Continued
No. Component/molccular formula AA/% AR/% AA-AR/% Retention
) Ic sr rc sr rc sr index
43 Longipinocarveol,trans-/CysHy,0 237 87 0.57 86 1575.913
44  cis-Z-a-Bisabolol epoxide/CisHz240 0.81 88 0.38 87 1577.019
45  1-Cyclohexene-1-methanol, a,2,6,6-tctramethyl- / CysHz40 1.19 85 1577.863
46  Cyclohexanemethanol, 4-cthenyl-a,a,4-trimethyl-3- (1-methylethenyl)-, 1.03 85 1578.576
[1R-(1a,3a,48))- / C1sH260
47  (+)-Longicamphenylone /C4H2:0 2.65 88 1.35 87 1 666.507
48  Tetradecanoic acid /Ci4Hz00; 023 86 0.54 89 1668.738
49  2-Pentadccanone, 6,10,14-trimethyl- /CysH360 2.89 95 0.17 87 062 98 1678.153
50  Arteannuic acid/ CysH20; 299 98 1761.139
51 3,7,11,15-Tetramethyl-2-hexadecen-1-0l /CaoHagO 0.56 91 0.16 91 0.37 91 1 764.880
52 4-Tetradecyne 0.07 87 1 765.536
53 Hexadecanoic acid, methyl ester 0.04 93 1 857.899
54  Tridecanoic acid /C13Hz60; 5.99 90 499 90 822 90 1 865.254
55  9,12-Octadecadienoic acid (Z,2)- /Ci5H3,0; 0.69 93 1.15 93 1.75 90  2057.740
56 9-Octadecenoic acid, (E)- /Cis113402 0.11 90 047 94 064 94 2058072

rc: Relative content ; sr: Similarity rate
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