* 5720 ¢ FER 2022498 B53% $ 18 Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 18

6 R RMNERBNUFER ST KA. ATE LB

Mrtmak 12, Fohher2, My B2, [higH 2, A L2, )EE

1. R EESREAE G RIEE 226 25 AT T, TR S BIRFI AR M E st =, WAAMEEEE
TR =, Jbm 100193

2. FEESREAG G YRR 52 245 R YT T R BT, A AR IR R ST R E s s, ERPEAE
JRUTE P RREEF B 5=, R W 570311

W OE: BN WEAERRE. AEEDOTE 6 FlaEsimie WA TR ARG ER . % RHAM
k- AT A] B 1% B X (gas chromatography-time of flight mass spectrometry, GC-TOF MS) X 6 FlyyT &4 1 A4k 27 4313
T30, FFE HIERR 1,1- 2K F-2-=figF 2K (1,1-diphenyl-2-trinitrophenylhydrazine, DPPH) 5 2,2-% 7% W-(3- 2. 3L 2 I+
WGE AR I 6- B T ) 4% £k [ 2,2-azabis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt, ABTS] H HIEIGE ST, H 2 H Mg
Z¥# (lipopolysaccharide, LPS) 53 /MR FAZ B VLTI RAW264.7 75 15 . 455R  MIBARFE /KBS (TTS).
AR IR A ZFERUEM (TTC). BCEKF/KZERZEREM (BTS) HCELF B A ARCH M (BTC). AR K78 S 2810k i
(QNS) FIFFfEUTEEBIG A ZEBUFM (QNC) H %7€ b &8/ 718 48, 550 59, 71, 72 135 Fh, Frs & Wi/
T T EYNR S AGA0EB S B2 M08 81.42%. 87.84%. 89.03%. 62.05%. 63.83%F1 28.36%, Aidr 2-Q-# 2
YT A YA S B9 0. 04 0.25%. 22.42%. 17.48%. 60.42%. 6 M ENEIIY B A 7K DPPH M1 ABTS H i
KR, HFREIRZLE 0.5~5mgmL 5 [ F3EE R EE /1 R IEM . 3 FuKZESAMITERE M (BTS. TTS. QNS) X LPS
75 RAW264.7 YA H) - HAMHIR Z - (halfinhibitory concentration, ICso) 43514 18.61. 30.30. 18.05 pg/mL, T 3 FhiBIE
CO2 ZMPIAEHKGH (BTC. TTC. QNC) ¥ ICso {55373y 41.98. 38.45. 24.50 pg/mL. &8 I SRR HUGTA K R K 28
ATUTE R ML A A B ZBK, HAeB BN B 2 MR R R A TR A1 BELE A S R R —R_EU 55
R o AL, AR A B2 SR IER A 2-Q- K 45 BEREY . 3 FBIG AR E R s bR
DPPH H H&:f8 /158 F KR ZERUIERE M, PRGN, H 3 FoiERiIE+, A fiiaib bR 6 .
KHEIR: UUA: AN RSl ARGy PUELEEDT: PURTEME: 2-Q- R )t

FESES: R285.5 XEAPRERS: A XERES: 0253 -2670(2022)18 - 5720 - 11

DOI: 10.7501/j.issn.0253-2670.2022.18.015

Comparative analysis of chemical constituents and anti-oxidant and anti-
inflammatory activities of six representative agarwood essential oils

CHEN Xi-qin'>2, WANG Can-hong?, FENG Jian?, CHEN De-li?, WEI Jian-he'- 2, LIU Yang-yang>

1. National Engineering Laboratory for Breeding of Endangered Medicinal Materials, Ministry of Education of Key Laboratory of
Bioactive Substances and Resources Utilization of Chinese Herbal Medicine, Institute of Medicinal Plant Development, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing 100193, China

2. Key Laboratory of State Administration of Traditional Chinese Medicine for Agarwood Sustainable Utilization, Hainan Provincial
Key Laboratory of Resources Conservation and Development of Southern Medicine, Hainan Branch of Institute of Medicinal

Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Haikou 570311, China

Abstract: Objective To compare the compounds composition, antioxidant capacity and anti-inflammatory activity of six kinds of

agarwood essential oils from different sources and different extraction methods. Methods The chemical constituents of six agarwood

Wi HER: 2022-04-21

EeWH.: FEXRELIIRIRINHE (2018YFC1706403); A E AR IFRINIH (ZDYF2020163, ZDYF2020111); 1 EHEE R AR E ¥ 5
R G TREIE (2021-12M-1-032); EFKIARL N AR ERIEH (CARS-21)

1TEH R BRaliR, Fimil, WFEPhZEEHA . E-mail: 18359033886@163.com

SBEVEE: NP, TRAR, WLAESIN, MFE 220 m SRR RV L. Tel: (0898)31589000 E-mail: eadchris@163.com



FER 20226F98 $53% B18H  Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 18 * 5721

essential oils were analyzed by gas chromatography-time of flight mass spectrometry (GC-TOF MS), their free radical scavenging
abilities against 1,1-diphenyl-2-trinitrophenylhydrazine (DPPH) and 2,2-azabis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS) were detected, and effect of six agarwood essential oils on lipopolysaccharide (LPS)-induced RAW264.7 cells viabilities
were detected. Results The number of compounds identified from BTS (essential oil extracted by hydrodistillation from ordinary
agarwood of trunk-prunning), TTS (essential oil extracted by hydrodistillation from ordinary agarwood of Agar-Wit), QNS (essential
oil extracted by hydrodistillation from Chi-Nan agarwood of drilling), BTC (agarwood essential oil extracted by supercritical fluid
from ordinary agarwood of trunk-prunning), TTC (agarwood essential oil extracted by supercritical fluid from ordinary agarwood of
Agar-Wit), QNC (agarwood essential oil extracted by supercritical fluid from Chi-Nan agarwood of drilling) were 48, 55, 59, 71, 72
and 35, respectively; Total contents of aromatic compounds were 81.42%, 87.84%, 89.03%, 62.05%, 63.83% and 28.36%, respectively;
Contents of 2-(2-phenylethyl) chromones were 0, 0, 0.25%, 22.42%, 17.48% and 60.42% respectively. Six agarwood essential oils all
had the ability to scavenge DPPH and ABTS free radicals, and the essential oils were positively correlated with the free radical
scavenging ability between 0.5—5 mg/mL. Half inhibition concentration (ICso) of agarwood essential oils extracted by hydrodistillation
(BTS, TTS, QNS) on LPS-induced RAW264.7 cells were 18.61, 30.30, 18.05 pg/mL, and ICso values of three agarwood essential oils
extracted by supercritical fluid (BTC, TTC, QNC) were 41.98, 38.45, 24.50 ug/mL. Conclusion Agarwood essential oils extracted
by supercritical fluid contains more fatty acids and chromones, which is quite different from that of hydrodistillation. The chemical
constituents of essential oil obtained by same extraction method of BT and TT are similar, while Chi-Nan contains more aroma
substances and 2-(2-phenylethyl) chromones. DPPH radical scavenging ability of essential oils extracted by supercritical fluid is
stronger than that extracted by hydrodistillation, but the anti-inflammatory activity was the opposite. Among the three sources of
agarwood, Chi-Nan agarwood essential oil has the best anti-inflammatory ability.
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Table 1 Six agarwood essential oils
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Fig.1 Pictures of six agarwood essential oils
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Table 2 Chemical compositions of six agarwood essential oils
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74 ke RFX ey "B TS QNs BTC TIC QNG
I REERIE CoHnO 1246 396 375 051 201 188 072
2 (52)-13,13-dimethyl-11,12-diazatricyclo[8.2.1.0]trideca-5,11-diene CisHoN2 1398 016 010  0.18 — - =
3 4-(5,5-dimethylspiro[2.5]oct-4-y1)-2-butanone CuH2O0 1416 — 0.16 — — - —
4 1-(4,7,7-trimethylbicyclo[4.1.0]hept-3-en-3-yl)ethanone CHisO 1442 — — 0.27 — - =
5 pITERM Cisthe 1448 — — — a4 - —
6 (1R3aR 5aR 9aS)-1,4,4,7-tetramethyl-1,2,3,3a,4,5a,8 9-octahydrocyclopenta CisHuO 1451 0.48 — 0.26 — —_ -

[c]benzofuran
7 HEM CisHu 1456 — — — 013 — —
8 (4R 4aS,65)-4 4a-dimethyl-6-(prop-1-en-2-yl)-1,2,3,4,4a,5,6,7- CisHos 1472028 0.8 034 041 013 —
octahydronaphthalene
9 2-(4a,8-dimethyl-1,2,3,4,4a,5,6,7-octahydro-naphthalen-2-yl)-prop-2-en-1-ol CisHuO 1476 491 3.46 182 017 017 —

10 M CisHue 1490 — 020 — — — —
11 K CisHos 1500 — 023 014 016 — —
12 (3R,5aR,95,9a8)-2,2,5a,9-tetramethyloctahydro-2H-3,9a-methanobenzo[bloxepine  CisHO 1504 043 0.40 0.22 — —_ -
13 delta-guaiene CisHo 1508 — 0.21 011 024 — —
14 2,4-di-tert-butylphenol CuuHnO 1512 — 020 017 — - =
15 (1aR,3aR4R,7R 8aS)-1a,4,9,9-tetramethyloctahydro-3a,7-methanoazuleno[1,8a-b] CisH»O 1519 0.71 0.62 0.62 — - -

oxirene

16 1,4,6-trimethyl-1,2,3,3a,4,7,8,8a-octahydro-4,7-ethanoazulene CisHas 1528 0.48 0.50 0.80 — —_ -
17 alloaromadendrene oxide-(2) CisH4O 1531 018 012 046 — - —
18 2-(2,6,6-trimethylcyclohex-1-enyl)cyclopropanecarboxylic acid, methyl ester CiHn02 1542 — 0.14 — — - =
19 (8R,8aS)-8,8a-dimethyl-2-(propan-2-ylidene)-1,2,3,7,8 8a-hexahydronaphthalene ~ CisHx 1545 037 100 029 — - =
20 4,8 8-trimethyl-2-methylene-4-vinylbicyclo[5.2.0]nonane CisHo 1547 — 016 08 014 015 —

21 2-(4a,8-dimethyl-2,3,4,4a,5,6-hexahydro-naphthalen-2-yl)-prop-2-en-1-ol

CisHnO 1558 326 573  0.64 — -  —
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22 88,14-cedrandiol CisHsO2 1561 061 107 116 032 066 —
23 (4aS,8R)-4a,8-dimethyl-4,4a,5,6,7,8-hexahydronaphthalen-2(3H)-one CoHisO 1568  — — — — 010 —
24 heneicosapentaenoic acid methyl ester CpHu0O, 1572 — 017 026 017 018 —
25 (1RAS,55)-1,8-dimethyl-4-(prop-1-en-2-yl)spiro[4.5]dec-7-ene CisHos 1578 140  1.68 8.52 1.17 128 257
26 1,1,7,7a-tetramethyl-1a,2,6,7,7a,7b-hexahydro- 1 H-cyclopropa[a]naphthalene CisHx 1585 — 053 — — — —
27 2-[(2R4aR 8aS)-4a-methyl-8-methylenedecahydronaphthalen-2-yl]prop-2-en-1-ol  CisH4O 1587 192 088 368 037 070 —
28 (IR,78,E)-7-isopropyl-4,10-dimethylenecyclodec-5-enol CisHuO 1597 022 055 — — — —
29 HER CisHnO2 1601 —  — 035  — - -
30 eudesma-4(14),7(11)-diene CisHo 1605 055 028  0.62 — — —
31 (1S4S,7R)-1,4,9,9-tetramethyl-1,2,3,4,5,6,7,8-octahydro-4,7-methanoazulene CisHas 1610 022 027 0.81 — — —
32 2-[(2RA4aR 8aR)-4a,8-dimethyl-1,2,3,4,4a,5,6,8a-octahydronaphthalen-2-yl]prop-2- CisHO 1613 —  0.29 — 023 012 —
en-1-ol
33 WA Cishe 1615 270 355 19 084 061 —
34 cadinene CisHo 1625 270 719 322 127 052 —
35 (1R,3a$,8aS)-7-isopropyl-1,4-dimethyl-1,2,3,3a,6,8a-hexahydroazulene CisHa 1629 138 175 1.39 1.37 or  —
36 B-EHiE CisHu 1632 146 193 213 086 053 —
37 (-)-aristolene CisHu 1636 268 266 277 152 152 044
38 pethylbrene CisHo 1642 321 4,67 6.56 3.75 317 056
39 UIEIRhEE CisHieO 1644 822 778 925 633 530 144
40 selina-3,7(11)-diene CisHo 1649 — 016 — — — —

41 (R)-2-[(4aS,8aR)-4a-methyl-8-methylene-1,4,4a,5,6,7,8,8a-octahydronaphthalen-2-  CisH«O 1655 033 0.61 0.75 — — —
yl]propan-1-ol

42 (E)-2-[(8R,8aS$)-8,8a-dimethyl-3,4,6,7,8,8a-hexahydronaphthalen-2(1H)- CisHuO 1658 — — 0.31 1.71 072 —
ylidene]propan-1-ol

43 2-[(2R4aR)-4a,8-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalen-2-ylprop-2-en- ~ CisHsO 1660 026  2.30  2.01 0.63 057 —

1-ol
44 HminEg CisHuO 1663 696 565 39 032 026 038
45 44-dimethyl-3-(3-methylbut-3-enylidene)-2-methylenebicyclo[4.1.0]heptane CisHxn 1668 1.60  1.55 1.60 — — —
46 valencene CisHos 1676  — — 141 — — —
47 (E)-3-[(4S,7R,7aR)-3,7-dimethyl-2,4,5,6,7,7a-hexahydro-1H-inden-4-yl]-2- CisH2O 1678 234 067 239 126 077 071
methylacrylaldehyde
48  spiro[2.7]dec-4-ene, 1,1,5,6,6,9,9-heptamethyl-10-methylene CisHzo 1682 145 781 5.99 1.00 218 0.50
49 aristol-1(10)-en-9-ol CisH¥O 1688 1.64 183 — — — —
50 1(10),11-eremophiladien-9-one CisHnO 1689 — — 149 024 024 031
51 doconexent CoHnO2 1694  1.06 1.34 156 285 078 031
52 tricyclo[5.2.2.0(1,6)Jundecan-3-ol,2-methylene-6,8,8-trimethyl CisHuO 1706 — 094 — — — —
53 (1aR4a$,8aS)-4a,8 8-trimethyl-1,1a,4,4a,5,6,7,8-octahydrocyclopropa[d] CisHnO 1708 454  — 1171 0.47 1.18 145
naphthalene-2-carbaldehyde
54 6-(1,3-dimethyl-buta-1,3-dienyl)-1,5,5-trimethyl-7-oxa-bicyclo[4.1.0] CisHnO 1713 021 — 0.32 — — —
hept-2-ene
55 6-isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahydro-naphthalen-2-ol CisH4O 1716 128  0.74 1.88 0.54 087 047
56  cis-thujopsene CisHos 1723 — — — — 0.2 —
57  6-(1-hydroxymethylvinyl)-4,8a-dimethyl-3,5,6,7,8,8a-hexahydro-1H- CisHnO2 1723 — — 0.17 — — —
naphthalen-2-one
58  4,6,6-trimethyl-2-(3-methylbuta-1,3-dienyl)-3-oxatricyclo[5.1.0.0(2,4)]octane CisHnO 1727 — — 0.91 014 017 —
59 tricyclo[4.2.1.1(2,5)]deca-3,7-dien-9-one,10-butyl-10-hydroxy-stereoisomer CuHisO2 1729 352 419 055 — — —
60 3-epi-cedrenal CisHnO 1736 229 131 024 044 060 —
61 squamulosone CisH2O 1738 596 374 581 216 444 075
62 y-himachalene CisHos 1744 033 038 0.88 0.84 1.17 051
63 aristolone CisHnO 1748 — 0.4 — — — —
64 9,12-octadecadiynoic acid,methyl ester CioH30, 1748 — — — — 014 —

65 (E)-2-[(8R,8aS)-8,8a-dimethyl-3,4,6,7,8,8a-hexahydronaphthalen-2(1H)-ylidene] ~ CisH»O 1753 0.83 047 044 015 032 —
propanal
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66 6-[1-(hydroxymethyl)vinyl]-4,8a-dimethyl-4a,5,6,7,8,8a-hexahydro-2 CisH202 1756 - — 033 — 0.25 —
(1H)-naphthalenone

67 eudesm-4(14)-en-11-ol CisHa0 1760 075 048 037 322 2.69 0.74

68 dihydroagarofuran CisHa0 1777 - - — 0.38 0.26 —

09 BEIAE CisHasO 170 — — - 0.17 039  —

70 4a,5-dimethyl-3-(1-methylethylidene)-4,4a,5,6,7,8-hexahydro-2(3H)- CisH20 1788 446 940 3.85 120 1.42 2.34
naphthalenone

71 methyl 2-[(2R 4aR)-4a,8-dimethyl-1,2,3,4 4a,5,6,7-octahydronaphthalen- Ci6H2402 1792 043 — 024 0.15 0.13 —
2-ylJacrylate

72 (-)-spathulenol CisH20 1796 - — — 0.33 0.40 —

73 (2R,3R4aR,58,8aS)-2-hydroxy-4a,5-dimethyl-3-(prop-1-en-2-y1)-2,3,4, CisH202 1803 - — — 0.33 0.29 —
4a,5,6-hexahydronaphthalen-1(8aH)-one

74 (2a$,3aR,5a8,9bR)-2a,5a,9-trimethyl-2a,4,5,5a,6,7,8 9b-octahydro-2 H- CisH202 1805 046 046 038 — — —
naphtho[1,2-b]oxireno[2,3-c]furan

75 a-kessyl acetate Ci7H2303 1813 - - — 1.76 2.54 222

76 nootkatone CisH20 1817 033 023 031 5.59 9.42 3.37

77 6-[1-(hydroxymethyl)vinyl]-4,8a-dimethyl-1,2,4a,5,6,7,8,8a-octahydro-2- ~ CisHasO2 1824 - = — 0.16 0.35 —
naphthalenol

78 (4aR,5S)-1-hydroxy-4a,5-dimethyl-3-(propan-2-ylidene)-4,4a,5,6,7,8- CisH202 1829 - — 029 — — —
hexahydronaphthalen-2(3H)-one

79 propan-2-yl (5Z,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenoate Ca3H3602 1831 - — — 0.56 0.80 0.68

80 isospathulenol CisHuO 1840 - - — 1.39 0.95 —

81 4,7,10,13,16,19-docosahexaenoic acid,methyl ester Ca3H3402 1855 - — — 0.63 0.81 1.12

82 (3R,3aR4aS,5R 9aS)-3,5 8-trimethyl-3a,4,4,5,6,7,9,9a-octahydroazuleno ~ CisH220z 1862 025 018 — 0.73 0.24 —
[6,5-b]furan-2(3H)-one

83 10,12-tricosadiynoic acid, methyl ester C24Hao02 1865 - - — 3.50 433 1.61

84 methyl-4,7,10,13,16-docosapentaenoate Ca3H3602 1876 - — — 0.13 0.32 —

85 4-isopropyl-6-methyl-3,4,4a,7,8 8a-hexahydronaphthalene-1-carbaldehyde CisH220 1900 - - — 0.82 1.14 —

86 parthenium Ci5H2005 1904 - — — 0.40 0.43 0.41

87 hydroxyvalerenic acid CisH203 1908 - = — 0.39 — —

88 ylangenal CisH220 1921 - - — 1.06 1.92 0.49

89 bohlmann k2631 Ci5H200, 1927 - — — 0.69

90 5,8-dihydroxy-4a-methyl-4,4a,4b,5,6,7,8,8a,9,10-decahydro-2(3H)- CisH220s 1933 - — — 5.54 533 322
phenanthrenone

91 7-isopropenyl-6-methyl-3-methylene-6-vinylhexahydro-1-benzofuran- CisHx02 1940 - - — 0.48 0.47 0.40
2(3H)-one

92 dibutyl phthalate Ci6H2204 1956 1.03 — — — — —

93 (4aR,5S)-1-hydroxy-4a,5-dimethyl-3-(propan-2-ylidene)-4,4a,5,6- CisHx02 1957 - - — 6.48 3.89 4.19
tetrahydronaphthalen-2(3H)-one

94 methyl 4,7,10,13,16,19-docosahexaenoate Ca3H3402 1965 - — — — 0.18 —

95 methyl 9,11-octadecadiynoate Ci9H3002 1999 - - — 0.27 0.22 —

96 n-propyl 5,8,11,14,17-eicosapentaenoate Ca3Hs602 2018 - = — 0.44 1.73 0.58

97 58,11,14,17-eicosapentaenoic acid C20H3002 2032 - — — — 0.33 —

98 1,2,3,4-tetrakis(1-methylethylidene)cyclobutane Ci6Hos 2054 - — — 0.27 1.86 0.70

99 reynosin CisH200s 2061 - = — 0.14 — —

100 dehydrocostuslactone CisHisO2 2071 016 — — 0.83 1.17 0.67

101 propanoic acid,2-methyl-(dodecahydro-6a-hydroxy-9a-methyl-3-methylene-  Ci9Ha606 2094 - - — — 0.12 —
2,9-dioxoazuleno[4,5-b]furan-6-yl)methyl ester

102 butyl 4,7,10,13,16,19-docosahexaenoate Ca26H4002 2106 - — — 0.22 0.22 —

103 (1E)-1,5-diphenyl-1-penten-3-one Ci7Hi0 2159 - - — 0.17 0.19 —

104 2-Q-% 23 CrHuO: 2239 — — 025 1201 937 3086

105 6-FEHE-2-2-7 2. H%) CisHisOs 2615 — —  — 523 371 1.13

106 2-[2-(4-FAHER) 25 B CisHiOs 26200 — — — 180 213 2678

107 erucylamide CxH4NO 2785 —  — 019 0.38 0.51 0.40

108 squalene CaoHso 2833 - - — 0.21 — 0.61

109 5-methoxy-2-[4-(2-methoxyphenyl)-5-methyl- 1 H-pyrazol-3-yl]phenol CisHisN20s 2856 - - — 1.06 0.38 —

110 6,7-=HEH-2-(KE) Bl CoHisOs 2895 — —  — 338 227 165
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3.1.1 6 MUTERGMA R R Wk 2 B
N, MOBTS Hdse Ak &4 48 B, ik &
(1) 98.01%; M BTC %5 LAY 71 Fh, ARG
TR 96.16%; M TTS %52 b &9 55 F, g
SR 96.99%; M TTC %&b EM 72 Fl, 5
R B R 96.41%: M QNS $EWEY) 59 Hh,
AR S B 97.02%: M QNC BEWED 35
B, HRHE AR 95.29%.

AT IBAEEFINCRE 3 MTE BT
DUEAGIN, BTC M TTC Wb $iE s m 131
IR ZERRE W, HI I A A 9 32 B e 1 1R 2
A 2-2-2K ) R AY), [FIEE, BTC #1 TTC
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H BTS F1 TTS FAMFIEMIRE 2R &4, X
BRI 5 CO, EHUEANE: T /K AR R 2810, TRIK
REAE, HEAh, QNS H 5w AW s LI
e R G ECEY & T BTS AL TTS, X 5B &
& BEAEMEE WAL B, BT
QNC H1 2-Q- K )i iR, KK
PR T AE I R AL A& & b, LR T AR
—VEA R RN D B B A E AT R A 4
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Fig. 2 GC-MS total ion flow diagram of six agarwood

essential oils
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Fig. 3 Contents of compound in six agarwood essential oils
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AR AR A TG 18 2 7K 28 AR RS I A2 8 i 7
ABORE,  —F R A B AR, T AT A
TIEMZEBRK, FlZ QNC, X&HTF QNC &
AREM 2-Q-7K L3 OB &V IE ) 2 5
AR AT B 1 IE A i /> — 3/ #4053 734t Corthogonal
partial least-squares discrimination analysis, OPLS-
DA) B 73 M i ix 2 20 [A) i) 22 AR, AR
HEVERSS (variable importance in projection, VIP)
BRI EDAE 2-Q- K LHE)YEE (VIP 3.74),
spiro[2.7]dec-4-ene,1,1,5,6,6,9,9-heptamethyl-10-
methylene (VIP 2.68). 2-(4-methoxyphenethyl)-4H-
chromen-4-one (VIP 2.34). nootkatone (VIP 2.27)
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Fig. 5 DPPH free radical scavenging activity of agarwood

essential oil
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Fig. 6 ABTS free radical scavenging activity of agarwood
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Fig.7 Effect of six agarwood essential oils on RAW264.7 cells viability
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