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Analysis of Volatile Components of Essential Oil of Qi-Nan Agarwood
and Its Anti-inflammatory Activity in vitro

LU Hanjin'?, YANG Shengtao’, YUAN Yuan®, LIAO Liangkun®, ZHOU Wei’, ZHANG Yi', LI Jihua'**
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essing of Ministry of Agriculture and Rural Affairs, Zhanjiang, Guangdong 524001, China

Abstract: The aim of the study was to explore the anti-inflammatory activity of Qi-Nan essential oil (QEO) based on
component analysis combined with the cellular inflammation model. The volatile components of QEO were analyzed by
GC-MS. The antioxidant activity of QEO was detected by the measurement of DPPH radical scavenging and total anti-
oxidant capacity. Bioinformatics was used to predict the targets and signaling pathways of QEO related to inflammation.
NO and ROS levels were detected by fluorescent probe method. ELISA was used to detect the levels of inflammatory
factors TNF-a, IL-6 and IL-1B. Western blot was used to detect the expressions of P-P65, P65, IkB-a and P-IkB-a. The
main components of Qinan essential oil were 2-phenethyl-4H-chromen-4-one (50.08%), (-)-caryophyllene oxide
(8.45%), patchulane (6.46%), elemol (3.88%), 2-methyl-6-(2-propenyl)-phenol (2.78%). The DPPH radicals scavenging
of QEO was 51.98% at a concentration of 1 mg/mL and the total antioxidant capacity increased with the increase of
QEO in the concentration range of 1-10 mg/mL. There were 533 intersecting targets of QEO and inflammation, and
KEGG enrichment analysis showed that the main signaling pathways involved were MAPK, NF-«kB and PI3K-Akt
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pathways. QEO significantly reduced the production and expression levels of NO, ROS, TNF-a, IL-6 and IL-1p (P<
0.001). Meanwhile, the results of western blot showed that QEO also inhibited the expression of P-P65 and P-IkB-a
proteins (P<0.001). Therefore, QEO can achieve anti-inflammatory activity through reducing the production of ROS,
thereby inhibiting the activation of NF-kB signaling pathway and further drastically decrease the release of pro-infla-

mmatory cytokines. The results demonstrate that QEO has the potential to be developed as an inflammation inhibitor.
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B-Actin, —PiI4 H Santa Cruz 23 Fl.
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Tab. 1 Composition analysis of QEO

i P AR L& CAS %5 ¥ AER &
No.  RT/min Compound CAS No. Molecular formula Relative content/%
1 9.468  HiF % elemene 33880-83-0 CisHos 0.22
2 14.495 % 25E %A L4 a-bisabololoxide 26184-88-3 Ci5H2602 0.24
3 15112 4o(1,5-— 1P 3e-d- 005 32)-3-FF O 4 - 1 100572-83-6 C 1,0 0.21
4-(1,5-dimethyl-4-hexenyl)-3-cyclohexen-1-one
4 15.399 a-%ﬁ‘};ﬁ;‘ o-humulene 6753-98-6 CisHoy 0.58
5 15.601 ESdug patchulane 19078-35-4 CsHay 6.46
6 16.422  7,9- 7 F B8 il FEXUIA[4.3.1]58 6 - 10 129967-66-4 Ci2HisNO; 0.20
7,9-dimethyl-8-nitrobicyclo[4.3.1]decan-10-one
7 17.864 %0t eudesmol 98683-12-6 CisHz60 1.02
3 17.965 275 E p-mentha-1,8-dien-7-ol 536-59-4 CioHi60 0.52
9 18.126  HiZF s elemol 639-99-6 Cy5H,60 3.88
10 18.239 13-4 2 WIA[9.3.1]+ H kit 13-oxabicyclo[9.3.1]pentadecane 51547-45-6 Ci3H260 1.45
11 18.842 Q-E‘E‘kﬁ;‘-ll.@ q.copanne.ll-ol 41370-56-3 CsH,40 1.08
12 19361 13-00-(2-R I, 2- REER I IE)- T -2-45-1-150 CisHz0 1.01
1,3-bis-(2-cyclopropyl,2-methylcyclopropyl)-but-2-en-1-one
13 19.590 S HFBIGIHE ALY isoaromadendrene epoxide 85710-39-0 Ci5sH240 0.82
14 20.423 ET@%(_)_Caryophyllene oxide 1139-30-6 CysH»,0 8.45
15 20.872 1b,5,5,6a-PY H H-/\ G- 1-F L RN 552 - [a] i -6 Ci3H200, 0.32
1b,5,5,6a-tetramethyl-octahydro-1-oxa-cyclopropa[a]inden-6-one
16 21.520 A1) trans-caryophyllene 87-44-5 CisHos 0.46
17 21.631 1 33-=HE2-ZFHACHE 5293-90-3 Cy Hys 3.34
2-ethenyl-1,3,3-trimethyl-cyclohexene
18 21.797 Efyﬂ‘l‘@ isogeranio] 5944-20-7 CoH 50 1.76
19 22.384 iz ~(Z)-0- XU 25 4 PR A ALY cis-Z-a-bisabolene epoxide CisHa40 0.59
20 23.461 L EUY) valerenal 4176-16-3 C,5H»,0 1.10
21 24.332 A PENTE deoxysericealactone 19892-19-4 Ci6H2004 1.93
22 24.640  4-F J-3-(2-F HE-2-P 4 3 -2 (SH)- 1k I i 89902-23-8 CoH,,0, 0.20
4-methyl-3-(2-methyl-2-propenyl)-2(5H)-furanone
23 25343 yHiE K y-elemene 339154-91-5 CisHos 0.58
24 25.598 a-ﬁﬁ‘]ﬁ?ﬁ@ a-bisabolol 515-69-5 Ci5Hy60 0.24
25 26.412  ZE >3 MR andrographolide 5508-58-7 Cy0H;3005 0.54
26 26.541 q-#ﬁﬁ% a-bulnesene 3772-93-8 CsHyy 0.30
27 27.026 I+ USE-4,11- ¢ oxacyclotetradeca-4,11-diyne 6568-32-7 Ci3Hyi30 3.56
28 27.230 k14l pyrethrolone 487-67-2 C1H140, 0.69
29 28.896  B-#jiHHi B-vatirenene CisHa 0.26
30 32.589  2-(2-ZK LI (A 2-phenethyl-4H-chromen-4-one 61828-53-3 Ci7H 140, 50.08
31 33.055  2-4 PN Hk-6- 1 FEZK W) 2-methyl-6-(2-propenyl)-phenol 3354-58-3 CyoH,,0 2.78
32 33.180  1-7R-3-FJL-2-T 4 1-bromo-3-methyl-2-butene 870-63-3 CsHoBr 2.19
33 33.305 3-%%%%% 3-aminobenzenethiol 22948-02-3 CqH7NS 1.24
34 33.425 6N HLPE-1-Mi-4-E% 6-benzyloxyhept-1-en-4-ol C14H200, 0.34
35 33475 oM IE-3-(HERAE L) L -2- TR RS -1 11050-62-7 C13H4,058 0.24
2-methyl-3-(phenylsulfonyl)methyl-2-cyclopenten-1-one
36 33.545  2-(2,2,3,3-PY H FLIA A P 3L )-4-F 3 O R Ci5sH240, 0.42
2-(2,2,3,3tetramethylcyclopropylidenmethylidene)-4-methyl-hex
anoic acid

37 35.816 @Bﬁ:mﬁﬁ:ﬂzqﬁ:ﬁg‘ di.n-octyl phthalate 117-84-0 C24H3g04 0.47
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Fig. 1 GC-MS total ion chromatogram of QEO

:/// //////

\\\\\\\\\ 1
) DAk
Q8% B Al

B2 HHRAEHEHESMESHT
Fig. 2 Analysis of types of composition of QEO

entdt (6.46% ), MifFEE (3.88% ). 2-Ji N 2-6-
FHEOR T (2.78% ) o Hirr, AHX 3 i 5 g 1 B 53
H2-2-7R -, YL A QEO /) F 24 &
PR oy o AN, WERE M A AT o8 i
2-(2-H 2,3 - U R A A e i 3
LPS 55 RAW264.7 #iiffl NO it it =A4:, FH
HEA RIFmPtRIGENE
22 HELEHERAEAEERNE
ABFFEML 1~50 mg/mL ¥ JE L P QEO
Fx DPPH H HAmHE 1. MK 3A W LLE H QEO
X} DPPH [ i A&7 BR fE 1 B & QEO Mk B2 3 % i
Wk, EWEN 1 mg/mL B, QEO JEFEXRN
51.98%. WAL, AR A QEO ikk DPPH H
2L A BE J17E 20 mg/mL B3k 3 KME , B QEO
E 1~50 mg/mL 35 il 2 A — & 135 Bk DPPH H H &
(IEE 1. AN 3B Fizs, QEO MbtiafLat 11 sh
PIEZTHS AR Fe® S 3R . FeSO, Rk i<k [l
952K y=4.8772x+0.001, R*=0.9998, UiHHL
Rif, "THTFhERE S 0. 7€ 1~10 mg/mL
WL, K% QEO MK, Fer &z
N, /R QEO Mk ) Wiz g, vil] QEO
P A RE )] SR B —E M RUOC R o

Ve WRE
Concentration of Ve/(mg-mL™)

0 0.001 0.01 0.05 0.1
100 T T T T T 1

A A
S 8ot
¥ 2
gmﬁ 60
25
E § 40 - —— QEO
E 15 —a— V¢
E E 20 -
(=¥
a
0 ¢4
Il Il Il Il Il Il Il ]
0 1 2 5 10 20 50
QEO ¥
Concentration of QEO/(mg'mL™)
Ve W
Concentration of Vc/(mg-mL™)
0 0.01 0.02 0.05 0.1
0.25 T T T T 1
B
% 020
S
E fo1sy
3 S
g3
g 0.10 -
005}
0 | | | | |

QEO ¥
Concentration of QEO/(mg-mL™)

A: DPPH HHZETEERA; B: SHTAILAE
A: DPPH scavenging activity; B: Total antioxidant capacity.
3 FHHENERFHREAENE
Fig. 3 Antioxidant capacity of QEO
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Fig. 5 Anti-inflammatory core components and proteins of QEO
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Fig. 6 GO and KEGG enrichment analysis of QEO
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*** indicates extremly significant difference compared
with COG (P<0.001).
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Fig. 7 Effect of QEO concentration on RAW264.7 cell
viability
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Fig. 8 Effect of QEO on NO production in LPS-induced
RAW264.7 cells
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B9 FFiENEREEIT LPS 558 RAW264.7 20 NO 323K F 8 %500
Fig. 9 Effect of QEO on NO fluorescence level in LPS-induced RAW264.7 cells



559 4]

Wi 55 AR RRUCEAT i5 A 20 o3 M B OHAAR AN 9 T P 5T

1943

F = A it F 9 ROS, 3 ROS FIHL AL 2 1]
fdetly, V& mBEfezAl"Y, gt ROS 1Y
POGTREWME 10 Frax, Fl COG ML, LPS
P RAW264.7 4l il 7= = 7 K ) ROSHZ 3T 1,

10, 20 pg/mL QEO 4 FJ5 , 4H/fi N ROS B9 &% &
I IO PR A B 2 BRI ( P<0.001 ), Horf
20 ug/mLQEO AbFAHAYZ K F-5 COG HA
—3,

##R RS COG HEZE MR (P<0.001); ***3{IR5 MOG WA 3 (P<0.001),
### indicates extremly significant difference compared with COG (P<0.001); *** indicates extremly significant
difference compared with MOG (P<0.001)

B 10 QEO ¥f LPS FS# RAW264.7 41 ROS 7k FH#0E
Fig. 10 Effect of QEO on ROS levels in LPS-induced RAW264.7 cells
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Effect of QEO on inflammatory factors in LPS-induced RAW264.7 cells

BEAEATASE . R 12 7R, 4 RAW264.7 4l
#% LPS #il3#J)5 , P-P65 Fl P-IxB-o & ) F A
WERGIN (P<0.001), #R1, Zid QEO Myfiikh
FRAEN: B NI P-P65 il P-1xB-a 25 F Y



1944 o AE A F AR

445 8

A: EHENL; B: P-IxB-a HHEIL; C: P-P65 HHKIE; ###7R 5 COG WRERN R (P<0.001);
*EFIRE MOG W 2Z R E (P<0.001 ),
A: Protein imprinting map; B: P-IkB-a protein expression; C: P-P65 protein expression; ### indicates extremly significant difference com-
pared with COG (P<0.001); *** indicates extremly significant difference compared with MOG (P<0.001).

B 12 HiEERERIT LPS 58 RAW264.7 4l NF-kB {5 518 BAI 00
Fig. 12 Effect of QEO on NF-kB pathway in LPS-induced RAW?264.7 cells
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