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Identification of essential oils in Myrica rubra leaves and their inhibitory

effect on the proliferation of lung cancer A549 cell
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Abstract: [Objective] The secondary metabolites of essential oils in Myrica rubra leaves (MEO) have
antioxidant, antibacterial, anticancer and other biological activities. In this paper, the chemical composi-
tions and anti-cancer activity of MEO extracted from the leaves of four bayberry cultivars, ‘Ding’ ao’
‘Dongkui” ‘Wandao’ and ‘Biqi’, were analyzed. This study could provide a theoretical basis for the
development of natural anti-cancer drugs.[Methods]The essential oils were extracted with steam distil-
lation from the leaves of the four cultivars, ‘Ding’ ao’ (grown in Wenzhou, Zhejiang), ‘Dongkui’
(grown in Xianju, Zhejiang), ‘Wandao’ (grown in Zhoushan, Zhejiang) and ‘Bigi’ (grown in Yuyao,
Zhejiang). GC-MS was used to analyze the components and contents of essential oils. The chromato-
graphic analysis column was a HP-5 type (30 mx0.25 mmx0.25 pm). The initial was 50 ‘C, which was
kept for 1 min, rose to 250 degrees at 8 min and then maintained for 5 min. Carrier gas was high purity

helium with a flow rate of 1 mL- min"'. The temperature of the vaporizing chamber was 220 ‘C. The in-
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jection volume was 1 pL. The split ratio was 20:1. Mass spectrometry conditions included an EI source
with an ion source temperature of 200 ‘C, a solvent delay time of 2 min, and a mass range of 50-500 u.
Components were indentified based on the NIST’ 08 standard mass spectrometry database and related
literatures. The relative GC contents of volatile oils were calculated by area normalization method. And
then the compositions and contents of essential oils were comparatively analyzed. Human lung cancer
AS549 cells were used as the material to examine the inhibitory activities of four MEOs on the prolifera-
tion of the lung cancer A549 cells using 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
assay (MTT assay). The concentrations of MEOs used were 50, 75, 100, 125, 150, 175 and 200 pg- mL™".
The action durations were 24, 48, 72, 96 and 120 h, and the proliferation inhibition effect on human
lung cancer A549 cells was measured at these treatment time points. [Results] After analysis with GC-
MS, 34, 33, 41 and 33 components of MEOs were identified from ‘Ding’ a0’ ‘Dongkui’ ‘Wandao’
and ‘Bigi’, respectively, and the contents of the identified components accounted for 99.35%, 91.23%,
98.34% and 97% of total essential oils, respectively. MEOs included the three major components, such
as terpenes, terpenols and terpene ethers, and trace components, such as fatty acids, pyrrolidone, and
phenols, and so on. The contents of terpenes accounted for 63.58%, 74.13%, 72.12% and 52.42% of to-
tal essential oils in ‘Ding’ a0’ ‘Dongkui’ ‘Wandao’ and ‘Biqi’, respectively. The terpene compounds
of the essential oils in ‘Dongkui’ and ‘Wandao’ were significantly higher than those in ‘Dingao’ and
‘Biqi’. There were 11 components of the essential oils found in the four varieties of Myrica rubra. Fur-
thermore, 7, 6, 9 and 5 endemic components were found in the four kinds of MEOs from Myrica rubra,
‘Ding’ao’ ‘Dongkui’ ‘Wandao’ and ‘Bigqi’, respectively. The main components in the MEOs includ-
ed 12.85%-23.87% of beta caryophyllene, 19.27%-24.26% of alpha olefin, 1.15%-23.47% of humulus
nerolidol, 3.82%-7.51% of aromadendrene oxide, 2.93%-5.26% of caryophyllene oxide and 0.8%-5.2%
of d-cadinene. However, there were significant differences in the contents and components of MEOs
from different Myrica rubra varieties. The results displayed that the inhibitory effects of MEOs on lung
cancer A549 cells were dependent on both the action time and dose. After the action of 24 h, the lethal
dose IC50 of MEOs from ‘Ding’ ao’ ‘Dongkui’ ‘Wandao’ and ‘Biqi’ leaves were 127.24, 127.14,
118.03 and 123.62 pg- mL"', respectively. The antiproliferative activity of MEO from ‘Wandao’ was
slightly better than those from the other three varieties. [Conclusion] There were significant differences
in the essential oil compositions among the four cultivars. And all the MEOs had a remarkable inhibito-
ry activity on lung cancer A546 cells. However, the inhibitory effect of essential oils on the proliferation
of A546 cells did not differ significantly (p > 0.05) among different Myrica rubra varieties.

Key words: Myrica rubra essential oil (MEO); Component analysis; 3-(4,5-Dimethylthiazol -2-yl)-2,5-
diphenyltetrazolium bromide (MTT); Lung cancer; Proliferation inhibition

837

¥ (Myrica rubra Sieb. et Zuce.) & FL £
AR, EF=TUNLAE, REL 35T
T AN M RE A BT 4 KR M IE2B T2
A E AT FAE . B AR 2 B T
S MREEFR BT R R EERNTE
Y. =wEA &Y, BABUARD S 5 IR 5T S AR
P PR T R R B AR
H o Pttt , & — Rl K20 IR A
B [A) I 28 VR AS B DT VR SR BRI K AN T 1 1

KA, Ry IR, AR SR B N . Wt
Ik il 3 7 e CaCo-2 20 (K BTG JE A F 2 %5 , g
g S iR A I N 2 SR B R O vR T v e 2 B 4
A1) 7)) I IAC B2 S 488 0 e A A o v A S A A
2RI, I 18 95 A 968 200 1 B BE A
fie S A A M. Lenka 551K HI K 28 AR TRVE SR X
T PR i, R I RE DL RE AR T A A
25 s 10 g e 40 L 28 8 4 I Y

AR, S BRI A AT I, AL AR T 24



838 x® )

¥k #35%

WOAEAE TR 26 PEAN bR 52 A1, B 7 A e i L 3T
I+ B B O HEEBEVE it 123 IR AT AE S5 &
A EIME R WO SR B SR R
AU 245 52 B 3l S, 2B LR AT
S 58 v R 3 Al PG IR J AR e 2 U N P e
AS549 Ay BAT BRI PGSR . T HTE W
Pt R A8 55 Rt i R A VT L IR U 25400
TERHT R BEITRE T 0L VUK R At i as
Ty 22 S AT N i A549 240 i 384 GEA00 o) 0 1 1
W FE » 9T e B AR 27 25 W) (X R D U e 1 R 7
SRR LA, X 2 v Mt Ml BRI EL B AT B LY

1 MRV

1.1

CT G I CHT TR A D AR i G A
JED | BEREAAAE I GV 1D | 2235 H0 7 i GV 4%
W) MM B8 2 aCE) A DL EA S .

YA ZR « N A /IS 2 it e 240 Ak AS49 41 i, )
T A 0 B 4T

AR 25« SR BT - 0 15 B FH X Agilent 6890/
5973 (3= E 4R AH 2 8] B 258 (Nikon A F])D
A AL B 37 46 (Thermo A 7)) + £ T 8 i A5 X
(Thermo A &) .
1.2 7%
12.1 #ptgetifih g4 B R, L6
(VSR EE 2 N ZZ 18, 180 C Bl $2HL 4 h, Wi £E
FEIRIH M TE AR BREN I K T8, i . 44
S TR AR R S SR EDURH [, BN 10 k& it
o
122 ##Eet 4 ik 69 GC-MS o o4 (it 414
A NP5, 30 m >0.25 mm >0.25 bm ; FHEFRF
WG 50 CL, R FF1min, L8 C smin' F+ &
250 C, {A4F S min; 2 CNRAER S, U0 1 mL- min''s
IRACEIR 9220 °Cs d#EFE &R 1 1L, 43R 20: 1.

JRE &M B TR ONELYR, B TRIEE RN
200 °C 5 %5 77l 4ER 2 min, i &35 F N 50~500 u. K
FH 2% 1B NIST’ 08 b 4 51 i i S AH 5% SR 147 7 1 5
PATHIRRA — A it h B R R 3 AN GC 1 i
1.2.3 et 4 b 69 5% tm IR 38 s E 4 (D
I et 4 L A 549 35 32 5 AR K R A 1Y) it A
AB549 5 75, T 37 °C 5% (o) 480 B S M AN 5 3

BN WSS B A AT A 549 Jifigg 4 A, A if
YR TH BB T A MK, R 20 PRk B R R N
mL 30004, 8T 96 FLAR T, LA 90 uL,
R 46 2 43 9 n 50, 754100+ 125, 150 175 F1 200
ng m LGRS 10 ul , 6 HEZH INE 9598 10 pl

(DOMTT L5 . 7£24.48.72.96.120 h 54~ ]
MG FREE AT 4 h, W BESLAIIA 10 pL(5 mg-mL™)
MTT, 3577 4 h 5 s b2, M FLIIA 150 uL
DMSO ¥ fif 55 .45 iy, FHRE RIR ¥ 10 min {145 504
TR IR S FH AR ORI 25 L B WO FE (ODsio ) A
DA 2 /%= 1N 25 4 OD - % RE 41 ODE) / XJ
2 ODAE <100, T 5 A7 4 K 1 0t it i 4 i A 549 1)
] 28

2 HIR50H

2.1 AEGMIFEHAERRR S ER ST

KK R ARSI BOGRAIAGT RE I, 2%
TOETE A, B WAL 05 &S0, N SRE
IE =2 5y 23 it A il ) Rl R . 2 GC-MS
FRAHT, T ooty R M AE Mg 2255 4
F b M a4 1) 265 72 HH 3433041 AT 33 Fh o,
U TE B B B A ) o A R R AR 1 99.35%
91.23%98.34%F1 97% , F A 1% - o il A B8 Ik ¥ AL
BIL, B 1 RT 50, 4 B A IR i 6 R B B — 3,
%4> ¥4 T AE 14~18 min H &, (B S [ {4 B4 15 (8]
I oo A7 A 22 S 1 S TR 4 P A TS VR 7
S A —ENESR, W T M MR
f PP TE 4 min BT IR VG R, < AR AR, T ¢ 2
FEM LT o 4Tt RS s B AR 43
B AR AUE — L A AR R L.

R LA, T R MR 25
Foft 4 S 5t ol A M R el 1190 32 22 40 DA A 25
KR AN WA T MG AR < e Fe
kg ZEFER A SR RS i % 63.58% .
74.13% . 72.12%F1 52.42% , ¥ LA B-A0 75 I Al - 72 B2
W5 3, Forb 4 AN SORORE IR 3R I 2R A
A5 H, 5 BN B- AT AT S o-TE L L - T
Fe-4-W W H-1,2,3,4,42,5,68a- \EZE . (+)-g-H =
W~ d-FERANG , 76 AR 0L A0 B R A" IR Jeh v i 0
FUEMEEEEST T oM MM RE N
‘MR P AETEREA IR ARG R A R
57 8.97% , 1] o=~ ¥ H  d-FL AR I T - FEAA i 7E ¢ AR



el R 25 585 WM IR JHT R0 20 W7 B HL 0T il A 549 240 Jf 384 5 440 1l 41 FH 839

TIC: Ding'ao. D\data.ms

1800 000
1600 000
A

1400 000
1200 000
1000 000

800 000

600 000

400 000

200 000 J

L - Ll

400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Time/min

TIC: Dongkui. D\data.ms

1800 000 4 I
1600 000 B
1400 000 4
1200 000
1000 000
800 000
600 000
400 000
200 000 -

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.0022.00 24.00 26.00 28.00 30.00
Time/min
TIC: Wandao. D\data.ms

1800 000
1600 000 c
1400 000
1200 000
800 000
£ 600 000
400 000
200 000 [ l
| | D W PRIV

Relative Abundance

Relative Abundance

—_
[
(=
(=]
(=]
(=
S

Relative Abun

400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Time/min

TIC: Bigi. D\data.ms

Relative Abundance

1800 000
1600 000 D
1400 000
1200 000
1000 000
800 000
600 000
400 000
200 000 I I I [ I I
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Time/min
A, TAHE: B A C. ARG D. 2255 A
A. Dingao; B. Dongkui; C. Wandao; D. Biqi.
E1 #EHEheiE-RE s TR

Fig. 1 Total ion chromatogram of chromatographic and mass spectrometry of essential oils from Myrica rubra leaves
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Table 1 Analysis of essential oil components in the leaves of the four varieties of Myrica rubra

N AF e AHX} £ & The relative content/%
N ] s Noleculr Tone THH AR R SR
ormula Dingao Dongkui Wandao  Bigi
1 2-CJ%-1-F% 2-Cyclohexen-1-ol CH,0 JZ % Enol - 0.10 - -
2 I[EE Leaf alcohol C.H.,.O J#iBE Enol 0.17 - 0.48 -
3 IECUEE Hexyl alcohol CH..0 MR Alkanol 0.36 - 0.11 -
4 A-§EJGEE 4-Methyl-1-(1-methylethyl)-3-cyclohexen-1-ol CoHisO % Terpene alcohol - - - 0.11
5 JK#EH R Methyl salicylate C4H0; ZK % Phenyl chromone - - 0.12 0.07
6 2-3ACVfi-1- 2-Cyclohexen-1-ol CH,,O JfilE Enol - - 0.11 0.12
7 a-HEPE % a-Cubebene CisHy i} Terpene 0.13  0.18 - 2.42
8  o-AX %M o-ylangene CisHy i % Terpene - 0.43 0.21 0.30
9 a-JEM a-Pinene CisHy i /% Terpene - 0.72 0.71 -
10 B-Hi# /i B-elemene CisHay i i Terpene 0.93  0.44 0.36 0.57
11 (-S4 (-)-Caryophyllene CisHa i 45 Terpene - 0.85 0.02 0.27
12 a-fi71 )i a-Caryophyllene CisHu i)l Terpene 0.40 - - 0.41
13 B-%%'Md p-Lonone Ci;HyO 1 Terpene ketone - - 0.19 0.09
14 o-H 250 o-Gurjunene CisHy i )i Terpene - - 0.70 -
15 B-fi1r ¥ B-Caryophyllene CsHy i 7% Terpene 2387 2155  12.85 10.19
16 TFANM Cedrene CisHy it }% Terpene 0.21 - - 0.26
17 -5 RE-7-H 5E-4- FF JE-1,2,3,4 40,5,6,8a- \ & 2% CisHa 1475 Terpene 0.65 0.16 0.23 1.57
1-Isopropyl-7-methyl-4-methylene-1,2,3,4,4a,5,6,
8a-octahydronaphthalene
18 4% HE M Calamenene CisHa i) Terpene - - 0.22 -
19 (H)-FFE i Aromandendrene CisHx it} Terpene 0.25 1.84 1.60 -
20  o-f#E%5)E o-Humulene CisHy i} Terpene 20.60 20.59  19.27 24.25
21 (H)-g- 12 HM (+)-g-curjunene CsHy 1% Terpene 048  0.18 0.30 0.59
22 FHWE (-)-alloaromadendrene CisHy i % Terpene - 0.45 0.48 0.38
23 B-J7 i B-Selinene CisHa i 7 Terpene 1.50  6.04 - 1.13
24 0-ZH# ) a-Curcumene CisHas 1475 Terpene 0.19 - 0.67 -
25  d-KIf d-Longifolene CisHay i)l Terpene - 0.27 - -
26 3,7,11-=FH1%E-1,3,6,10- K- DU CisHa, % 4% Terpene 368 - 261 0.71
1,3,6,10-Dodecatetraene,3,7,11-trimethyl-,(3E,6E)-
27 (-)-g-k:kA M (-)-g-Cadinene CisHa i/ Terpene 0.42 - - -
28 d-#EfA M d-Cadinene CisHu 1475 Terpene 0.80 520 4.43 2.67
29 A% o-Muurolene CisHy 1% J#5 Terpene - 0.38 0.54 0.89
30 B-J &N B-patchoulene CisHy it} Terpene - - 2.58 -
31 AR Eremophilene CisHy i Jfii Terpene - - 6.39 -
32 a-/7 T a-Selinene CisHy it % Terpene 1.44  7.09 7.11 -
33 a-fLAA S a-Cadinene CisH, i Terpene - 0.50 2.52 1.04
34 1,2,3.4,4a,7- /N5 -1,6- " HE-4-(1-H 3 2328 CisHu 1% 45 Terpene - 0.21 0.29 0.39
1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1-
methylethyl)-Naphthalene
35  o-#IAf a-Cedrene CisHa %47 Terpene - - 0.27 -
36 1,2,3,6-VU L RUER[2.2.2]3 24 CuHw  Kiks Alkanes 116 045 - -
1,2,3,6-Tetramethylbicyclo[2.2.2]oct-2-ene
37 FEAEAUEE Nerolidol CisHxO i Terpene alcohol 1423 115 1221 23.47
38 WY\ E AL YI-(11) Ledene oxide-(11) CH:NO,  iiifif Terpene ether 197 - 0.87 -
39 HALATTM Caryophyllene oxide CisH,O  iifilif Terpene ether 432 526 2.93 3.02
40 4-FEJE-1-HJERS| W 1H-Indole,4-methoxy-1-methyl- CoH NO 15| Indole 0.62 - - -
41 % Camphene CiHis i /% Terpene 3.16 - - -
42 ()-RUIH I E (+)-spathulenol CisH»O i Terpene alcohol - - 0.52 -
43 FRIHE ALY Aromadendrene oxide CisH. O ¥ Terpene ether 3.82 447 4.11 7.51
44 oA a-loulnesene CisHay i/ Terpene - - 0.66 -
45 o- " EL B a-Calacorene CisHy Tifi )i Terpene - - - 0.31
46 K% ¥ Not identified C:HiO, - - - 0.54 -
47  +%Z8 Decahydronaphthalene CiHis i }% Terpene - - - 0.58
48 34-HIFE3- IR CNE-1-F CH,.0 R Wil Aldehydes 3.63 143 2.60 7.48
3-Cyclohexen-1-carboxaldehyde, 3,4-dimethyl-
49 1,5-00HE-2,3- T H - (1a,20,30,58)- 38 CUbE Ci:Hao fiek% Alkanes - 0.81 - -

Cyclohexane,1,5-diethenyl-2,3-dimethyl-,(1a,20,30,5p)-
50 B4 =Jf 1,4-Hexadiene,3-ethenyl-2,5-dimethyl- CioHis i /i Terpene - 1.50 - 3.84
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4B 1 0,
BB LAY i/[j\?lrfil ) S *EXJ &) ETh? relative gontnt/;ﬁ# :
No. Componcats olecular 1= TEH A Rkl EER
formula Dingao Dongkui Wandao  Bigi
51 10,10-H5E-2,6- 7 L XUA[7.2.0]+ —Ji-5-BF CisHO i Terpene alcohol 367 - - -
10,10-Dimethyl-2,6-dimethylenebicyclo[7.2.0]undecan-5f3-ol
52 R IHHED CisHuO i) Terpene 3.05 - - -
1,3b,6,6-Tetramethyldecahydro-1H-cyclopropa[7,8]
azuleno[4,5-b]oxirene
53 [1S-(lo,4a,50)]-4-FF - 1-(1-H1 3 £.38) "3 [3.1.0] & 4E-3-B]  CoH,O %M Terpene ketone - 0.69 - -
4-methyl-1-(1-methylethyl)-,[1S-(1a,40,50)]-Bicyclo[3.1.0]hexan-
3-one
54 FEGINE ALY Alloaromadendrene oxide CisHuO il Terpene ether - 0.85 - -
55 o-ERENEE CisH,O  iEE Terpene alcohol - 1.65 - 0.39
1- Naphthalenol,1,2,3,4,4a,7,8,8a- octahydro- 1,6- dimethyl- 4- (1-
methylethyl)-,(1R,4S,4aR,8aR)-
56 2-RFE-5-HIFE-9- T FI3E[4.4.0125- 144 CisHa % 4% Terpene - 3.88 4.14 -
Naphthalene, 1,2,3,5,6,7,8,8a- octahydro- 1- methyl- 6- methylene-4-
(1-methylethyl)-
57 PR CisHy i J# Terpene 1.82 - -
1,5-Cycloundecadiene, 1,4,4-trimethyl-8-methylene-,(1E,5E)-
58 B-AZfi B-Panasinsene CisHa i} Terpene - 2.88 -
59 1-ZMdk-1-H -4 -2 (2- FH R P - 1-J 55D R Bt CisHa % 4 Terpene - - - 0.64
1-ethenyl-1-methyl-4-methylidene-2 - (2-methylprop-1-enyl)cyclo-
heptane
60 (-)-S A -Fa B A CoH, O %M Terpene ketone - - - 0.42
Bicyclo[3.1.1]heptan-3-ol,6,6-dimethyl-2-methylene-, (1S,3R,5S)-
61  (+)-WIW\ (+)-Ledene CisHy i }% Terpene - 0.55 0.03 -
62  4-7TH-1,6- - F %% Cadalin CisHyg i % Terpene - 1.12 0.05 -
63 M J7FEEE Geranyl linalool CxHuO  #iEE Terpene alcohol 0.11 - - -
64 6,10,14-=F3L-2-+ FLJE R CisHiO %t Alkanone 0.13  0.14 0.39 0.19
2-Pentadecanone,6,10,14-trimethyl-
65 FFAHMEE Hexadecanal CHxO  JIBWif& Fatty aldehydes 043 - - -
66  FEAEPR Palmitic acid CiHxO  JIRITR Fatty acid 0.47 0.35 0.08
67 il Phytol CxHoO  fIRWIEE Fatty alcohol 038 - 0.53 0.40
68 2,27 -V I L -(4- 1 3E-6- 50 T FEZK ) Cx»H:0, M} Phenol 030  0.20 0.16 0.24

2,2’ -Methylenebis(6-tert-butyl-4-methylphenol)

LR MR R R SR B ST T S A
CEEFR, BARJE R AT AL, S S TEAS
IF] ot o A7 A IR il 22 S B3, T RS N R A AR
KIRIEA R 2 51 {6 B mi s 2 ) R A8 AR S M A 0%
TR G2 B E EOUR TR A —2K
&, BRTE AR ML Al R S A 2.8% PR, HoAh 3
AR S BT 12.21%, 76 23R SRS E
N 23.47% 4 AR R S B NS .
Tk A& F E AT IR S NS IR A A
B AR, N 7.04%~10.53%, Bk A ALY —
I A P AT A, T RE A il e S Ak S P ke
AN AER 5 A TS Btk R
075 28 L A R RN B SIX 3 K E AL AW, B Tl
(1T R T IS i T e A AR T 55 0 A7 TE, IR b A
VIR SRR & 2R, FE MRS AR e & ST
A — TR T M R M AR 2R
Bl 4 T RS T AE AR G A, o A T R

(11.46% ) + 6 Ff (4.22% ) . 9 Fl' (14.76% ) 1 5 Fh
(2.06%) , 177t WK 7o 18] R 70 00) 22 S 1 5l O R %
5y B A AR R , DA B 5 A A I it ol SR X e 3
BT AR RIS R = 25 R A R
2.2 FEISMHHEMRE BT AS49 AR IEE
HIEER 547

W TG R MR FER M AN 22T i
PR 78 4 ) FERH FRE  E ) R TR B2, 9 il I N )
BARIGFL T, 7 24.48.72.96.120 h 5 AN [a] 55 15
W 5E il AS49 20 M AF s 2, 45 R WK 2.

M2 HRT LA i AS49 4 i v 14 35 B 4
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