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PANLYE SEE VN Tt D)D) VDS B N N B
SR TR, B, B R, E A, 30

(1. B TP BE 2R 252005 V105 AT 210023 32, KIMKE 2= F9 48 B AR W e 25 i o o S0
= RE 671000;3.3C 1% FE =B BEZG2ARE, =8 SCLL 663000)

A4

W OE. L REFESTE RS AR RA BRI K FE RS ATH R AR A8 &3 - 5 B R 3K (gas chromat—
ograph—mass spectrometer, GC—MS) %t 3 i 47 547 , K A M@ A2 — ALk it F At &3 e N F Ak 2 L a7 &
RARE R A KA A G ELZRE 078 R & 508 % #5 (lipopolysaccharide, LPS ) # § 89 RAW264.7 X 2 4¢
A | 4w e b E R P R % 3R 58 B T —a(tumor necrosis factor—o, TNF—a ) #9483 . 25 2 & 1 ,GC-MS 24 & 30 4% %
2 18 AL A d, & Bk @ AR 09 87.58% , kM KA A M b 83.26%, A FR SR A (+)-FHH(31.56%) . %
oM (20.29% ) (=) —a—F ZH(12.90% ) ; K G S 2 X ERNHRYE KMAFRE O EA%E A —
RGP A AR Bz oty i A R % AR E T A A ) RAW264.7 28 2 INOS mRNA #9 & 1%, B3t TNF-—a mRNA #9 &% &
LE R TNF-a 89 ik H e 35, K3 TR b B A — & 69 30 1 A= 3 h) B4 B33 K 2 48 X B iNOS 89 7% /1 ,GC—
MS TTAEA bk AR E M T %,

KB KG9 T AN A A48 &35 - B (GC-MS ) ; 371 ;40 X

Component Analysis and in vitro Activity of Essential Oils from Cedrus atlantica
ZHU Ling', LU Xi—xing®, XUE Nan-nan'?, CHEN Jin—hu?>, WANG Meng-ru?, XIN Wen—feng®*
(1. College of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, Jiangsu, China;

2. Yunnan Provincial Key Laboratory of Entomological Biopharmaceutical R & D, Dali University, Dali
671000, Yunnan, Chinaj; 3. College of Notoginseng Medicine and Pharmacy, Wenshan University, Wenshan
663000, Yunnan, China)

Abstract: To study the components and in vitro antibacterial and anti—inflammatory activities of essential oils
from Cedrus atlantica. Gas chromatography—mass spectrometry (GC—-MS) was performed to analyze the essential
oils, and peak area normalization method was used to calculate the relative content. Oxford cup method was
employed to determine the antibacterial effect of the essential oils on Staphylococcus aureus, Escherichia coli
and Candida albicans. Then an LPS—induced RAW?264.7 inflammation model was established to determine the
content of tumor necrosis factor-a( TNF—a ) in the cell supernatant. Thirty peaks were detected by GC-MS, and
18 compounds were identified, accounting for 87.58% of the total peak area. Among them, terpenes accounted
for 83.26% , of which (+)—-aromadendrene (31.56% ), longicyclene (20.29% ) and (- )—a —gurjunene
(12.90% ) had higher content. C. atlantica essential oils had certain antibacterial effects on S. aureus, E. coli,
and C. albicans. Moreover, the expression of iINOS mRNA in RAW264.7 cells was markedly inhibited at a safe
concentration of the essential oils, and the mRNA expression of TNF —a and the secretion of TNF —a in
supernatant were significantly affected. C. atlantica essential oils had certain antibacterial activities and can
inhibit oxidative stress and inflammation—related enzyme iNOS, and GC-MS was a fast and convenient method

for quality analysis of the essential oils.
Key words: Cedrus atlantica; essential oils; gas chromatography—mass spectrometry( GC—MS ) ; antibacterial ;

anti—inflammatory

AT H : 2 p A T ARHE L3141 (202002AA100007)
VEH A A3 (1993—) , L (BU) RS2, DR 1) h 25 %5
*ARVER 30 (1978—), 35 (D), RIBFSE 5L, i, WF5E D [l - R 24 92 U
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%FA[Cedrus deodara( Roxb. )Loud]l%é%?ﬁ?ﬁz%;
W B SRR AT, A EL(Pinaceae ) HHAE (Ce—
drus WRRZ AR, H5 SCRRIC 20, AN AT T AR |
[ NI RZIES G N 1D R A i K- I -& N 3
WS R B R S5 % R, AR e )
VERIRYT SAE &P B IR i 241, A2 3
PRV LR RE TR ARIER TR %
PG R FANE Y - BE PR SR s
MW Btz BORRZE PUR PG P,

BEAE R H 25 A LURA I PR R AR it 1S
RIFIELEARES B S R a7 I T2,
Efyn LRl R VN R N R EE X N ko
BRI , A R B AR BT, B T B S
T i £ SRS ] PR I I8 AR I 22 S KPUVE T R
(Cedrus atlantica) =", HETXTH AN 2R R
TERINEE SACTT W5 R M B3 BT, 1 ke =2 %o 5 4%
RTG53 53 A B A BTG M (), PR, AR 584D R
FHAAH % - B S B (gas chromatograph—mass spec—
trometer , GC—MS ) F¢ A X K VG T I 19 Fb 27 1oy
HEAT 53T, DRI ST TR B R A5 A 3 P LAY
A )G B P S e 2%

1 #Rl5E=*
L1 ARG

RPGPEF A : D2 [E Aroma zone 24 H 5 TE C A -
K KU AR 27 1R BEBCA BR 2 7 5 i 228 (lipop—
olysaccharide, LPS) ¥> [RBAGHE S0k (T HE 25 & .0.25%
J A U MTT 3K I 5t 29K R B2 W] s RP-
MI-1640 555 G4 103  Trizol ¥ .iScript cDNA &
JaH : BEER R R B (rp DA BRZA 7] 5 — F AR
( dimethylsulfoxide , DMSO ) IR A YR A BRA
Fl ; WEBR £h 2% tP W (phosphate buffered saline, PBS ) : i,
DOV T LR A AT BRAA W) 5 A2 BRER K« 52 R M 24 5%
FEAT R ] BRIR DOR R « [ 25 2R A I 2547 PR Wl 5
iR F o I B A T 25T 5 S IR IR R 7R 5 e st
REMH AR A BR A W] 5 /N AN E i RS -
(tumor necrosis factor—a, TNF—a ) : 75 5% 28 % A= P Bl 45
H PR/ ] s RNA—easy Isolation Reagent 4 v 5%
X774 .sybr qPCR Ma-ster Mix: 74 5LiAMERE A MR
JBAR AT RN ) 5 352 kg 23 Afr 4t

1.2 fU&%

HP7890A/ 5975C % GC-MS Bt Y : 5[ Agilent
Technologies N SW-CJ-2FD AU RN BT Ak TAE
B HE IR A A PR A HF160W AKX T4 b
eI FEAE L) R FR A\l s GHP-9160 5
bk RS IR A I — R A BR A F 5201 A
HiF) 22 T 2010 A : B 1 22 A 7] 5 gPCRAX
#i : 72 [F Applied Biosystems Quant Studio 2 7] ; BSA —
124S BUERE 53 M K- - 58 2 R TR A A BR 2 7 5
Gentier 96E AN . F 6 SUB LA FR AN ) o
1.3 GRS bk

ﬁ‘}ﬁ@%%ﬂ?%(&aphﬂococcus aureus , ATCC-
6538) . K5 G (Escherichia coli, ATCC8739) [
23k (Candida albicans , ATCC10231) ;[0
YA P s RAW264.7 40K - EBR 2 B B B sh )
5T
1.4 BB AL

TR, R AP B Fh 1~2 A2
%, R R R, IS 0.5 22 [Q b bl (24955 T
1.5x10% CFU/mL) %

1.5 GC-MS Hiat i iy il 4

FERFRIBOR PG ARG 145 20.0 mg, JITIE C ki
il , T 16 LR 2 S 20.0 mg/mL B4R B U L T FLAR
470.22 pum (YR EEIVEF 2T i 2 I8 S B
1.6 ik
1.6.1 GC-MS Jbr &4

BN Agilent “UMH 435 4 (HP-5MS, 30 mx
250 wmx0.25 wm )5 2R = A2 AR THE R S R
FCIAFETR N 57 CL AR 1 min; F2FTHE 10 °C/min &
112 °C; 1 °C/min & 140 °C;5 °C/min £ 160 °C;15 °C/min
2 220 °C;220 CHi7isf7 3 min; #EFEHR 0.2 wL, LM
Fb 10« TOARBR EG ) 2 A 5 AR 1.0 mL/min;; L
T B IR, BRI 230 °C, SRR 70 eV, TR
HFHEIEEIA m/z 12~550,

1.6.2 PTG

KA BOL AT R R, fESIR R 77
JRE S T 5 MU A 0 AT BB PRV VR, PR KRS A
AR RT TR BN 3 A4S o Bl AN R
FAVBL 2 DS R B 2R VA RORT) o B AR Y Ry BE PR X R AT, L
TopA A HER K R BT BB . BN IR LA 25 LU
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[i) A 32 P B T DR R85 3V W e B R T S KD VS
FAKE T 45 200 o 4 5 O A BR B K% % R T
37 CHEFAATIEE 18 h ~24 h, [T ATKE 27 CH5:
FHIETE 48 h~72 h, RIS, s B 758
S S R P B, BRI 3 AT, 4 SR
SEXSE o A PRI TR AR SRR 0 W o A W
12>20 mm; =L 15 mm<HAR <20 mm; P10 mm <
<15 mm; K8 <10 mm,

1.6.3 PLRIAL

1.6.3.1 IR 5448

RAW264.7 i 35, RN 1.0% 555 %
KA 10.0% 064 ML Y RPMI-1640 53538, T 37 C .
5.0% CO, MR EE (5 240 Th R 9%, A sl 5 B a5 2]
80.0%M} , 1 0.25% & (B A J5 AT AR A A AR L
Bk 13,
1.6.3.2 RVG S FAKE TR 240 T M P i

O B4 K3 19 RAW264.7 411, 28 0.25%) 7%
AL, B RPMI-1640 353585 DL 1x10* 4~/4L
AT 96 UMb, 5555 24 h e, IEIE W4 (PBS, A
YA ) 25 AL CTEAn i) R B0 2 CF 40D [ InAS Rk
JE R PE VRS AR (30,60 ,120 240,480 pe/ml)], &
HBEE 3 ANE S, IEFAIMA S PBS 158 ek 772 3t
100 wL, 25 A A 58 445 37 3 100 pl, k541
T A 25 WA T 1) 78 2285 97 55 100 pl, K5 9% 48 h
J& L 325 BIEW, BFLINA S mg/mL MTT 57 20 wlL,
YREEMEE 4 h, I 150 wL DMSO Ji , fii F B AR AL T
490 nm AL E 2 FLAY OD H , THEAFIERM,

TG /%= GRIGZH 15 OD {H-1E #4175 oD {8 )/
(IEH 2173 OD fH-25 F141°F-3 OD {H)x100
1.63.3  KPGEEH ARG IXT LPS 55 RAW264.7 4 fif

FEILAAE H - (1) 2 )

O i 2E K 1 RAW264.7 40, i 0.25% 5
FBEH AL, o6 e b 3R 3 d B An i, DL 1x10* /L%
FlF 96 FLAR R, BEFL I A GBS 90 L, 45 40 it bt
HLA> %t FRZH (PBS ) M RIZH (LPS) X6 2H (LPS+ A ]
W TG ), B E 6 NEAL, CE RS
24 h J5 , BRA B AN AR LI IR IE R 10 pg/mlL
LPS #il3# 4 b J5 , % BRATFIE R 45 T PBS 22 i il
10 wL, 520 535 25 TR BE R 7.5.15.0.30.0 pg/mL 1Y
EAEINAS 10 WL, 5535 24 h )5, WCSE 4 b 35wk
i 3¢ G2 2 W B ( enzyme linked immunosorbent assay ,
ELISA)USKGI TNF-o 175 12, AR 450 S i B A 7
PR AR T 20N, FH Trizol YR HEHUAS 2H 1545 41 it
(6 RNA, AR ARINSCRE I RNA 1) 58 B M o
ffi ] iScript cDNA & BRI PR R F2 B RNA 5654
SN eDNA. #% ¢cDNA+5|#)+sybr qPCR Master Mix 3
FIANA 8 HALHI AL 20 WL ¥ . SRt E B2 B

HRBE U W (real time quantitative poymerase chain
reaction, qPCR VA 94 CTRAZPE 15 min, 94 CAZ 1k
305,72 “CIRK 305,72 “CHEAH 10 s, & HEIR K AEfi 40 4>
&R, 72 CABGLE S min, 16 CFEIE 2 min, 514
A TAEY TR ABRA G, 51975 TNF-a ,
F,5 —AATGGCCTCCCTCTCATCAGTT-3" ;R5’ -CGA -
ATTTTGAGAAGATGATCTGAGTGT=3" ;iNOS,F,5’ -C-
CACCTTGGAGTTCACCCAGTTG-3" ;R5’ -GCAAGAC-
CAGAGGCAGCACATC-3"A;GAPDH,F,5 -ATACGG-
CTACAGCAACAGGG-3" ,R5’ -GCCTCTCTTGCTCAG-
TGTCC-3" A,
1.7 it B

I GC-MS X PH VARG I A 7 P FAH X
SETRITHT o HH e i R U T A — A R
YL AR o 5 o PRI BRI AL 28 NIST11.L
BRI X 2% 20 53 18 B 1 B s AT R R 0, IR 455 A
RSk A Bl ff o HoAb S A 2 AR SCORARRLEE 3K
80% LA 2 53 HEATHR IS o A5 ROBIR A 1] SPSS 22.0 434t
TS 2B, DSE IR 22 308 P B IE
I B BE R One—way ANOVA 2047, P<0.05 J
P<0.01 AEERAFEGE 728 5, MR BREs R,
i F GraphPad Prism5 #4H[&

2 ZBR5HH
2.1 RVGHESORTR T 5 %

KPGHE SIS i DLE 1,

JITAS A 4 4 I AE O E 43 B R R T AR — 1k
AT ST as R LR 1,

PPl 1 FIER 1 AT, R PR S ARG Tl b s 301
U S 18 RS, o R TR AR Y 87.58% 5 M
IR A Y b 83.26% . K th Ak &4 b & R 5w )
JA (+)-F 14 (31.56% ) A< I 244 (20.29% ) . (- )—
a2 (12.90% ) , £ 3~ PU F IR I (4.63% ) \5—
RN (4.20%) o-TWrME (2.89%) 3a-H3E-3,3a,
4,5 -2H-FR 8 W I [a)Z5-3-1(2.03% ) .

KPGEET R0 T S50 i fk 2= 254 L 2,
2.2 KPGEESIRGIM ARSI T 16

VG 25 R i %o AL PR (%) 97 TR 3% 1 43 B AL
#2,

2% 2 T, PGV RS T 0T 4 B (0 3 2 BR AT
[(10.40+1.40) mm] KR A B[ (9.44£0.45) mm] . [
BBRI[(9.78+0.52) mm A —E MINERVE A, (HA
G VL0 T B AT 11 00 1 R 8 3 v R R X S A
TR AT PRT FA) A0 PRI ISR 34 A I R
2.3 RVGHBRT IR RAW264.7 4135 ) 521

KIGPET ARSI RAW264.7 20 15 Pk 4 45
LUK 3,
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Fig.1 Total ion flow diagram of components in essential oils from Cedrus atlantica
F1 KOESWRBHLERS S
Table 1 Chemical component analysis of essential oils from Cedrus atlantica
JF5 R /min wED [N CASY WX &%
1 6.797 4- L HE-1-H -1 -3 2 CoHiO  006090-09-1 0.99
2 14.674 1,3- " F LR Ci:HuBO  004175-53-5 1.17
3 15.374 o U CisH,y  003856-25-5 0.88
4 15.541 Kt CisHyy  000475-20-7 0.73
5 16.574 3,5,5,9-PUHI3-5,6,7,8,9,9a—75 A - 1 H-A I [a PR M CisHy  060909-27-5 0.66
6 17.840 (+) KA CisHy  001137-12-8 20.29
7 18.951 8, 9t EUHT s CisH?  067517-14-0 0.62
8 19.463 (=)o~ 250 CisHy  000489-40-7 12.90
9 19.618 =TI CisH,y  000469-61-4 2.89
10 21.007 (+)-F sk Cisf,,  000489-39-4 31.56
11 22.318 3- $t$ﬁh% CisHy  000483-76-1 420
12 22.54 3a-H1 -3 ,3a 4, 5- DU S —2H-FR I I3 I {a] 25 -3 - CHO  071805-91-9 2.03
13 23.151 1,1,2,2,3,3, -7~ BB CisHy  091324-94-6 0.66
14 23.506 A-T R EET CisHy — 021391-99-1 1.08
15 27.073 uRumxsmsﬁ9%)+m1558aw$%14$ﬁtk%&mﬁ CisHxO  000465-24-7 0.38
16 29.650 1,2,3,4,4a,7-NE~1,6- —FI-4-(1-F 23 ) -2 CisHy  016728-99-7 0.88
17 32.016 (+)-H T 2R CisHxO  000552-02-3 1.03
18 38.793 CH-DUH LI IR — CyHis  057693-77-3 4.63

7o O o0 B o 4D

Fig.2

1~18 M 1 X itk &4 .
B2 KEFEREHATEINEZERR

Identifiable chemical structure of essential oils from Cedrus atlantica

H, H
CuH
Y = / ...< HO” ;E §
9 10 11 12
HO OH
15 16
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Table 2  Antibacterial activity of essential oils from Cedrus

atlantica
I P E A% /mm
415 1) EROAE KRR
(pg/mlL) =5 AR
g/ PR - TR A

RRRIR KR 80 30.12+0.32% 26.23+0.64" -
40 27.62+0.33* 23.48+0.78% -
20 24.98+0.51% 20.31+0.44% -
10 19.45:0.23% 15.93+0.28" -
5 12312020 11.47+0.25" -

SLREE 100 - - 20.56+0.20%

50 - - 19.90+0.51*

25 - - 16.560.32

12.5 - - 13.16+0.78

6.25 - - 10.18+0.44
KPGFEEMAEIM - 10.4021.40" 9442045  9.78+0.52
LEELIEVI - 0.00£0.00  0.000.00  0.000.00

T« R ARBEAT IR s # S P 4t R TR0 i R

120
90}
s
¥z 60
&
30
0

PBS 30 60
RPGHLAAE I/ (g/mL)
* RN HIEH A (PBS) EEDE S 3, P<0.05; % FoR 5 IEH A
(PBS) A2 SR %, P<0.01,
3 ATEFESHIERX RAW264.7 HHE7EE RHHIN
Fig.3 Effect of essential oils from Cedrus atlantica on the
survival rate of RAW264.7 cells

120 240 480

Hi & 3 AT, R PEVE S AA MR EE R T 120 pg/ml 5
23 W RAW264.7 4 i %) 34 58 16 4, IR T
60 pg/mL V& B 25 24 7 s AR 42
24 RPGVEZHORE AT LPS 55 RAW264.7 21 i 4¢
JiE 4 5]

KPGFETFAEIMST LPS i5'F RAW264.7 41 5 iE

Y LKL 4~ 6,

& 4~ 6 Al 550 R A He A AR A 1V
i TNF-a & 5 FI40 b TNF-o.iNOS mRNA ik &
PIMe TR (P<0.01) 5 SHIRIAT LS, KU EES ARG
HH R AL TNF-o0 1970 MA7KF- Al i 2 TNF-o
mRNA Zik I B FTH(P<0.05 B P<0.01), i 457 &
ZH B INOS mRNA F& ik i 52 50 o 14 P IR (P<0.01) .

2500

2000

1500

1000

500

TNF-a Fiit/(pg/mL)

PBS IPS 75 150 300
KPGEEARAE I/ (ug/ml)

#x RGN L (PBS ) LA 25 540 b 3, P<0.01 5 # FR S A ZH
(LPS) HL# 25 5 .35, P<0.05 , ## Fn SHERIZH (LPS ) M e 25 S
2 P<0.01,

4  KREFZMIEMIT LPS 5 RAW264.7 AR TNF-o
RIS
Fig4 Effect of essential oils from Cedrus atlantica on the release
of TNF-a in RAW264.7 cells induced by LPS

ok

4 -
#

= 3r
Q
&
3
\? 2
>
= 1t

0

PBS LIPS 75 150 30.0
RPGFEL M/ (pg/mlL)
GAPDH y H il -3~ i 5 Ui  glyceraldehyde—3—phosphate
dehydrogenase ), ** /x5 %] fA1(PBS) LA 22 50 i 35, P<0.01;#

FoR -G (LPS ) LEE 22 5 i35, P<0.05.
B 5 XEESHER LPS 55 RAW264.7 415 TNF-a
mRNA RikEHIF0
Fig.5 Effect of essential oils from Cedrus atlantica on the
expression of TNF-oo mRNA in RAW264.7 cells induced by LPS

iNOS/GAPDH

PBS LIPS 75 150 300
KVGHEFHAE I/ (pug/mL)
w4 FoR G IR (PBS ) U 22 SR 3, P<0.01 ; ## FR S84
(LPS) Hhi =57 W3, P<0.01,

6 KFEFTHAEMI LPS 55 RAW264.7 411 iNOS mRNA
FiIEEHFM
Fig.6  Effect of essential oils from Cedrus atlantica on the
expression of iNOS mRNA in RAW264.7 cells induced by LPS
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MR SCHR A, S5 A B T A P s, B
BRI L FE G DU PUR AN R TE
[F B BATIRIR AR, & — R AR, TR i
MR B AR R, I O 8 P AE A B 2
PR LA, A K IR (=)~ 2 S —FEAL
5 () —a— K MM . IS UMM 25 B A — 2 1Y
PUBE ABTEALTEYE , v At i RN 01 A FH A )
Bi B FRUFNBT A 71, L B RIR 250 il #5102, TNF-o S
P I A4 6 4 8 P 0 9 R 52 1 P9 O B 240 i P 5, T
DA A B B B A0 M 31407 , T A2 a2 98 i SR 7 )
“IERAR”, FERAE IR, HE A RAE SN H )
5L 5T NO HIG AL E VEAI MY INOS J IR
Fakre . 24 LPS JlE WEAN AT iNOS mRNA %35
R, AR NO 5 U B B AR R A A
Rl 5 R4 2 i .

AAIFGE L GC-MS Kl 31 K P4 v 25 A Tl ) 2
B N (+) - R M5 (31.56% ) K 3145 (20.29% ) |
(=) —a—1lr 254 (12.90% ) . 2 Fk - U 3L 3R 1%, — 4
(4.63% ) S—FLAM (4.20% ) .o~ H 5 (2.89% ) 3a~
H-3,3a.4,5- A -2H-3F % 45 3 [a] 28 -3 - %
(2.03% ) i s A & W B AL A 9 5 R AT TR
56 K B, K VG125 A i 4 8 (O A AT BRI L K iR
A LR R BR A XA S A (R BURR S v
JESAREE . FE—E W BT RS kG xS LPS 5%
I ARAE R TNF-a 5 5 W1 520, 015 |k S A A
D3 (R 4R N B INOS 204 S & PRI Ve, 1A
RN I K AE PR AE I HLE A 1T 6E-5 40 il 2 1k Bl
NG PEAT G (H OGS BT R A E FALHS A f it — 20 00
WEo R BRTIR, RVGFESHOR b & 2 Az 26t
oy, BA KNI K T .
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