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9.9008 g, & il FHEEHA 0.372%0, GC-MS 5474 F B F LA 7 A WHALY 6 BARST & F K 47.64% , L F
4% & % %952 2-Thiazolidinethione ( 12.52% ) , £k % 1,3, 5-Trithiane (4.42% ) #= Diallyldisulphide (3.82%) , 200 mg/
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Protective effect of onion essential oil on the injury of human umbilical vein endothe-

lial cells induced by ox-LDL
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[ ABSTRACT ] Aim To investigate whether the onion essential oil from Allium cepa has a protective effect on the
oxidative damage cell model of atherosclerosis ( As) and whether the protective mechanism is related to the regulation of ja-
nus kinase/signal transduction and transcriptional activator (JAK/STAT) pathway and NF-xB pathway. Methods
Volatile oil extracting equipment was used to extract the essential oil from fresh Allium cepa. GC-MS was used to analyze
the liposoluble components of the essential oil from Allium cepa. MTT method was used to detect the effect of the essential
oil at different concentration and time on the cell proliferation of human umbilical vein endothelial cell (HUVEC). The
HUVEC damage model has been established by using 80 mg/L oxidized low density lipoprotein (ox-LDL) to HUEVC for 24
h. The cell was stained by oil red O. The total cholesterol (TC) was detected by commercial kits. Free cholesterol
(FC)/TC was more than or equal to 50% , which indicated whether HUVEC damage has been formed. ELISA kit, reac-
tive oxygen species (ROS) kit and superoxide dismutase (SOD) kit were used to study the onion essential oil of anti-ather-
osclerosis effect and mechanism in vitro. Results  9.9008 g essential oil was extracted from 26615.5 g fresh Allium ce-
pa, and the average yield of essential oil was 0.372%0. GC-MS analysis showed that the total relative content of organic

sulfide in the essential oil was 47.64% , among which the content of 2-thiazolidinethione among the organic sulfide com-
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pounds was the highest (12.52%) , followed by 1,3,5-trithiane (4.42%) and diallyldisulphide (3.82%).
liferation was the best after 200 mg/L onion essential oil had acted on HUEVC for 6 h. HUEVC was induced by 80 mg/L
ox-LDL for 24 h, the cells had a large number of red dye particles and FC/TC was not less than 50% of HUVEC cells

which showed lipid accumulation and cholesterol and triglyceride metabolism has caused HUVEC damage.

The cell pro-

The onion es-
sential oil significantly reduced HUVEC damage model secretion of inflammatory cytokines interleukin-6 (IL-6), tumor

necrosis factor-a (TNF-a) (P<0.01) and the produce of ROS, promoted the produce of anti-inflammatory factor IL-10 (P

<0.01) and increased activity of intracellular SOD (P<0.05).

Conclusion The onion essential oil produced in this

study has protective effect on the HUVEC damage model induced by ox-LDL.

Bk EEAE AL ( atherosclerosis, As) MRS & H
Byt B O B I 4 % R (cardiocerebrovascular
disease, CCVD) &A= R 50T g R A,
A (Allium cepa) J& A GFF AR EAMEY) , X4 E
s BRASE A R TR A sh kA AL RE
AR E AP A B S L TR (B T
R TR CHALERAL Y ) |, 78 Ik PR 52 56 P A A
P ERES LY AR E T R A A
AIVFZ AR BIOR I TP 2 AT HLER A, HLA
SRR B IR Sl VKRR AR 1 AR08 43 S b A T
(@A) . EFEZN BT As FEFJCHZ
HAE BB A 7853 BB, DRI, AR S5 56 38 3 ) 1
AL TRMIRSE B R 5 (oxidized low density lipoprotein ,
ox-LDL) i 5 A B & ik 9 K% 48 9 ( human umbilical
vein endothelial cell, HUVEC) & 7. HUVEC 41 {73 5
B BRTPEZAGI As HEfEH HUEVC St irrE

1 MG E

L1 5

% 77 1L ( Spectramax 190, Molecular Devices) , &
# K 3 & 8 AL ( Thermo Merol17R, % & ) , CO, 4 i 3=
F5 44 (3111, Thermo Forma) , %% . | & & 5 %% (CD-
KX4, Olympus ) , GC-MS ( 7890B 5977, Agilent) ,
WRF B, LB DMSO M B Sigma 2 7, BB,
N,N-Z F 33t K — B2 i BBk 4k % \Na,S W B #
v 7, RPMI1640 35 7f 2k | fif 4F i 9 ,0.25% ffk &
HEE-EDTA WA . F B Z-HEF 2 XMW A
Hyclone /A &, ox-LDL Wa T MNZEREDFEAR
N El, AG490, 7E M F (reactive oxygen species,
ROS) ik #| &, # A fb 4 % ft B ( superoxide
dismutase, SOD) X 7| & X & 241 i/ % 6 (interleukin-
6,1L-6) . ¥ & 3F . EH F o (tumor necrosis factor-ot,
TNF-a) \IL-10 £ ELISA & 7| & W & it 8 A 3
HUEVC W B 73/ (# 5 8 Z2Q 0113) , # % 7
WA PR,

1.2 FERIUENHLYSENE

XATRFEES L LE LN ZE LR FLERR
WAENs A& B, BH K EFE A 100,50 25 Fr
12.5 pmol/L By Na,S ¥ ik # AR VE th %, [ B B %]
100 mg/L By 3 248 B4 % i, & B 0.5 mL, & & #n
AN25ml £8FARFERAMNOS mL 1% (L&
#) BB .05 mL0.2% (Ji&En%) N,N-ZH A&
XK Z VS, B AN 0.05 mL 10% (R E42%%) #
B4 ER,FB®E 20mn, BEEHFEFA
A& Na,S 7%, T 670 nm B X % E (OD) S,
1.3 FEERREINKE GC-MS 1

W 26.615 kg B iF A I AL FL B AEA 0 K=1
1.5 #2843, # K95 (100 °C) KB 20 min, Am A\
KA HH AR 25 mL(5 g K5/100 g & %
%) ,25 C B i 7 50 min, 4L F AT 09 FE B % A
RERREERRS h, FEFDFmR A0 AER,
AR ER 3 K, A I AT REBR AN
TAGBRNTER, GE_AFRERRRE, T
40 CABHRAE, BN AR I FFAELH,
FATLZ AR ER , B EELAMBEGE—£, K
WEE, A AT RHEBE, AT GC-MS 247,
1.4 HUEVC #Rai83EE ilE

K MTT %A U B K E R R B R & 2 A
W HUEVC @@ ¥ A & H 8 %W, 4 %
HUEVC, L4 89% RPMI1640 ¥ 3 3 +10% s 4 fn
F+1%EEF- B RWIERLR R MM, & 9w
B K 95% e T AR, R G X B e,
MLE AR, T 96 LA L Am N 100 WL 48 4 &
HAREAMNEEEFEE 100~10/7L (2 %A L
B PBSH 7)., 5%C0,.37 CHHE MM EEHH
FLIE o 4B e N R R 0.6.25,12.5.,25 .50
100,200 mg/L, % & 9 F 5L (4 0.1% DMSO # RP-
MI1640 B x38) 4 5 NE L, G 7L 180 pL # %
Fo o VAR S B 5 3 ,5%C0, 37 CEH, T1.3.6,
12 .24 48 h H4 3L A\ 20 pL B MTT % (5 g/L,
Bl 0.5%MTT) , 4k 423 x 4 h g &b ¥Ex, %L
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W FR, A Tl N 150 pl DMSO, & 32 & b (% i
%% 10 min, B 45 @ W 7 0 5, FE BB &I AR
L ODg A MELEIL R EE, EHEEZ =K,
BCF MR, 40 e 3G FE UE A = (AR AL 41 0D
H-9EZE 5L OD 1) /(x4 OD - 3L OD f4)
1.5 HUVEC 58T

¥ 7~ HUEVC, £ 40 i 4 K 4 T 3t 38 B, Am
80 mg/L ox-LDL #% % HUEVC 24 h # 3. HUVEC
AT KA O Btk RN E A
BB B2 (FC) #n % JE B B2 (TC) ke {5 #| B HUVEC 4
B9 FiE BT R B SF N E B BE L m = ER R OAHIR UL
DLABT As REH R,
1.6 EIG44A

DIE % 3 B 4. fn X4 0.1%DMSO T i &
RPMI1640 ¥ # 3£ ; @ HUVEC # # 41 . 80 mg/L ox-
LDL ¥ % HUEVC 24 h J& i X4 0.1%DMSO #y 7
7 RPMI1640 55 3= £ ; B # % 45 3 41: 80 mg/L ox-
LDL #% % HUEVC 24 h J& #m \ 200 mg/L & 7 2 f5
VAT ; @PDTC 4« #m X\ 100 wmol/L #y PDTC ¥ &
YEA T HUEVC 1 h, 7 E &, #n X 80 mg/L ox-LDL
%% HUEVC 24 h J& m A4 0.1%DMSO #y 7 i 3%
RPMI1640 ¥ % 3 ;(5) PDTC+ ¥ 7% ¥ 3 41 . fm A 100
pmol/L #y PDTC 75 & 1€ fl T HUEVC 1 h, 7 E 7%,
A\ 80 mg/L ox-LDL % % HUEVC 24 h J& fr X\ 200
mg/ L By 7 2K i 75 7 ; ©AG490 41:20 wmol/L #y
AG490 ¥ i 1E Bl T HUEVC 1 h, % L3, im X 80
mg/L ox-LDL % % HUEVC 24 h J& it X4 0.1%
DMSO & F 1 % RPMI1640 %5 3 3£ ; DAGA90+3# %
K 4 .20 wmol/L By AG490 ¥ ik 1E Hl T HUEVC 1
h,% E3%, #m X 80 mg/L ox-LDL % % HUEVC 24 h
J& AN 200 mg/ L ¥ 2K VA,
1.7 IL-6,IL-10,TNF-o % % fEHH 5% B F & il

LI J7 B 1.6, 200 mg/L ¥ 24 i VA 7 1k H
HUEVC # 15 & 6 h, R & 4 4 % L& &, #
ELISA % 7 &t 9 45 42 1| 1L-6 1L-10 'TNF-a & &,
1.8 MEFER LB RN RN EESRKE

LI J7 B 1.6, 200 mg/L ¥ 24 i VA 7 1k H
HUEVC 6 h, 7 & 43 3=, PBS # 24 LRIl & %
ZmNBREEREE 2~3 K, AT, E5 MmN 10
pmol/L # DCFH-DA T 37 °C .5%CO, % & 45 min,
F F ¥, PBS # % 3 X F 525,488 nm K ot E B A
MW, A TSR AR B ME THEFHED
1.9 SOD iXFIEHMFE G MIT As AR FLIRG
A SOD &M R0

L F R R 1.6, F A AR RR, FEEH LA

A7, 1500 r/min B S min A& H m M LE,
BCA & gk M 2 iR Fl & (R A 3L H 0 € &
41 90 j 2 A R E DL R SOD K R & U B 45l SOD
FEEUY 3 AR I E SOD #7%| & | B SOD 47 #) &
(%)= [(AXMBE-AZE)-(AMNE-ANZE=R
B)]+(AXEB-A % A);#% AR IHHE SOD 83 7,
BI SOD & 77 (U/mg) = SOD #1141 % +50% x K & %
RN EREGRE (/L)
1.10 FitF B A %

$4% X | GraphPad Prism 5 2% 1 3L 4T 947, 1T
ERR KA ves R, A E LR XA F £ 00 Kt
K86 P<0.05 k& 2 FH ST FE X,

2 &% R

21 THREESXAXEEZNERRFZIRNYE
GIRTRER ) hg

Na,S pRifERIZ 2 Y =0.0028X-0.012,R* =
0.9985 (18l 1), 72T 208 7 52U A 20 ] 4 H
Yy 2R X = 2B IO Hh o BORS ih b A
DL AL & s (K 2) .

0.6
Y=0.0028X-0.012,R?=0.9985

OD670 nm
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Figure 1. Na,S standard curve

2.2 FHEERRIKR GC-MS H#f

M 26.615 kg 7 25 42 B 2 9.9008 ¢ VAL
K PEZRG IR B VR B W BV 2
AR, BRI TR R 3R 0.372%0, GC-
MS F3Hr4 5 & B, 20K T b A HLER AL 4 1) B A
X Er i 47.64% , Hod & 5 B s 19 /2 2-Thiazolidi-
nethione (12.52%) , Fo¥k & 1,3, 5-Trithiane (4.42%)
1 Diallyldisulphide (3.82%) (£ 1 F1[& 3) ,
2.3 ARKERAERES HUEVC 83EFE D

TE 1~6 h, FEASIAT HUEVC 4 A58 75 1
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B[] 2 e o ARl M Ay 15 A R A R AR, 12
~24 h, VEAURS WX HUEVC 4 j Y H5 58 75 77 56 e i
Vi) 22 ¢ B AR s M 3, (H R A T A 21 100 me/L
F 44 364 5 3% g S T B, 48 h S VE 20K Xt
HUEVC {1420 384 58 105 7 i sf [1) 22 3k B AR 1 F B
B PEAUKS AT HUEVC 1Y 20 38 58 3% J1 T 200
mg/1.6 h B (K 4)

40
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20

organic sulfur compounds(mg/L)

2 » » P
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B 2. FRBMPHEIRLYSE
Figure 2. The content of organic sulfur compounds from on-

ion essential oil

2.4 HUVEC #R{5#E8 R L

LT 0 YemgE R LB, F 80 mg/L Y ox-LDL i
F HUEVC 24 h, YRt 2 200E A0y 118 5 H 8 Al
RAELT YOk, Ui HUVEC S 15 (1 5) s 4
Jif P9 AL ol 486 wmol /L, i FEL ] A
4 706 wmol/L,FC/TC(68.83%) =50% , %< W41 s

® 1.GC-MS ST BERXBPHENRLEY

P AL [ A b = R AR = AL, & B HUVEC
it .
2.5 FEREHIT HUVEC RS 40 1L-6,11-10
#0 TNF-o BIS2 0

SIE X IR A [, HUVEC B4 43 Wh i B 6
K IL-6 ' TNF-a A48 K+ 1L-10 ¥ b 38 hn ( P<
0.01), 5 HUVEC B BYLH A HE | 36 20005 i 20 40 i 35
R+ IL-6 ' TNF-a 5t /> (P<0.01) s PLR K+
IL-10 BEHG N (P<0.01), 5¥EZR 4L HH I,
PDTC+PEZR5 M4 R AGA90+ T 40K I £H 4 ik [H 1
IL-6 TNF-o (943638 /11 ( P<0.01) 3 Hi 4 K 7 IL-10
SR (P<0.01; 3 2), 2 BT 20K il B A%
HUVEC #A#ERIE 5 ] F 1L-6 Fl TNF-o 95306 S
HEOMPTR A+ 1L-10 433584 NF-xB {5518 % il
JAK/STAT {55 # B4 ¢,
2.6 EEFEMXTEEAEESNZNE

SIEH X B AH b, HUVEC B4 ROS &
WLEWEAN(P<0.01), 5 HUVEC #EAIZHAH L, VEA
FahZH ROS & & &b (P<0.01; &1 6) .

2.7 EEE MmN HUVEC {GE8 SOD FHEW
A1

SEH X AR 0 A e, HUVEC #5814 SOD §i 1
B E AR (P<0.01), 5 HUVEC B L, VR
FEZL AN PY SOD T 4 B 3 38 i ( P<0.01) , 5
ZAEIMZEAH L, PDTCHF 45T ZH SOD {5 PR3N (P
<0.05; 8 7)., FWANGIMFEML HUVEC 454555 24 i
P SOD itk 12 5 ¥ NF-xB {5 Sl A %, 5
JAK/STAT {55 T K,

Tablel. Organic sulfur compounds from the volatile oil of Allium cepa analyzed by Gas chromatography-mass spectroscopy

Peak RT Area% Compound Peak RT Area% Compound
1 8.999 0.24 3,4-Dimethylthiophene 15 24.777 2.03 2-Ethylidene[ 1,3 ]dithiane
2 9.436 2.06 Disulfide, methyl 2-propenyl 16 26.994 0.47 Methyl 2-( methylthio) butyrate
2 12.052 3.22 Dimethyl trisulfide 17 29.735 2.30 Thiazole
4 15903 0.44 Aminothiazole 7-Amino-6-methyl-7H-S-triazolo | 5, 1-c |-
5 16.709 0.01 Thiirane 18 33142 1.37 S-triazole-3-thio ' : ]
6 17.093 3.82 Diallyldisulphide 19 35.252 1.26 Thiopropionamide
7 17.763 2.36 4-Thiazolidinone, 3-amino-2-thiox 20 35.989 0.45 Methanethioamide
8 18.812 0.21 Propionic acid, 3-(allylthio) 21 39.362 0.02 1,2-Dithiolan
9 18.842 0.66 3H-1,2-Dithiole-3-thione, 5-methyl 22 39.989 0.08 Iberin nitrile
10 20.139 12.52 2-Thiazolidinethione 23 45954 0.18 tetrahydro-Thiazole
11 20.728 2.55 Phenol, 3-methyl-4-( methylthio) 24 48.779 0.07 2-Amino-3-( propylthio) propionic acid
12 21.321 4.42 1,3,5-Trithiane 25 50.064 0.13  S-Methyl isopropylphosphonamidothioate
13 23.063 0.45 3-Vinyl-1,2-dithiacyclohex-4-ene 26 55.071 0.87 1,2-Dithiolane
14 23.850 1.77 1,3-Dithiolane-2-thione 27 55.820 0.40 Cyclic octaatomic sulfur
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Figure 3. GC-MS of the organic sulfur compounds from onion essential oil
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Figure 4. The effect of onion essential oil on the cell proliferation of HUVEC
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& 2. F AR HUVEC 15 7 # 84 43 i IL-6, IL-10 1
TNF-o B9800 (x+s, ng/L, n=5)

Table 2. Effects of onion essential oils on IL-6, IL-10 and
TNF-a in HUVEC model (x+ts, ng/L, n=5)

ki 1L-6 TNF-a IL-10

IEH IR 9.88 +0.408 10.05+0.1845 9.28+0.4867
HUVEC 7RI2H 73.31£2.036" 41.38+2.571" 17.74+1.244°
BERy R iRIEEN 25.28+1.362" 19.72£1.247" 34.26x1.214"
PDTC 41 27.52+1.563 27.65+1.237 23.73£1.283
PDTC+HZRGIMAL  35.08+1.957¢ 26.69+1.787¢ 25.26+0.9025°
AG490 41 26.84+1.350 30.27+1.069 27.11x1.351
AGA90+PEZNTIMAL  36.42+2.432° 31.64%2.633° 21.84+1.498°

a N P<0.01, 51E# X 40 % ;b y P<0.01, 5 HUVEC AR 4H H
e O P<0.01, 52U ML L8

50

MFI of ROS

B 6. iFZfFiHxt HUVEC R &2 E M SEIR AT (10x10)
ACHIEH X M4, B Dy HUVEC BRI, C M AR, a iy P<
0.01, FIEH X BZL HA ;b y P<0.01, 5 HUVEC BRI H#E
Figure 6. The effects of onion essential oils on ROS in HU-
VEC damage model( 10x10)

3 1 i

AR TR T 2K WX ox-LDL 5 &
HUVEC iRy Ve R FHAS [A] i £ BT 125 3k
PR PR A BRI, e B & (A DL AL & it
AN AETUANAS [R] 1 28 52 B v o Z808KS o v B
A MR & 2 e e, X5 SCHRIR T8 17 2K
WE AP — 3 DR I 7E v B K
FYE T HUEVC 433 45 155 89 i) ] 4 % i, ifF A
HUVEC 2 [t A A3 22085 T B v B8 185 hn i 38 41 2

40r
8 30+ b
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k]
>
s 20f c
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F 1of
& P W PP PP
PR c}%‘ %’% QO %’@ Ov‘ %’%
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4 y@

B 7. FAHEHX HUVEC R {571%2! SOD i tERI RN (vts,
n=6) aX P<0.01, 5IEH X MAHE; D P<0.01, 5
HUVEC SRZLHEE ¢ P<0.05, 512Ul FL#L

Figure 7. Effects of essential oil on SOD in HUVEC damage

model (x+s,n=6)

HUEVC M3 (259 20K T 9 vl B 45 v AR
5 HUVEC B[] i HA — 2 40 i o, % 4il g
HATE G AR R ES , RO HUEVC B3R,
Wit 5 A FH s P /R T 385 o, 7 280K 1 PR 958 904 2 DA %
Br R b ) 5 S R BT FE X 1T B8 2 5 Bon Mo 3
LA B s 2 0 8

H v =R A 25 L B0 ok ok A B A TP B AR
PR N D 2 1 I = 1 AN R % O =
20 A5 2 R A0 P A 0 I T S S A
SMIRIE T AR YRR BT SR AE | A SRR R AR B
I A A [ P A3 35 Lt J2 3 bk s R 1 £ 1 35
T ox-LDL AR &R N R 41 B AN
W5 2B 1T UL 20 B | 2T 24 440 Y 25 40 . A= W 2= 1
R HHERS As BRILFE S5 As AL R,
80 mg/L ox-LDL i 5 HUVEC 24 h 5 &7 HUVEC
PR ARL Sl LI O YetaJy s KB, 24 h 5
Uy SRR 251 DN U L N R NS AR T T
VLA N E = A R IR BT, H FC/TC = 50% 2% B
ox-LDL i% S HUVEC 2 it 3 fH & BEAH- i = e At
WL, BB HUVEC $i47

ML PN Bz 2006 SF- 9 UL 200 i T 50 00 L 7 2 i
(AN [ B BEAR 7T LA 36 (1 i A R, T0-6 Al
BIUAA = A 18 M 0 I 7 3 R R B i K Bk 4R
N 5 —Ee i e 1 I ROS Bl B2 590
— N As SRR TNF-o 7275 T 3 Bk ok RE BE
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Herpr w1 3% 4 0 BT AR R B 4 R T R ORE 1Y &
JE L IL-10 EAT R R A s A, H R
HUKRITL R BE J1 697 As BRRRIHT T 17 ox-
LDL i#55 HUVEC A {57 24 A P 7l = 156 R I [ A
WFEEEL 5| A B 0T 5 A 4000 D B AR, AR RE R
3, AR N BRI TNF-o TL-6 A9 4 11 IL-10
i B TNF-ou IL-6 il IL-10 ] J3% NF-
kB fE i 1L-6 IL-8 &5 434 K 7 A FIRE I, i R A
R HE— N, AR I AT LIS 2> HUVEC #43
FECRL 530 S84 KT TL-6 1 TNF-o, 2 HEHT R A7 1L-
10 B943 W, A5 4 ox-LDL 5 S 1 HUVEC $i45.
As R A ASF-FE ULAM AR | 5005 40 i LA B PN B 40 B R
IRERS I 235 AL B NF-xB 512 NF-xB 1 g 4%
i S 0 1Y) 32 B i S -, AT 8 1L-6 . TNF-o fil CRP
B e e NS R 0 ) Ui S R Y
R T 2R N E A E R T R R 2z ik
IR, 25 ko RERE AL iy 4 R2 020 B Ah,
NF-xB E—F S b 340 Jir SRR S PR v e 240 ] 1)
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