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SUMMARY

I. The Goal and Rationale of Research

Members of Allium family, especially garlic and onion, have been used as a
traditional medicine to treat a bariety of diseases. Allium such as garlic have
been studied extensively for their health benefits. Several Allium foods have
been shown to reduce risks and modulate metabolism to favor the prevention
of cardiovascular diseases. Recent studies have validated many of the
medicinal properties attributed to onion and its potential to lower the risk of
cardiovascular disease. Comsumption of garlic and related Allium is associated
with antioxidant, antithrombotic, antihyperlipidemic, antihypertensive, and
antiplatelet aggregation, contributing to decreased risk of cardiovascular
disease. However, onion—induced positive effect on cardiovascular disease little
has been done.

The purpose of this study were to investigate whether onion extract protect
on cardiovascular disease and if so, which onion components is involved in
this effect.

II. Research Contents and Scopel.

1. Studies of onion components analytic conditions, fractionation and
extraction

2. Analysis of onion bioactive fractions and components of different
cultivars

3. Analysis and functional analysis of selected onion cultivar components
from different cooking methods

4. Effect of onion extracts on cardiovascular disease in animal model

5. Effect of onion compouents on cardiovascular disease in animal model

6. Effect of onion components from different cooking methods on

cardiovascular disease in animal model
7. Effect of water-using onion extracts on hypercholesterolemia

8. Effect of alchol-using onion extracts on hypercholesterolemia



III. Research Results

» Extracts of Turbo onion are rich in two chemical groups, flavonoids and
alk(en)yl cystein sulphoxides (ACSO).

» The flavour precursors of extracts of Turbo onion are MCSO, PrenCSO,
PCSO.

» Collagen—-induced platelet aggregation was inhibited by onion extract.

» Hypoxia-induced cell death and ROS generation was inhibited by
treatment with onion extract.

» Chronic oral intake of onion extract significantly reduced myocardial infarct
size.

» Hypoxia-induced cell death and ROS generation was inhibited by
treatment with quercetin.

» Onion showed a significant positive effect on hypoxia-induced cell death
and collagen-induced platelet aggregation with greater potency in fried
onion than fresh onion.

» Water extract consumed group showed no effects on the lipid profiles, but
alcohol extract group showed a significant decrease in total cholesterol and
LDL-cholesterol concentration after consumption compared to before
consumption(p<0.001).

» Raw and cooked onion group had a significant decrease in blood glucose,
total cholestrol and LDL-cholesterol (p<0.05). However the positive effects
of onion on the lipid profile were disappeared when compared with

controls.
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ot &eA o g 84 FAAsAd TS Aol wEr CAHH

[e)
Ab ol &g s AATAL, ASAAA T2 HIE ESF o] Alxutat A o] At

= 45 4840l FasEAS
e Bgow HAT 5 Ak nast Ak 2y 2e AliiumoluA] A%
of mhel WsE Ao LA Yn Fwel Gkl daldE F A AA

5g ¥y Fule Hewd g opnxAF HTAR]
S-alk(en)yl-L-cysteine sulfoxides (ACSOs) Z%¥ Y2t} (Lancaster &
Boland 1990). ¥ 194 X+ #F9F Zo] methyl- (MCSO). 1-propenyl
(1-PECSO), 2-propenyl (allyl, 2-PECSO) 47}#] & Ej¢] cysteine sulfoxide’}
st vhss A2AY 245e W dEds g9 ACSOsolt (Saghir
1964, Freeman & Whenham 1976, Kim & Chun 1999). <%ulzx 2o 9l ofz] el
(alliin) isomer (1-PECSO)¢} o}g] 4l isomerE *3 19 £af &S dd &
af, 3k, FIaAIF U= Ao®E AL dot (Kim & Chun 1999, St &
1996, Kang & Kang 1997). wtglx o] 22 3pEES9 A +4 Axes 43

RL [}
S o9g Aolw, md FvelN 54
KX o

& =
=d ol F e Aol

ojdt 2ol duel F8 Vv AET el ACSOs HE2 ST =40
ghal e AN AmAlelA o AER EAstal deAdl dEi s B
w=gho] glol std Zlo] Apdoltt & Ho] PCSO7 =8 Adielzta F4d=
A E b= v EAgG A F=gsta Ao B3 AlliumE Ae A ZHzbo] v
€ flavour SA4<S Ay &% =3 v=2na Basta v S vhgelAM =
2-PrenCSO7}F A1 vhebet whddel Fsto] 49 1-PrenCSO7F 58 Aolzha
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So] we @AR Ao dvpel AN WHol FAs Zrbgel wiel 19994 9]
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9l Aoz 3t (Srivastava 1986). 3 A Fute] #8A4 FE5E0] X3
Gt i Feon 48e s Aol maHUT (Bordia 199). ©]%
e gy Zae FFol wet Holrt o, @4'}—5— ZZo] wetHE 2ho]
b s F eng o5 ARE auE #8435 gl AAo

3. Fvte) EFW AYBH HEY BA

Aoz gsfo] 9ol S-Alk(en)yl-L-cysteine sulfoxides(ACSOs) A
T AL g JARE AEA A o= HAER EAsta A
A= B2 w=do] =i Qe AAolth ACSOs B4 743817 fl8 oy
7 AR S 3 WS AES AL oy obA EAMYE S ZFstetA Kot
I 9 tH(Thomas & Parkin 1994, Tokimoto & Kobayashi 1992). 71 o]+
of AYFAHEA] A5 e we e FErb ESAsk FxA R v
A HA e EHE d3E7 otk dE 59
S-propyl-L-cysteine sulfoxide (PCSO)7} 2 3 3}gt&Eo|glal Matikkala2}
Virtanen(1898-1900), Lancaster2} Boland(1990)w—c FA3 vhH S xi= mEo
Z2uk &3ty FA3 72 9T (Ziegler & Sticher 1989, Yamagi 5 1980).
H & 7P A ol7|= AR o8 71 vt ®Hol S-Alk(en)yl-L-cysteine
sulfoxides(ACSOs)E& 437l fallA A=Atk S-Alk(en)yl-L-cysteine
sulfoxides(ACSOs)”7} alliinase®} HFS-39 S uwl Yo = pyruvateE SAHst= W
WMol 714 thFE Aot} (Schwimmer & Guadagni 1962), ©] ¥ S ACSOsE 9
oA el o)t profllea & 4= gl Nakata 5(1970)2 alliinase?] ¥k A+
=<l thiosulfinatess F43st= WHS Adstd oy of A dgeo] oAl
ACSOs¥E SA4sHA = XotAa, w39 e Sy mtso] 7HAa e A
4 <l thiosulfinates®} S-Alk(en)yl-L-cysteine sulfoxides(ACSOs)9] 4% th=
71] UeEtth (Thomas 5 1992). 1 %, o] & thiosulfinates®4S R8s & 5
Mz a4 azvteady (GO 7ta-94 azn ey (GLO)E
ool EE ATt Block 5 1992). GLCE ol 83t el ACSOs%
ZAstH = A|=7F @o] o]Fox 1, 1% Tokitomo®t Kobayashi (Tokimoto
Kobayashi 1992)= GLCE ©| &3l 4a& 43 A3} n-propyl FE7F 5
TE oFa Advkar ®Bagk vp 9lovt o] Fert Aol PCSORFE v A
A AR AAY 24Tl 1- 52 2-propenyl FEj] RESAFEE n-propyl
JE7F U2 AR = A &) o] ¥HE] Freeman¥?t Whenham (Freeman

o] Ak

;’O

0110 r 1F
r°1'

o

ot 0 o R mlo
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& Whenham 1975)2 919 A= GLC 4% =2 22y Ao Idd 3
g it U 38U Ao, PCSO : 1-PECSO : MCSO = 2 : 80 : 189 H]
F43814 11, Blocks (Block 5 1992, Block 5 1992)= #2& A
L2 EAg Bmastrt olefst ks Fol7] fEiA EEA &S It
= AfHoR FAsE e Ak 9A] Fo] olFoxu. Silica
gel& AHES BtE W79 E ) AZEIYIE o] &8 o)AdA FYE FIlA
Granroth (1968)= %43 Fol= MCSO9 1-PECSORF &EAjstcta w3t ul
oy FAE AIdWHo®  Lancaster®t Kelly (Lancaster & Kelly)+=
pyruvate W o2 =A% AWt} 4u] ool ACSOs¥o] HEES PCSO
I-PECSO : MCSO = 66 : 14 : 20°] Hl&= EAgva Busiidty. ¢ 2=
AR gkx] ¢S, Matikkala®t Virtanen (Matikkala & Vertanen 1967)0] =
A Ay (v 0 92 1 Q)9 b2 99 o5 5 AEAdAe FoAd
ACSOs%¥S Mgt Aifo] @ Edto] Q= AS HolF= Folt),

GCH GLCOA 43 Axrt dXHA &2 237 yeuak H< HPLCE,
G5 v ES AlliumZol EA3= ACSO 49 o] &std = Al=7F o] FoH
t}. Gustine (1985) o-phthaldahyde (OPA)®} 2-mercaptoethanol® ACSOsE
FE A3}kl MCSOZE Brassicadl Al HAZ3F o™, Ziegler?t Sticher (1989) <
Al OPA®}  2-methyl-2-propanethiol® 5% #|3}tste]  wlsodA  MCSOS}
2-PECSOE #4138 vt At} o] Feoe A&d A o= wsoAE 2-PECSO7}
7HE Bol EAg = As €A HAoew PCSOY 1-PECSO+ EA|8HA] %7
v Se o Rt itk AR E BE At (Block 5 1992, Block & 1992). w=gh
Betde OPASH v
(FMOC)& ©]-&3st= W
1994).

o
t
I
2
v
fn
R

-

=43 Wywoz 9-fluorenylmethyl chloroformate
= M= Jrd (Cunico 5 1986, Thomas & Parkin

Sl el W@ APERe dad el wEHow (Kang &
A e AT

Kang 1997, Kim & Chun 1999, Seo 5 1996), A&l & A&
2X ki(Ha 5 1996), o +y A& EAo <o tste] gz =435 =
lels

1o

Al

“
=
B rlE A

o,
o
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1 e 4% BNZEA &9 2

i
o
M
&

7h FA AR

A AMRE SAAEE LB AsHA TN g &x g kAl
A Al HE FFS5 T AR FHE A EE A
sh-o] EE RS At AAdSs WA #EH AR FEee] 707
deep— freezerol| R #A3IH 7T Ao AFE3FSI T

. HPLC #Azx4 &g

1) S-Alk(en)yl-L-cysteine sulfoxides(ACSOs) standard chemical %43
AR THEA S e = thiosulfinates ] ATE4
S-alk(en)yl-L-cystein sulfoxides(ACSOs)¢] A #HEA S 9Jdte] E A A
A3t HPLCEA WL standard 72 2S P8 A7 thiosulfinates 3}3%
< ufg WA ESbAste] FPAH R EAEA] Z7] " AR AESE T
= ks St en NMR(3A7] 5 7)3 HPLC(aL 4 o 4] = = m}
o

glstdty. ddelM ARE3E standard == 9

> o

7} PrenCSO(1-S-Propenyl-L-cysteine sulfoxide)

5 WAI7E dZ2" 500 mle] At Eek=Ae] L-cysteine 24.23 g3t
ethanol 250 mlE ¥ 50ColA 303 &/F3AE 10 M NaOH 89 20
mlE A A3 H71star 3087 8 A7l F ethanol 35 mlol allyl bromide 17.28
mlE Ho] AAs] H7sk & 3AHESE BHEAI AT 30CE 23] acetic acidE
pH 50~557F & wj7lx] H7tste] A 3kel )AL, acetic acidS H7bsbd AR o]
A o]E WEadA 2A1F BAE of3ste] 50TColA  HAZRF
Ethanol®Z #AZAA3sle] 18%<] 3 A 1Al S-allyl-L-cysteine2 53 tHH
3). 500 mle] A4 Zepxa=o oA A3 S-allyl-L-cysteine 560 g3 AX
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H DMSO 200 mlE Y of=Z slo] AoA] 3087 wtetdt Axd
DMSO 40 mlell potassium tert-butoxide 5.60 g& =o] 6~10TColA A A3
Zbatd o ekxs]l HrbEa yH Aol A 1841 FQF WESAIHTE Acetic
acidZ pH 5.0~557} & wWji7t#] #H7tete] AA s eta, Wsaoa] 247 ne &
o #stel X3tk Ethanol®2  AJAAsEY 20%9 A A<
1-S-propenyl-L-cysteineE & 53t tH1d 3). 250 mle] A Fek2==dd 9l
A 343k 1-S-propenyl-L-cysteine 1.1g3} distilled water(Dw) 50 mlE Yl
30%7F etk HoOp 1 mlE Dw 20 mloll =o] A3 H7FsE & Ao A
24X dbg- A7)l st DwE Al ASA Y. =g A Ao methanol S
Hal E5olFH A uA7t A7, 9348 $ Dw 0.2 ml®t methanol 5 ml
2 AMAAT 12%<9] 32 1A 1-S-propenyl-L- cysteine sulfoxideE ¥
StATHE 4).

Jn
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L-oysteine
(24.23)

+Bhand(250mL)

Reflux
(30minin 50°0)

+ 10MNeCH20L)

A

Reaction
(30rrin)

A

Reaction
(3h)

l oodingat 0T
l addfied to pH5~5.5 by acetic add

Qystds

l freezer for 2h

l filtering
l dyingat 50C
l reaystalization by ethendl

Sdlyl—oysteire
(white ponder)

+Aly bromide(17.28ml) in ethend (35m1)

..........

Sdlyl-—oysteine
(560

+0OVBO200M)

y

Stirring for 30nin

(roomterperature
under argon)

+ potassium far-butoxide(5.60)
in DVBO(40mL) & 6~10 C

A 4

Reaction for 1&h
(roomterrperature)

addfied to pH5~5.5 by aodtic add

v

Qystds

l freezer for 2h
l filtering

l dvyirga 50°C
l reaystallization by ethend

1-Sroperv-L—cysteine
(white )

v

29 3. The diagram S-allyl-L-cysteine, 1-S-propenyl-L-cysteine synthesis.
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1-S—propenyl-L-cysteine
(1.10)

+ distilled water(50mL)

Stirring for 30min

+ H,0,(1mL) in distilled water(20mL)

Overnight
(room temperature)

'

Evaporate
(under vaccum)

'

Yellow ligquid

stirring with methanol

A

White crystal

l filtering

+ distilled water(0.2mL)
+ methanol(5mL)

1-S—-propenyl-L-cysteine sulfoxide
(white powder)

19 4. The diagram 1-S-propenyl-L-cysteine sulfoxide synthesis.

1}) PCSO(S-propyl-L-cysteine sulfoxide)

i W77 A4 500 mle AR EFEk~Ae] L-cysteine 1946 gyt
ethanol 200 mlE& ¥l 50CelA 3083 739tk 10 M2 NaOH £ 10
mlE AA3] H7bsle] 3083F wHS AlZ 2w, propyl bromide 1456 mlE
ethanol 35 mlell o] A A3 H7F ata 3A7F Eek vh& AJFHTH 30CE A3 1
acetic acidE pH 557} € w71+ 3 7}ste] AkA } 39t Acetic acidS #H 78t
W Aol A7, o]E YEad A 2417 B F o ¥ste] 50Tl HxE
t}. Ethanol® AlAAste] 23%9 24 A9l S-propyl-L-cysteines & 53}31
tH1d 5).
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L—-cysteine
(19.469)

A

+ Ethanol(200mL)

(30min i

Reflux

n50C)

+ 10M NaOH(10mL)

A

Reaction
(830min)

+ Propyl bromide(14.56mL) in ethanol(35mL)

A

(3

Reaction

h)

l cooling at 30T

l acidified to pH 5.5 by acetic acid

Crystals

l freezer for 2h

l filtering

l drying at 50C

l recrystallization by ethanol

S-propyl-L-cysteine
(white powder)

v

19 5. The diagram of S-propyll-L-cysteine synthesis.
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S—-propyl-L-cysteine
(4.899)

+ distilled water(120mL)
A 4

Stirring for 30min

+ H,0,(3.5mL) in distilled water(30mL)

Overnight
(room temperature)

'

Evaporate
(under vaccum)

'

Yellow liquid

stirring with methanol

A

White crystal

l filtering

l drying

+ distilled water(1mL)
+ methanol(20mL)

S—propyl-L-cysteine sulfoxide
(white powder)

19 6. The diagram of S-propyll-L-cysteine sulfoxide synthesis.

250 mle AF- E}’\i A%+ S-propyl-L-cysteine 4.89 g3 Dw
120 mlE ¥ar 3023+ uwkekgith. HoO2 35 mlE Dw 30 mlell =5 AA3
7FshaL ol A 24’\]” RS A7l & 7tete] DwE AlASHH w=galel oA
7b AT o] 7]l methanols Wil SEW A AAo] Ariv o Hx 3
% Dw 1 ml® methanol 20 ml® AAAsS] 20%e AN A

S-Propyl-L-cysteine sulfoxides @53 tH ¥ 6).
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t}) MCSO(S-methyl-L-cysteine sulfoxide)
250 mle] 4+ Z 8239 S-methyl-L-cysteine 4.05 g¥ Dw 50 mlE

Ha
30:EEq wnkskgith H:02 35 mlE Dw 30 mlel =9 AAM3] H7pgk & &=

gud

oM 243t wbE AlA Dws A stelM AT Aol e Ao

o
methanol& 2ol 5™ X AA o] A7|m o3} 1% % Dw Iml¢ methanol
20 mlZ AR 23%¢ 3 11x2] S-methyl-L-cysteine sulfoxideE g%

st eH( g 7).

S—methyl-L-cysteine
(4.050)

+ distilled water(50mL)

Stirring for 30min

+ H,0,(3.5mL) in distilled water(30mL)

Overnight
(room temperature)

v

Evaporate
(under vaccum)

v

Yellow liquid

stirring with methanol

White crystal

l filtering

l drying

+ distilled water(1mL)
+ methanol(20mL)

S—methyl-L—-cysteine sulfoxide
(white powder)

19 7. The diagram of S-methyl-L-cysteine sulfoxide synthesis.
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2) Fr=A st
FEAZY FEAZE Y3 FA A ZAT Zegler?t Sticher(1989)2] W
Hell wet 53 22 A2 ZASAT (2" 8). OPA(o-phthaldialdehyde)

140 mgS 5 ml® methanolol] €31A171 ¥ 0.2 ml® 2-methylpropanethiol& %
7}ate] voltex mixer (KMC-1300V, Vision scientific, Korea)® & &35t
o] Zgtdlo] 0.05 M sodium tetraborate buffer(pH 9.5) 50 ml< H7}lsto 2

gAegom, of FEA S zAH 1247 o FHE AR

O-Phthaldialdehyde
(140mg)

l + methanol(5mL)

l + 2—-methylpropanethiol(0.2mL)

Mixing(voltex)

y

Dilute

by 0.05M sodium tetraborate buffer(pH 9.5)

19 8. The diagram of derivatization reagent be prepare.
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3) HPLC &4 & 913 43e] ACSOs & F=

[}
ACSOs A& FEWHE Davidet Kirk(1994)9] Wwls $-g3to] AAs)
freezing3t U3 50 g¢= HUW EHE=E  homogenizedted MCW (methanol:

chloroform:water = 12:5:3v/v/v) £ 100 mlol HAAA 20T W&ol
24 h&<r overnightdtAth. 24 h$ Wai YaFE52ES Ao o zstd
1P EI} FEAS BT %‘—z —ir%(’—ﬂoﬂ chloroform¥ water(chloroform:water =
2:3v/v) 100 mls H7tste] S5 8o 7+ Mo 8<% 59 chloroform
=2 WY 4E9 methanol/waters S #3Fo] vacuum evaporator(N-2N,
Eyela, Tokyo, Japan)® 60CoA FZ=NHo] 50 mle] & uwj7l#] 7Zdw= st

FE2E g9 1 mPS W2 HsFY speed vacuumS o] &3 4 AXAFH S
Et] -20C ¢ Wae] Bys] FATh7F HPLC A Ao A&t tH( 1’ 9).

[l

[

Onion tissue
(509)

homogenizer

l + MCW(100mL)

Steeped
(24h at -207C)

l filtering

MCW extract

phase-separate
by addition CW(100mL)

Methanol/water
phase

evaporated under vaccum
at 60C

Reduced to 50mL

l take 1mL

speed vac.

|

Store
(at —20T)

}

HPLC analysis

19 9. The diagram of ACSOs extraction.
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(A, AAel, G2, AN, 2A=AD) - FHA

492, 0P 7]

RS} Se] WelRES AAGL AAE WA B3 B
3] A

9] deep- freezerol

fz
e
O

2L
32
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3t 2. Cultivars according to three different cultivation of onion.

Sowing in spring Sowing in autumn
Division
Mid and late Precocious Mid and late
ripening ripening ripening
Sapporogi Guigum Superbolhwang
Woolf Sunkei Chunjudaego
Cultivar Jangalhwang Yangchunhwang Turbo
Chunsim Jeabihwang Powerball
Higuma Chosaengdragon OP-hwang

1) ACSOs A& F=& =4
ACSOs A+ F=WH2 HPLC &4 x4 ddd Abgd F34

FAsIo,

5
BN
A
%

o}, %3 W Quercetin AE 3

1) Querceting & F=& XA

Quercetin’d 9] FEWH -2 Nogate 5(1994)¢ WHS A
WA 70T WEaolA freezingdt ¥t 7 #41x & F dxd
FutE FHste] 4 BES AREE AMESTh R 05 ¢
HCI-50%methanolel]l H A A A Ao A 24 hs<¢t overnightd it 24 h¥ %3}
FEE9 7I5EE 98] vacuum evaporator(N-2N, Eyela, Tokyo, Japan)®
90TCoAA 2 hset refluxingst 2™ filter paper(Whatman No. 41)& o 3}38F o
2ZA S e] quercetin FEES I 5SHATHE 10).

_34_



Onion tissue

l freeze—dry

l pulverization

Onion powder
(0.59)

I + 1M HCI-50%methanol(10mL)

Steeped
(24h overnight)

Hydrolysis
I (2h refluxing at 90C)

Filtering
(Whatman No.41)

y

Filtering
(membrane fulter, 0.20xm)

l

HPLC analysis

29 10. The diagram of quercetin extraction.

2) HPLC #4

479 H4e Foel A5 ot FEE
S| o

o
2 o¥g $ "z HPLC #A4stdew #4x12 3% 39 Zo(Krest &,

2000).

3 3. Instrument and operating conditions for HPLC analysis of quercetin.

Conditions

Instrument
Column
Detector

Wave length
Eluant #1
Eluant #2
Gradient

Flow rate
Injection volumn

Shimadzu LC-10Avp system

Symmetry R Cis (5um particle size; 4.6~250mm)
UV-Vis detector

370nm

Methanol

10mM phosphoric acid

45% to 55% eluant #1 in eluant #2 for 45min
0.6m¢/min

2040
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[e)
(Frying),

3 4. Cooking conditions of onion in this study

Fo) 4 FeEE 4y 24

061 6L 4%
A 5= 317}”
49} 22
Z(Steaming) 2.2 3o

ESIC]
] 128 ZSE] Al
3l7] Ade FHE HAdS Wz A

2 7154

6} Eii '15‘0% %
25 A A

3 (Fresh), #o]
Al o)A

me Fhl
oX

ax n9L'
(o

Al
uk

N

Cooking Cooking . Heat Cooking
. weight(g) .
methods time mediator sample form
Fresh 200g - 1.5cm segment
Boiling Tmin 200g water 1L 1.5cm segment
Frying 5min 200g oil 10ml 1.5cm segment
Steaming Thrs bkg - Whole
4, TEAF 93 AEH I MAEH AN
o daw 83 oA 24 24
A79 Bojgonny sl A oy oI FHIY (PRPE ol
stol Febdl % ADP, U695 71024 B4w $YWIS FEate 343
A Y FEES A A Aok xS vu #AFsdn. dad &
Z=27] (Chronolog, Harvertown, PE, USA)E o] &3ttt
U AAA FER
Zuw 3-4¥ AlelE A A left anterior coronary artery(LAD)Z %3t}
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(4002 = 3 infarct size 8 8|4 4585 A&A7]
FA171™, immunohistochemistry &21& ¢la)A 45% 5t 2

b AT

ATCCAA EFee AT ESF HIc2E hypoxic chamber(5% CO2, 95% No,
37C)ol ¥ T N2 30%7F vl saturate® DMEM - Base(serum-free,
glucose-free) & WX & ZolFozZMN AHikA AHO =F A7

in situ® labeling® DNA ZZHDNA fragments)S TUNELWH S o] &3te] &
Atk AEAEES 1% paraformaldehydes ©]-&3to] 143kt o] WH &
ApopTag Plus kit(Oncor, Gaithersburg, MD)Z T 3}o] kiAol wsktl, 7
3 AwstH, wEUeE =719 DNA £7+S digoxigenin nucleotide® #+-87]
Lo Eo|il(tailing), T}HA] floresein—conjugated antidigoxigenin antibodiesZ ©]
f3to] wkS A AT e 4 6-diamidino-2- phenylindole® counterstaining A

£

/\}\

pud

=
nﬂ
B>
4 }J'
oZi

AEYW ROS &4 ROS T dEZAS 0279 H0p ZZbe] Eol¥ oz w83}
= fluorescence dye?l dihydroethidium 3 2°,7-dichlorodihydrofluorescein
diacetate(DCF-DA)E Al&3to] YelvE FJAE=E =4
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A2AddFAE A3

1. HPLC ¥4 z7A g4

kal o] S-alk(en)yl-L-cysteine sulfoxides A&EEXS a4 FH9¢AHo
AAIg standard @/doll Al WA} o] AR m g e =EE & A
o, Ao dash R AFFEAEZAN RTFAE AL olwo] A 4
A= MCSO(S-methyl-L-cysteine sulfoxide),
PrenCSO(1-S-Propenyl-L-cysteine sulfoxide), PCSO(S-Propyl-L-cysteine
sulfoxide) zkz} 0.9991, 0.9883, 1 o] it} AR FZ R A<
S-alk(en)yl-L-cysteine sulfoxides’d & 2l& 93] Fx=A3s} stdom wpx|eto
2 A% % F39 S-alk(en)yl-L-cysteine sulfoxidesd < HPLCZ &3 - A
okt

FEAG R BE 24

z}7zko]l  standard MCSO(S-methyl-L-cysteine sulfoxide)?} PrenCSO(1-S
—propenyl-L-cysteine sulfoxide), PCSO(S-prpyl-L-cysteine sulfoxide)?] &g

S HPLC #43F A3} 7 113 o] 38 HdF = A&3] standard peak’} EF
AZHAA W 2 standard7+] tR(retention time, min)o] -FAFsFe] A &A}o] <
B3 Bt 27k AW Krest 5(200008 WS $-g3to] fx=4 3}
HA4S AX $F HPLC 24& AAs 23 19 12949 Zo] A&3te 9
=27 Jhsskde ek Suxd 9] ACSOs(S-alk(en)yl-L-cysteine

sulfoxides)d & FEES T3t #4E& AXA &3 vt2 HPLC #4& AA
= | 10 Wl peak’} HEHNoH, FE=A3 A]7]7]
9] standard chromatogram Z¥}e} wpx7EA =2 7} AJE3ke] 87 &7

O A3 28 149
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Volts

Volts

o 1 2 3 4 5 6 7 8 9
Minutes

29 11. HPLC chromatogram of standards.

Minutes

19 12. HPLC chromatogram of derivative standards.
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Volts

Volts

Minutes

29 13. HPLC chromatogram in extracts of onion tissue.

025
0.20
015 ‘
0.10
0.05
\\‘
N A
\ Al SN N —
0.00
o 20 25 30 35 40 45 50 55 60
Minutes

2% 14. HPLC chromatogram in derivative extracts of onion tissue.
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1} ACSOsA & peak?] +3

Pk =2 e ACSOs i #8& flsf WA standard &3+ HPLC &
A A2 7 standard chromatogram¥ v]wdo 2 2z} AR o (RS A3A
t}. 2 A3} MCSO(S-methyl-L-cysteine sulfoxide)”} 152802 7} WA #
EHA A, PrenCSO(1-S-propenyl-L-cysteine sulfoxide) = 28.4%
PCSO(S-propyl-L —cysteine sulfoxide)= 36.6% o2 HAEHAHZH 15).

Retention Time

Volts

\]

————— 28.400

Minutes

19 15. HPLC chromatogram of standard(0.5mg/ml).

* 1: MCSO(methyl-cystein sulfoxide), 2: PrenCSO(1-propenyl-cysteine sulfoxide),
3: PCSO(propyl-cysteine sulfoxide).

oA gHue & gute] ACSOs A%< HPLCE 43 A= a9
16, 3 59 Zth 29 169014 U Ao H|Fo] B u F FF oA
MCSO, PrenCSO¢t PCSO Aol AdlZ AZHAY 4 Fada gre
ACSOs AES %413 23 MCSO 32 0.158 mg, PrenCSOE 0.352 mg,
PCSOE 0.033 mg2 2 PrenCSO AJ&©] MCSO<9F PCSO A& Hvl3] =4 YE
gk w3 Eoleka ST E MCSOE 0.135 mg, PrenCSOE 0.325 mg,
PCSO+= 0.035 mgo2 BH dutoA ald A8 nparix e d3E Yeh
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Atk F FFZEe] ACSOs A& vl k= s o= yeistt.

Turbo
02
0.20
*
1
|
N |
3 o |
s |
| \
} -]
|
|
-
0.05 ‘ | | ’ | ‘ 3
| | |
| 1 |l “M i 2
H “\‘ \ H I “H‘J‘ [l ) A
000 "U U thj‘\A PR LU /| AN SN N~
o 5 10 15 20 25 30 35 40 45 50 55 60
Minutes
Woolf
0.25
02
g 0.15 *
S ‘\ \‘ 1
I
W
0.10 ‘ ‘ ‘ ‘
\ |
} W‘ “ ‘\ |
005 | H
n (i 3
W “\ “H i 2 Nl
o N \J‘_} o] “\J A ’s\; N WANEIAN
o s 0 s 0 2 0 55 w0 s 50 s w
Minutes

29 16. HPLC chromatogram of Turbo(upper) and Woolf(bottom).

* 1: MCSO(methyl-cystein sulfoxide), 2: PrenCSO(1-propenyl-cysteine sulfoxide),
3: PCSO(propyl-cysteine sulfoxide).
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¥ 5. Levels of Alk(en)yl Cysteine Sulfoxide(mg) for two onion cultivars.

Cultivar MCSO PrenCSO PCSO Tatal ACSOs
turbo 0.158 0.352 0.033 0.543
Woolf 0.135 0.325 0.035 0.495

MCSO = S-methyl-L-cystein sulfoxide, PrenCSO = 1-S-Propenyl-L-cystein
sulfoxide, PCSO = S-propyl-L-cysteinsulfoxide.

2. 3% W ACSOs BE & 2 NE AF

FohE T AT/ HFYFHAD Y, nPAFAD
ez}
AN

o o ’
sEdd T AL EM ) ARE AT

FEAY S =) oMY 8-
FI 1 ACSOs 7| ¥ O 7 HE] Sbuf ol =
B ==
43 W ACSOs ¥2 ACSOs A+ o
o SiA AENE
FE standard 24
¥ F&2 ACSOs
| olFUEE AR Ngdea A g |
AF Al F

3. %39 E£4 ACSOs(S-alk(en)yl-L-cysteine sulfoxides)A & &% vn

Futol  HFA|7|} AR 2 F3d  ACSOs(S-alk(en)yl-L-cysteine
sulfoxides)d 9] &S dolrr] fJ8te] F 15%F S AEste] HPLC 43}
dow 7 AxE vy 2oH(E 6). Total cysteine sulfoxides 3ol A 2+

W ofrelash A vhebgow] E3 FWA> F3 FRA> F3 24F el
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322 APYelA FE A= fle Ao®E YEET 72 AEEE F9
TS B MCSO(methyl-cysteine sulfoxide)™ 2F&7he]l #2271 <0.0001%
= o EFEF7H FYAE  §93, PrenCSO(1-propenyl-cysteine
sulfoxide)9] A% 23t {927t 0.00412 =2 Holdo FFHe] {9

H RO A
A= ¢
o] zpolel

A
71018 Ao g Algd K AdAy & 15FF 5 A EZ 7oA ACSOs9 gHaF
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3t 6. Quantification of ACSOs in different cultivars grown under three

different cultivation conditions.

Cultivation Culfivar content of ACSOs in onion tissue(mg/100g fw)
Group” MCSO* PrenCSO PCSO Total
sowing in spring SpPY 2052+12.8%"  104.82+40.89 056+ 0.80 135.40+36.29
mid and late WF 2273+ 572 63.15+12.35 595+ 1.59 91.83+17.17
ripening JA 21.99+ 714  69.23£19.65 0.37+ 056 91.59+22.99
(Group 1) CS 2521+ 369  90.79+17.66 0.10+ 0.06 116.09+19.65
HG 2413+ 9.08  69.79£29.35 0.18+ 0.27 94.10+35.81
sowing in autumn GG 20.63+ 818  77.95+16.31 2.99+ 058 101.57+22.51
precocious ripening  SK 14.35% 241  47.09+19.59 6.03f 096 67.46£19.64
(GroupIl) YC 1852+ 543  61.06+37.64 3.16+ 0.92 82.74+40.07
JB 1376+ 232  54.26+19.66 3.20+ 0.83 71.11+£22.42
CD 11.84+ 225 437141726 394+ 160 59.48+18.18
sowing in autumn SB 1822+ 468  6591+14.32 6.10+ 1.49 90.23+17.58
mid and late CJ 16.84+ 620  79.38+35.28 7.83+ 1.16 104.04+38.47
ripening TB 2275+ 485  65.06+£21.49 815+ 221 95.99+25.66
(GroupIl) PW 2099+ 228 7198+ 942 6.64+ 1.24 99.62+ 9.73
OoP 26.02+ 655  80.74+18.08 4.68+ 2.61 111.44+19.97
Between groups koK *% sk sk
Between 5 cultivars
in the same groups NS NS o NS
Between all 15 cultivars NS NS otk NS

¥ season for sowing and ripening
* MCSO: methyl-cysteine sulfoxide, PrenCSO: 1-propenyl-cysteine sulfoxide, PCSO:
propyl-cysteine sulfoxide.

¥ The values are mean * standard deviation(n=5).

Z SP: Sapporogi, WE: Woolf, JA: Jangalhwang, CS: Chunsim, HG: Higuma, GG:
Guigum, SK: Sunkei, YC: Yangchunhwang, JB: Jeabihwang, CD: Chosaengdragon, SB:
Superbolhwang, CJ: Chunjudaego, TB: Turbo, PW: Powerball, OP:OP-hwang.

NS, * *x* %% ; Non-significant or significant at P = <0.05, <0.01 or <0.001, respectively.
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19 17. HPLC chromatogram of onion extracts from three different cultivars.
SP* : Sapporogi(sowing in spring mid and late ripening), GG: Guigum(sowing
in autumn precocious ripening), OP: OP-hwang(sowing in autumn mid and

late ripening).
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4. 4yt R4 ACSOs(S-alk(en)yl-L-cysteine sulfoxides)A & $t3F v

ol

B=)

F-91 cysteine sulfoxide®] 3+ 51 Srtl o)A Fekol
A F74eHs dEbdo] A A o 7 7152 e Fugde qgg S
oA E A A WA &8 ThsAdo]l =& AoE JEH(aH
18). Z+ BHoAae FA EAS Hwa ®EWE MCSO (methyl-cysteine
sulfoxide), PrenCSO(1-propenyl-cysteine sulfoxide) A &S 3o Ao ko
Ha] €53 =4 vely e PCSO(propyl-cysteine sulfoxide) 43

e e

i rlr

oft
1o Ho
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400
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2 M skin

5800 |
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3 0 ﬂ ]
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a9 18. Comparison of ACSOs according to different sections in 'Turbo’

onion

5. ¥39 £F9 Quercetin AE TF v

okule] Z2W HuE 9] 4 AgdE 5EFA HAdslyg oW quercetin A E
+AE fle sddx F duE 2 ¥el IM HCl- 50%methanolell A 5% 8}
o] HPLCEA stk Ao "3t X FFE 22 A standard quercetin®] ¥
TS AL ol o] A AA AT E 0.9986°] AT
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7}. Quercetin A& peake] &<l

& el quercetin AwEAS 8 FAUAXI Y3 powder FEAS
HPLC #2413 Z3} standardoll A 9] peak$t A X|351#] ¢ttt} o]+= standard®] 7
S AAE £Fek 20 vkA gy FE NS quercetin /‘éyr | o8 F7|E9]
debEol 7] wEol™, o] g glucose HNES
=0t refluxing o =M 7388kt A3} FulFE o
A standard peak®} LA st Al <l 428 quercetin AEo] LAHJTH(LH
19). Leighton 5(1992)2 3 HFO2ZHE  quercetin - diglycosides,
isorhamnetin glucoside, quercetin 4’'-monoglucoside®} quercetin 5 47019 &2
S Ha3t A, Lee 5(1996)2 <%yl 380 ZXEE quercetin diglycosides, rutin,
isorhamnetin glucoside, quercetin 4’-monoglucoside ¢} quercetin 5 57019 £3&
S R Ras(1998)8 9Fubol A quercetin 4'-monoglucoside®} quercetin
S 270 BES BEysta gy flavonol® 53% o] Aol quercetino] &t H a1
3t quercetin®] FAdEolgta Sk Th B AgAA I e 82 A
of 9lsle] Q3 ‘:}E BEEES AASY] de £43F quercetin AFEOE

Ra(1998)5 2] 2ot A gt}

chromatogram®l

_53_



T

standard

onion

® ———— T
1 - L e E | k] o L L] L]

9 19. HPLC chromatogram in standard(2.0mg/ml, upper) and extracts of
onion powder(bottom)
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3£ 7. Quantification of flavonoid from different cultivars grown under three

different cultivation.

content of quercetin

cultivation Group® cultivar ) i
in onion powder(mg/g dw)
sowing in spring Sapporog 6.19+ 0.57"
mid and late ripening Woolf 477+ 0.39
(Group 1) Jangalhwang 5.92+ 0.48
Chunsim 5.88+ 0.12
Higuma 6.57+ 0.09
sowing in autumn Guigum 6.55+ 0.51
precocious ripening Sunke 569+ 0.18
(GroupIl) Yangchunhwang 541+ 0.20
Jeabihwang 6.31+ 0.41
Chosaengdragon 5.14+ 0.37
sowing in autumn Superbolhwang 6.45+ 0.32
mid and late ripening Chunjudaego 5.93%+ 0.29
(GroupIll) Turbo 5.92+ 0.29
Powerball 5.83+ 0.35
OP-hwang 568+ 0.23
Between groups NS
Between 5 cultivars in the same groups Kk
Between all 15 cultivars stk

* season for sowing and ripening
¥ The values are mean * standard deviation(n=5).
NS,*,#x % ; Non-significant or significant at P = <0.05, <0.01 or <0.001, respectively.

_56_



6. &9 HF FeH¥ ACSOs(S-alk(en)yl-L-cysteine sulfoxides)A £ % W]

HE 45 i (AYgs, #& 439 8 49, F43d mgE  F
ACSOs(S-alk(en)yl-L-cysteine sulfoxides)A &9 25 &
o, X, S5 B9 G so® =4 veuti(aE 20). @ B FuA
o A9 U*y SFHNME 458mg/100g, FEe =9 F$ 544mg/1000.2 #&
Gt At v 53 579 ACSOs(S-alk(en)yl-L-cysteine sulfoxides) ¥F3F
= UEW A

ACSOs(S-alk(en)yl-L-cysteine sulfoxides) &0l 2+ A8 Az zte 3
2 2o]lE AHE Ay $£4 MCSO (methyl-cysteine sulfoxide):=
Z7F 112mg/100ge.= & Ao H&] =2 FFS yEdden
PrenCSO(1-propenyl-cysteine sulfoxide) A&E%E w372 &S g1 A7}
Eokom Adutet FddE W= FEFS vEhd At PCSO(propyl-cysteine
sulfoxide) 9] A% F%97F 1.9mg/100g o2 thh %2 &S yegdddg. 2 4o
TFAZE MCSO  (methyl-cysteine  sulfoxide)?t  PCSO(propyl-cysteine
sulfoxide) Aol 7|& AFAZe va] @& FFs Hepled o= AujA <,
Al gk o] Apol7t s MHE AOE Al ET

ik
rlo
o
“
R

150

‘EIFresh HFry MBoiling onion M Cooking water [OSteaming

Al |

ngF

120

90

onlmas o

60

30 [

O_If--_‘
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219 20. Quantification of ACSOs from different cooking methods
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o AAAR FEE A AE ST e Quercetin®] A &3
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3t 8. General characteristics and body composition

N=12 N=18 i

AGE (yrs) 56.17 = 6.49 56.53 =+ 5.40 0.5840
Height (cm) 157.02 + 6.65 160.61 = 7.51 0.9327
Weight (kg) 62.62 + 6.32 65.73 =+ 8.64 0.6337
BMI (kg/m?) 25.39 = 1.91 22.58 =+ 8.52 0.5385
Glucose (mg/dl) 96.43 + 13.20 96.28 = 20.80 0.3960
S.8.P" (mmHg) 122.5 = 11.38 128.94 =+ 15.12 0.7850
D.B.P? (mmHg) 76.67 = 10.73 81.53 =+ 9.58 0.7253
GENDER (%) Xz

MALE 33.33 66.67 0.073
Educational level (%)

No school 8.3 0.0

Elementary 41.7 15.4

Middle school 16.7 23.1 0.1828

High school 8.3 46.2

College 25.0 15.4

Mean + S.D, P-value of the t-test,

P value comes from the t-test for the difference between treated and

control groups

1) S.B.P: Systolic Blood Pressure, 2) D.B.P: Diastolic Blood Pressure

3% 9. Changes of serum lipid profiles after onion consumption

Baseline After 4wk Baseline After 4wk P
TG (mg/dL) 133.75 + 5028 155.17 + 5055 137.94 = 81.09 161.28 + 83.10 0.9401
T-ChoP (mg/dL) 24450 = 2647 221.35 + 2621 23528 =+ 31.48 220.06 = 3021 0.3657
HDL-C? (mg/dL) 5817 = 1887 5575 + 1653 5633 = 13.01 5406 + 11.11 09717
LDL-C? (mg/dD) 15958 + 2852 151.22 = 2466 157.22 = 31.01 14232 + 3296 0.4803
Glucose (mg/dl) %.43 + 1320 9386 = 893  96.28 + 2080 9772 = 1672 0.2993
Weight (kg) 6262 + 632 6209 = 616 6573 + 864 6469 = 910 03836
BM® (kg/r) 2539 = 1.91 2518 +1.92 2541 +239 2501 = 254 03749
S.B.P? (mmHg) 12250 = 11.38 12250 + 12.88 12894 + 1512 121.22 = 1236 0.2200
D.B.P? (mmrHg) 7667 = 1073 7833 +937  81.53 + 958 7578 =+ 998 <0.0001

Mean =+ S.D, P-value of the GLM.

P value comes from the t-test for the difference between treated and control groups
1) TG Triglyceride, 2) T-Chol: Total-Cholesterol, 3), HDL-C: HDL-Cholesterol, 4) LDL-C: LDL-Cholesterol,

5) BMI: Body Mass Index, 6) S.B.P: Systolic Blood Pressure, 7) D.B.P: Diastolic Blood Pressure

11. QJAAFHoNA F3 ¢3E 5

7}, Fdhe] AT FHES A
T3 RS e A A
(& 10)
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W G FE2E AATCAAM do AHAF SAAAE F=7F 179.5mg/dLel A A
“

Z 8FZ=136.0me/dLE 9 shAl A2 o (p<0.05) R E
163.7mg/dLo A1 140.4mg/dL= 7F2dte] 1& 7= F98k zpo]7F LERA

EATHIE 11).

o wld 500gel FEE de) dBy FEEL 8FA AANT S FAA
o 747k e dxwdA Hadel EAden fold Aot W
T olfE FASE AATY QFAP A Aol ol AMonE
A ZAE HAeE 497} gol 9x, B oAE] 4% 1483
we e BxpEel] W APdeld] YBYAe] WEE 4 gL A
SAFASANE 228 oo 4udA =L G Aolg AEE

3t 10. General characteristics and body composition

N=15 N=14 v

AGE (yrs) 46.79 = 4.90 47.11 = 6.49 0.8842
Height (cm) 162.56 =+ 7.37 166.32 = 7.91 0.1959
Weight (kg) 67.62 = 9.87 65.63 =+ 11.43 0.2543
BMI (kg/m?) 25.53 =+ 2.82 26.05 + 2.82  0.6294
Glucose (mg/dl) 86.80 = 9.87 85.14 =+ 9.55 0.6500
S.B.P” (mmHg) 124.87 = 1699 12693 = 12.59 0.7150
DB.P? (mmHg) 7833 = 1214 8036 * 6.02  0.5719
GENDER (%) X

MALE 53.33 64.29 0.5496
Educational level (%)

No school 0.0 0.0

Elementary 0.0 0.0

Middle school 13.3 0.0 0.3480

High school 20.0 28.6

College 66.7 71.4

Mean =+ S.D, P-value of the t-test, P value comes from the t-test
for the difference between treated and control groups
1) S.B.P: Systolic Blood Pressure, 2) D.B.P: Diastolic Blood Pressure
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3t 11. Changes of serum lipid profiles after onion consumption

Acohd Bxtract (N=15) QONTROL(N=17)
Baseline After 4nk After 8ak Baseline After 4nk After 8ak

T(rg/d) 17947 + 5733 16473 +555la 13500 + 4768 16371 + 6499 15021 + 7441 14043 +51.27 01121
TCho? (ng/d. 26353 + 2698 26247 + 2384 24840 + 201 25493 + 2539 25057 +3R60 24421 + 2378 07160
HLQ (/. 5567 +11.06 5533 +1090 5620 + 1168 5471 +1415 5043 =11.09 5421 =11.52 0808
IOC (rg/d) 171.97 + 2803 17419 + 2633 16520 +21.33 16747 +2532 17910 +3993 16191 =+ 2418 09090
Quose(mg/d) 8680 + 987 9467 +1437 813 = 1431 8514 +95 957 +1516 9136 + 11.69 01497
Weight (ko) 6762 987 6777 +983 6741 £937 7R3 1143 7% 128 7236 = 1275 09434
BVP (kginf) 2553 +2.8 2550 + 2.8 2545 +273 2605 +290 2614 £329 2607 =324 0%Bl4
SBP (g 12487 +1700 12480 = 1615 12167 = 1252 12693 + 1250 12786 + 1267 121.64 + 1439 07221
DBP (mty 7833 + 1214 7953 +1006 7873 = 1015 8036 +602 7950 +78 808 +745 0902

Mean +S.D, P~value of the AMtest between group difference of baseline and 8aeeks

ab: means ina sane rowfolloned by the sarre letter are nat signifianatly different fromeach ather by duncan's muitiple range test.
1) TG Tridlyceridk, 2) T-Chol: Total-Cholesterd, 3), HDL-C HDL-Cholesterd, 4) LDL-C LDL-Cholesterd,

5) BM: Body Mass Index, 6) S.BP. Systdlic Blood Pressure, 7) DB.P. Diastolic Blood Pressure

12. QAAFANA F3 AFH Feid A2F 715 AL &% R F871d 47

7}

S AAS] A zEAde B4 A% FARATH gx2E 4 A4, o
AZA, A FolA freld Aol7k et SavhGE 12).

715 ol &e g AHTAA dute HH A & RS
FHl 2 E0] HHA 2644mg/dLAlA 2263mg/dLZ 9 8A FAEAL
(p<0.001), LDL-Z#d ~H =< 156.2mg/dLol A 139.2mg/dLe.2 (p<0.01), &
T2 97.0mg/dLel A 832mg/dLoZ (p<0.01)2] 93 #Za7F e, o
ZUAAME F2AFE Aoy SAA Folde YERUA ZATHEE 13).

il
=
=1
o
2
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of

G AL txzae) WEke Husdle wels A Ao Fg el A
= gHaske] #3be] Fofd Wste glodth dRe Afes dxzddAM s
H37E gl od ATl Fod HaE Hol gy AFHT ey
AFALANA  dixaa Haustel 2% Fo4 s HAE UEddd
(p=0.0097)

of A3t= EdiR o EFE o8] HeoE s Y 45 49
A 4ol SAAd B AN Ade] Aol el oA
Ad 2a7E = Ae & 7 AT =Syt A% 3 A7 1A
250g)S AFsHRa, Adute] A9 w(eF 125g)AdF st Fuk FEE(oF
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3t 12. General characteristics and body composition

N=12 N=18 N=16 v

AGE (yrs) 56.50 = 8.21 55.61 =+ 9.67 56.16 =+ 5.48 0.5840
Height (cm) 162.08 =+ 8.52 159.82 =+ 9.05 160.65 = 7.51 0.9327
Weight (kg) 63.93 =+ 8.58 61.25 = 12.74 65.17 + 7.38 0.6337
BMI (kg/mz) 24.26 = 1.82 23.88 + 3.89 22.06 = 8.86 0.5385
Glucose (mg/dl) 100.75 = 13.03 97.11 = 20.19 96.31 = 22.03 0.3960
s.B.p" (mmHg) 131.25 =+ 13.57 128.78 =+ 20.34 124.80 + 10.26 0.7850
D.B.P? (mmHg) 82.33 + 11.20 83.39 = 11.11 79.07 + 7.05  0.7253
GENDER (%) x°

MALE 50.00 33.33 68.75 0.1194
Educational level (%)

No school 8.3 0.0 0.0

Elementary 25.0 22.2 8.3

Middle school 25.0 22.0 25.0 0.4601

High school 8.3 33.3 50.0

College 33.3 22.2 16.7

Mean + S.D, P-value of the GLM, P value comes from the t-test for the
difference between treated and control groups
1) S.B.P: Systolic Blood Pressure, 2) D.B.P: Diastolic Blood Pressure

3t 13. Changes of serum lipid profiles after consumption

Cooked and raw onion consurrption
RawCOnion (N=12) Cooked Onion (N=18 CQONTROL(N=16) p
Baseline After 4nk Baseline After 4nk Baseline After 4nk

& (/) 1375 =629 12275 +4825 14300 + 6466 14017 + 6056 12969 = 7029 14281 = 6646 04840
T-Cho? (rg/d) 23142 1563 21842 +4054 26444 =2393 2667 3035 23850 +31.84 22569 +2646 04963
HLC (g/d) 5508 =119 5550 +1336 6161 +1671 5944 + 1592 5606 + 1261 5456 +11.70 04444
IO (rg/d) 14958 = 2277 13837 3705 15623 =2420 13919 =3051" 16081 +3093 14905 +2690 0593
Quoose(mg/d) 10075 = 1303 9408 =2060° 9711 +2019 &.17 + 148" %31 + 2203 9731 + 1769 00097
Weight (ko) 6393 +858 6387 +88 6125 + 1274 52 + 128 6517 +738 6401 =775 05136
B (kg/n) 242 +18 2423 +18 238 +38 2433 =371 206 +88 2478 +231 02545
SBP (mt 13125 + 1357 12050 =1839° 12878 =2034 12344 + 2065 1248 =1026 12200 = 1281 02354
DEP (i) 833 +11.20 7542 =1251  &39 1111 7878 = 1405 7907 =705 7681 +1009 06039
Mean =SD, * Significant at p<0.05, ** p<0.01, *** p<0,001 by peired t-test.

abr means ina sae rowfolloned by the sarre letter are nat significnatly different fromeach other by duncan's muitiple range test.

P-value of the @ Mtest between group difference of baseline and 4 weeks

1) TG Triglyceride, 2) T-Chol: Total-Cholesterdl, 3), HDL-C: HDL-Chdlesterdl, 4) LDL-C LDL-Cholesterd,

5) BMI: Bodly Mass Index, 6) SBP: Systalic Blood Pressure, 7) DB.P: Diastdlic Blood Pressure
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Cardioprotective effect of onion (Allium cepa) through inhibition of

w0l nTU2HEEST xte] Ad Al A= P
B

oxidative stress and mitochondrial death pathway. J. Nutr. (=% i %)

=ARAE (p95~pll7) F=E

=3 ¢

Cardioprotective effect of onion extracts against ischemic injury. #| 123]
7]z 2] 8ttt 3] (2004).

Propylcystein sulfoxide(PCSO), a major sulfur compound of onion,
screened by PPAR¥ ligand-screening system and its functional study. &+
= Y sh ek A =53] (2005).

Fute] dIE FEEO] AZA G A= G I dEs] (2009
Cardioprotective effect of onion extract against apoptotic death induced
by ischemia in vitro and in vivo. A 143] 7] %9t at&th3] (2006).
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Effects of ethanol extract of onion on the lipid profiles in patients with

hypercholesterolemia

Nam, Kyung Hui* - Joung, Hyo Jee™ - Baik Hyun Wook™ - Choi Tae
Youn™
School of public health®, Seoul National University, Seoul 110-460, Korea

Department of Gastroenterology, Boondang Jaesaeng General Hospital,
Seongnam 463-774, Korea™

Soonchunhyang University Hospital and Soonchunhyang University College of
Medicine3, Seoul, Korea™"

Abstract

It is known as that onion has positive biological functions such as increasing
antioxidative and antibiotic capacity and decreasing blood pressure and serum
cholesterol levels. This study was carried out to investigate that ethanol
extracts of onion enhances blood lipid profiles in patients with
hypercholesterolemia. Subjects were 43 adults with hypercholesterolemia and
randomly divided into 2 groups (control group: 25, treated group: 18). Control
group was offered to take placebo for 4 weeks, and treated group was offered
to consume ethanol extracts of onion for 8 weeks. There were no differences
in sex, age, body mass index(BMI) and educational levels between groups
before treatment. After 8weeks of onion extract consumption, plasma
triglycerides level was significantly decreased in treated group compared to
control(p<0.05). Total cholesterol level was tended to decrease in treated
group, but there was no significant difference between control and treated
group. Plasma glucose, HDL-cholesterol and LDL-cholesterol after onion

extract consumption were not changed significantly after onion extract
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consumption. In summary, alcohol extract of onion may have a positive effect
on the lipid profiles of hypercholesterolemia patients through decreasing

plasma triglyceride concentration.

Key words: onion, alcohol extract, hypercholesterolemia
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Table 1. General characteristics and body composition
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0L BP (gl 787 + 9.3V 50 = 1151
GENDER {%) - Ty
MALE 0L 00 5556 707
Edisc ational level &)
Mo schoal LR (K]
Elesrre il ary 4.0 0L
Ml s boal 12 11 . 7444
High school 2.0 e 5
ol 0L jrz

1 ¥adues are mean + 50

21 Treated is cron ofered group

2 P from t-test, % Mot signifeant im0 0%)

A4p Cha-square test

5 EMI: Body Mazs Incex

Bl 5 B Systolic Blood Pressure, & DEP - Diastolic Blood Pressure
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Table 2. Changes of serum lipid profiles after onion consumption
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ABSTRACT

In the present study, we investigated whether onion extract have
cardioprotective effect against ischemic injury in heart—-derived H9c2 cell
culture system and rat myocardial infarct model in vivo, and if so, whether
the beneficial effect of onion is attributed to its antioxidant property. In H9c2
cells, onion extract markedly elicited cardioprotective effect against
hypoxia-induced apoptotic death, demonstrated by its inhibitory effect on
hypoxia-induced caspase-3 activation and increase in TUNEL-positive cells.
Onion extract also inhibited elevation of reactive oxygen species (ROS)
generation during hypoxia, and blocked hypoxia-induced decrease in
mitochondrial membrane potential and cytochrome c release.

In conclusion, the results from this study suggest that onion extract has
a significant cardioprotective effect contributed to antioxidant activity and the
signaling cascade of its antiapoptotic effect involves inhibition of mitochondria

death pathways.
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INTRODUCTION

Ischemic heart disease, a worldwide health problem, results from severe
impairments of the coronary blood supply usually produced by thrombosis or
atherosclerotic plaques (1). One of the major causes of the ischemic heart
disease is known to be oxidative stress, which is caused by an imbalance
between oxidants and antioxidant defenses. During myocardial ischemic injury,
activities of antioxidant enzymes such as superoxide dismutase (SOD) and
catalase have been reported to decrease, and the generation of reactive
oxygen species (ROS) is increased at the site of damage (2,3). Potential
antioxidant therapy should, therefore, include either exogenous supplementation
of natural antioxidant or augmentation of endogenous antioxidants.

Onion, a vegetable member of the genus Allium, is known to have a
potential to scavenge ROS (4) and increase activities of antioxidant enzymes,
such as SOD and catalase (5), suggesting a beneficial role of onion in
ischemic heart disease. Indeed, rates of atherosclerosis or thrombotic disease
were decreased in populations with increased onion intake (6). Consistent with
these reports, we previously have demonstrated thatonion extracts elicit
anti-thrombotic effect through inhibition of arachidonic acid release and
thromboxane A2 synthase activity (7).

Under these considerations, we hypothesized that onion may play a
protective role during myocardial ischemic injury. This study, therefore,
investigatedthe effect of onion extract on ischemic injury in heart-derived

H9c?2 cells and in vivo rat myocardial infarct model.
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METHODS

Cell culture and hypoxia system

Heart derived H9c? cells were purchased from American Type Culture
Collection (Rockville, MD) and cultured before experimentation in Dulbecco’s
modified Eagle;s medium (DMEM) containing 5.5 Mm glucose supplementation
with 10% fetal bovine serum. For hypoxic challenges, H9c2 cells were
transferred into an anaerobic chamber (Forma Scientific, Marietta, OH, USA)
maintained at 37C with a humidified atmosphere of 5% CO2, 10% H2, and
85% N2. In the anaerobic chamber, the culture medium was replaced with
serum-free, glucose-free DMEM that had been saturated with N2 gas for 1
h. Normoxic incubation of the cells in the serum—-free DMEM was conducted
in a water—jacked incubator gassed with 95% air and 5% COZ2 at 37C.

Onion extract treatments

In vitro, onion extract was dissolved in dimethyl sulfoxide (DMSO), the
final concentration of DMSO was 0.196, and this concentration of DMSO was
found to have no effect on H9c2 cell viability. H9c2 cells were treated with
inhibitors 30 min before and during hypoxia. In vivo, Chronic oral
administration in rats were administered orally 1 ml vehicle (0.9% NaCl) or
various doses (0.1, 1.0or 10 g/kg) of onion extract , daily from the day of
operation till 14 days after. In intravenous study, onion extract was dissolved
in saline (Sigma, USA) and administered intravenously by a single bolus
injection (0.1, 1.0 or 10 g/kg) 30 min before th e LAD occlusion. The
concentrations and durations of onion extract-treatment were chosen on the

basis of preliminary studies (data not shown)
Lactate dehydrogenase (LDH) assay
To measure overall cell injury, we assayed the activity of LDH released

into the medium 10 h after hypoxia insult as described previously (8), i.e., by

spectrophotometric analysis at 340 nm
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In situ terminal deoxynucleotidyl transferase UTP nick end labeling
(TUNEL)

To examine the extent of apoptotic cell death, we performed
TUNEL-staining after 8 h of hypoxia with a commercially available ApopTag
Plus kit (Oncor, Gaithrsburg, MD, USA). As described previously (9).

Caspase -3 activity assay

The cells were lysed with lysis buffer (10 mM Tris/HCI, 0.32 M Sucrose,
1 mM PMSF, 1% Triton X-100, 1 g/ml aprotinin, 10 g/ml leupeptin, 5 mM
EDTA, and 10 mM DTT, pH 80) for 30 min and the lysates were
centrifuged (10,000 g for 5 min at 4°C). Samples (200 g) of the extracted
protein were incubated with the reaction buffer (100 mM HEPES, 10%
sucrose, 0.1% 3-[3-cholamidopropylammonio]-1-propanesulfonate (CHAPS), pH
75, 10 mM DTT and 10 g/ml leupeptin) to 100 1 volume containing 200 M
Ac-DEVD-p-Na (Biomol, Plymouth meeting, PA, USA). Enzyme-catalyzed
release of p—nitroanilide was measured at 405 nm using microplate reader
(Molecular Devices, Palo Aldo, CA, USA).

Separation of cytosolic and mitochondrial fractions

The cells for lysate preparation were washed twice with ice-cold PBS and
collected by centrifugation at 1,000 g for 10 min at 4C. The cell pellets were
washed once with ice-cold PBS and resuspended in lysis buffer (20 mM
HEPES-KOH, pH 7.5, 10 mM KCl, 1.5 mM MgCl2, 1.0 mM sodium EDTA,
1.0 mM sodium EGTA, 1.0 mM dithiothreitol, 0.1 mM phenylmethylsulfonyl
fluoride, and 250 mM sucrose) supplemented with protease inhibitors (10 g/ml
leupeptin, 10 g/ml aprotinin). The cells were then homogenized in a glass
homogenizer, and the nuclei and cell debris were removed by centrifugation at
1,000 g for 15 min at 4C. The supernatants were further centrifuged at
10,000 g for 15 min at 4C, and the resulting mitochondrial pellets were
resuspended in lysis buffer. The supernatants created from the 10,000 g
centrifugation were centrifuged once more at 100,000 g for 1 h at 4C, and

the supernatant was collected and designated the cytosolic fraction.
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Western blot analysis for cytochrome c release

To quantify cytochrome c release, Westernblot analysis in the mitochondrial
and the cytosolic fractions was performed. A quantity of 40 g protein of
either the cytosolic fraction or the mitochondrial fraction was separated on
15% SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel electrophoresis)
and transferred onto PVDF (polyvinylidene difluoride) membrane (Millipore,
Bedford, MD). The membrane was blocked with 5% nonfat dry milk for 90
min, and incubated overnight with a primary mouse anti-cytochrome c
monoclonal antibody (BD Biosciences, Lexington, KY, USA). The membrane
was then incubated with a secondary anti-IgG antibody conjugated with
alkaline phosphatase for 4 h, and the cytochrome ¢ band was visualized using
the NBT/BCIP method (Sigma-Aldrich, St. Louis, MO, USA).

We verified the mitochondrial fraction with the mitochondrial marker
cytochrome oxidase subunit IV (COX IV, Molecular Probes, Eugene, OR,
USA), and cytosolic fractions with the cytosol marker actin (Sigma, St. Louis,
MO, USA).

Intracellular ROS measurement

5(6)-Chloroemthyl-2'2,7' —dichlorodihydrofluorescein  diacetate—acetyl ester
(CM-H2DCFDA; Molecular Probe) is an ROS-sensitive probe that can be
used to detect oxidative activity in living cells. It passively diffuses into cells,
where its acetate groups are cleaved by intracellular esterases, releasing the
corresponding dichlorodihydrofluorescein derivative. Its thiol-reactive
chloronethyl group reacts with intracellular GSH and other thiols. Subsequent
oxidation yields a fluorescent adduct that is trapped inside the cell.
CM-H2DCFDA 1is prepared in HCSS immediately before loading. H9c2 cells
cultured on microwell glass—bottomed culture dishes were loaded with the dye
(1g/ml) immediately after hypoxia. The cultures were then incubated in the
dark at 37C for 30 min. After they were washed, the cells were allowed to
recover at 37C for 20 min. The plates were examined immediately under a

laser scanning confocal microscope (Olympus 5100, Japan).

Mitochondrial membrane potential (A%m) measurement
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Mmm was assayed by measuring the accumulation of rhodamine 123
(Molecular probes, Eugene, OR, USA), a membrane-permeable cationic
fluorescent dye (Emaus et al., 1986).

H9c2 cells were incubated with 1 M rhodamine 123 at 37’for 30 min.
After incubation at 37°, cells were washed there times with DMSO and were

observed at 530 nm under confocal microscope (Olympus 5100, Japan).

Rat myocardial infarct model

Rats were anesthetized with pentobarbital sodium (60 mg/kg ip.). The
trachea was intubated and the rats were mechanically ventilated with room
air using a small rodent ventilator (Model 683, Harvard Apparatus) at a rate
of 60 cycles per minute and a tidal volume of 1 ml/100g body weight. The
left femoral artery was cannulated for measurement of mean arterial pressure
and heart rate. The left femoral vein was catheterized for drug administration,
and the electrocardiogram (ECG) was recorded with the standard Lead II limb
leads. Body temperature was maintained at 37C using a water circulating
heating blanket. A left thoracotomy was performed and the heart was
exposed. The heart was gently exteriorized by pressure on the chest, and a
ligature (5.0 silk) was placed in position around the left anterior descending
coronary artery: and the artery was either ligated or left untied. Myocardial
ischemia was confirmed by the presence of ECG changes and by the visual
assessment of regional cyanosis and dyskinesis of ischemic region of the left
ventricle. After 45 min of occlusion, the coronary artery was reperfusion
byremoval of the polyethylene tube. After 90 min of reperfusion, the coronary
artery was reoccluded and 2 ml of a 196 Evans blue was injected via femoral
vein. The heart was removed, and the left ventricle was dissected free from
other structures and sliced transversely into 2-mm thick sections. Each
portion was weighed, than washed and incubated for 10 min, in a solution of
triphenyl tetrazolium chloride (TTC) (Sigma). Salvaged myocardium within
the area at risk stained brick red, whereas coloration of the infarct mass
remained unaltered. Slices were then photographed (Gel doc 2000, BIORED)
and later analyzed via computerized planimetry (BAS 1500, Fuji film) to

evaluate the composition of each heart with respect to normal, area at risk
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and infracted left ventricular zones, From these procedures a mathematical
representation of total infarct and risk zone sizes were calculated in control

and treated groups.

Statistical analysis
All data were expressed as meanS.D. The numerical data were compared
by a Student’s t-test for unpaired observations between the two groups. A

P-value of <0.05 was considered significant.
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RESULTS

Effect of onion extract against hypoxia-induced apoptosis

To investigate the effect of onion extract on hypoxia-induced apoptotic cell
death, we performed TUNEL staining. The number of TUNEL-positive cells
was 47.00.40% in vehicle-treated cells exposed to hypoxia for 8 h. When the
cells were treated with 0.05 and 0.1 g/ml of onion extract, the number of
TUNEL-positive cells after 8 h of hypoxia was significantly decreased
(18.3%63.55% and 7.0%64.15%, respectively).

Effect of onion extract against hypoxia-induced ROS generation

To investigate the effect of onion extract on hypoxia-induced ROS
generation, we assessed the changes of dichlorofluorescein (DCF-DA)
fluorescence using confocal microscope. The ROS generation during hypoxia
began to increase at 15 min after hypoxia and further increased to the
maximum level (about 5.7 fold) at 60 min after hypoxia (Fig. 2B). The ROS
generation during hypoxia 60 min was dose-dependently decreased by
treatment with onion extract of 0.05 and 0.1 g/ml (about 3.5 fold and 3.3 fold,

respectively).

Effect of onion extract on hypoxia—induced reduction in A%,

To examine whether preservation of mitochondrial membrane potential is
associated with cardioprotective effect of onion extract, we assessed the
changes of rhodamine 123 fluorescence in the H9c2 cells exposed to hypoxia
using confocal microscope. Fig. 3B and shows the time-dependent changes
in rhodamine 123 fluorescence. The &¥m was remarkably reduced by
51.4+1.45% as early as after 2 h of hypoxia and reached a maximum level
(39.5+2.429%) after 4 h of hypoxia compared to normoxic control. The &¥m
reduction after 4 h of hypoxia (39.5+2.42%) was completely abolished by 0.05
and 0.1 g/ml onion extract (62.5t4.46% and 61.7+4.96%, respectively)
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Effect of onion extract on cytosolic release of cytochrome c by hypoxia

To investigate the effect of onion extract on the release of cytochrome c
from mitochondria to cytosol, the cytosolic release of cytochrome cwas
examined by western blotting in both cytosolic and mitochondrial fractions.
The cytosolic release of cytochrome ¢ was dramatically increased after 8 h of
hypoxia. However, it was markedly inhibited by treatment with 0.05 g/ml
onion extract (Fig. bA).

Activation of caspase-3 during hypoxia

To investigate the effect of onion extract on hypoxia-induced cell death,
we measured caspase-3 activity. As shown in Fig. 5B, hypoxia increased
caspase—3 activity (213.82.85%) compared to the normoxic control (100%). The
treatment of cells with 0.05 and 0.1 g/ml onion extract (142.54.13% and
116.23.77%, respectively) markedly decreased the caspase—3 activity nearly up

to the level of normoxia vehicle.

Effect of onion extract on infarct size in rat myocardial infarction model

To investigate the effect of onion extract on ischemia/reperfusion induced
infarct size, we performed TTC-staining. In the 1iv. vehicle-treated group,
ischemia (45 min) followed by reperfusion (90 min) resulted in an infarct size
of 64.62.28% of the area at risk. Onion extract reduced the myocardial infarct
size in a dose dependent manner (53.61.64%, 45.81.79% and 31.81.31% at 0.1,
1.0 and 10.0 g/k, respectively).

In the p.o. vehicle-treated group, In the i.v. vehicle-treated group, ischemia
(45 min) followed by reperfusion (90 min) resulted in an infarct size of 63.3
1.84% of the area at risk. Chronic oral intake of onion extract (1.0, 3.0 and
10.0  g/kg) significantly reduced (55.01.77%, 52.82.09% and 47.02.00,

repectively) myocardial infarct size (Fig. 6B).

Effect of onion extract against ischemia-reperfusion induced apoptosis

- 104 -



To investigate the effect of onion extract on ischemia/reperfusion induced
apoptotic cell death, we performed TUNEL-staining. Occlusion of the left
main coronary artery for a period of 45 minutes followed by 12 h of
reperfusion resulted in substantial injury to the myocardium. As shown in
Fig. 15, the amounts of TUNEL-positive myocytes in onion extract-treated
(10 and 10 g/kg) hearts were significantly less than that in control
ischemia-reperfused hearts (8.290.73% and 4.610.57 vs. 14.341.93%).
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DISCUSSION

In this study, we found that onion extracts elicit cardioprotective effects
against hypoxia-induced apoptotic death and myocardial damage in
heart-derived H9c2 cells and rat infarct model. From the results in H9c2 cell
study, it is suggested that the mechanisms for their cardioprotective effects
involve, at least in part, attenuation of oxidative stress and maintenance of
mitochondrial integrity during hypoxia.

There are two basic patterns of cell death in myocardium: necrosis and
apoptosis (10). Necrosis, a rapidly developed pathological process triggered by
exogenous stimuli, 1s primarily manifested by cell swelling andbreakdown of
cell organelles with a consequent significant inflammatory response. On the
other hand, apoptosis, a genetically controlled,progressively developed cell
death under physiological or pathological conditions in response to endogenous
or exogenous stimuli, 1is characterized by cell shrinkage, chromatin
condensation and nucleosomal DNA fragmentation without accompanying
inflammatory response (1). Although extensive investigations have pointed to
cardiomyocyte ischemic injury evolving as the necrotic pattern of injury, more
recently, apoptosis has been implicated in various forms of cardiac pathology,
including myocardial ischemia (1).

A number of studies suggest that the apoptotic cell death can be
triggered by oxidative stress, which is associated with an imbalance in
cellular redox state, where ROS production overwhelms antioxidant capacity
(11). In cardiomyocytes, ischemia/hypoxia causes oxidative stress, where
decreased cytochrome oxidase activity could alter mitochondrial redox and
increase oxidative stress (12), and the subsequent reperfusion results in a
further increased oxidative stress (13). Recently, various studies including
ours (14) have shown that ROS is overproduced in the pathological processes
of ischemic injury with a resultant apoptotic cardiomyocytes death (15). The
present study further showed consistent results demonstrating
hypoxia-induced ROS elevation and apoptotic cell death in H9¢c2 cells (Fig. 1,
Fig. 2). In these contexts, it has been suggested that the limitation of

oxidative stress can prevent or ameliorates progression of ischemic heart
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disease by favoring the balance towards lowering oxidative stress. Recently,
there is growing awareness of theconsumption of dietary antioxidants, fruits
and vegetables, to reduce the detrimental effects of risk factors for ischemic
heart disease and/or atherosclerosis (16). Garlic, one of the Allium species,
and various forms of extracts prepared from it represent examples of such
dietary antioxidants, having health benefits for the prevention of
cardiovascular diseases, especially those associated with oxidative stress (2)
In the present study, we focused on onion, another Allium species, which is
known to possess antioxidant properties (17), to evaluate preventive potential
of natural antioxidants against myocardial injury induced by oxidative stress.
This study, for the first time, demonstrates that onion extract prevents
cardiac cells and tissues from ischemic injury in in vitro hypoxia model and
in vivo rat myocardial infarct model.

In addition, from the results that onion extract, not only suppressed the
generation of ROS but also attenuated apoptotic cell death during hypoxia
(Fig. 1 and Fig. 2), it is suggested that the preventive effect of onion against
hypoxic injury may be attributed to its antioxidant property.

Mitochondria, the main organelles producing ROS, have been recognized
as central regulators of life and death under various stresses in a variety of
cells (18). Cardiac mitochondria are highly wvulnerable to ischemic injury,
resulting in the precipitation of mitochondria-dependent apoptotic death
pathway in a number of pathologic conditions (19). Supporting this concept,
we have previously demonstrated that oxidative stress during ischemia
causesmitochondrial dysfunction, which involves mitochondrial permeability
transition, disruption of mitochondrial membrane potential (8m) and release of
cytochrome ¢ in heart-derived HO9c2 cells (20). Cytochrome c released from
mitochondria further inducesthe activation of downstream caspases, which in
turn causes nuclear condensation, leading to ultimate apoptotic cell death (21).
Thus, maintenance of the functional and structural integrity of mitochondria is
considered as a prerequisite for successful cardioprotection. Consistently, our
previous study reported that cardioprotective effects elicited by high glucose
are associated with maintenance of mitochondrial integrity. In line with these

studies, the results from the present study suggest that onion
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elicitscardioprotective effect, at least in part, through attenuation of ROS
generation and maintenance of mitochondrial integrity by inhibiting %m
reduction, cytochrome c¢ release and caspase-3 activation during hypoxia (Fig.
1-4).

In view of the interrelationship between ROS and 4Tmm reduction, there
are controversial results one is that ROS causes 4Tm reduction, and the other
is that ATm reduction causes ROS increase. The present study using H9c2
cells exposed to hypoxia supports the former theory by showing that A'Fm
reduction by hypoxia was attenuated by not only onion but also a
well-known antioxidant trolox (Fig. 2, 3).

Although this study did not include the investigation about which is the
active component of onion, various studies have reported that two main
components of onion, the flavonoids and the alk(en)yl cysteine sulphoxides
(ACSOs) have health benefits including antioxidant activity (22). The phenolic
hydroxyl groups in the structure of flavonoids have been recognized to
function as electron or hydrogen donors, conferring free radical scavenging
effect (3015???). Disulfides and thiol structures of ACSOs, are also reported
to function as free radical scavengers by trapping electrons from other
systems (23). To clarify which components of onion contribute to antioxidant
effect resulting in cardioprotective effects shown in this study, further study
remains to be elucidated.

Taken together, the results from this study suggest that onion extracts
may be useful as a promising beneficial nutrient for the prevention of
ischemic heart disease, possibly through its antioxidant property and
mitochondria-maintaining potential. The present results further show that the
in vitro hypoxia model and the in vivo ischemia/reperfusion model can be
applied in the mechanistic studies on antiischemic nutrients in food and in

research on the development and efficacy of food products.
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FigureLegends

Fig 1. Effect of onion extract on apoptotic cell death during hypoxia in
H9c2 cells. Effect of onion extract on TUNEL-positive cells increased by
hypoxia (Hx). TUNEL-positive cells was evaluated as a percentage of total
cell counts. H9c2 cells were treated with onion extract (0.01, 0.05 and 0.1
g/ml) and trolox (100 M) 30 min before and during hypoxia. All data

represent mean £ SD (n = 4). * P<0.05 vs. Hx-Vehicle. Nm means normoxia.

Fig. 2. Effect of onion extract on hypoxia-induced reactive oxygen
species (ROS) generation in H9c2 cells. (A) Representative images obtained
by DCF-DA confocal laser microscopy. (B) Effect of onion extract on

Hx-induced ROS  generation determined by confocal images  of
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dichlorofluorescein (DCF-DA) staining. H9c2 cells were treated with onion
extract (0.01, 0.05 and 0.1 g/ml) 30 min before and during hypoxia (Hx). All
data represent mean £ SD (n = 4). * P<0.05 vs. Hx-Vehicle.

Fig. 3. Effect of onion extract on hypoxia-induced mitochondrial
membrane potential (#%¥m) reduction in H9c2 cells. (A) Representative images
of rhodamine 123 intensity obtained by confocal laser microscopy. (B) Effect
of onion extract on Hx-induced Afmreduction. H9c2 cells were treated with
onion extract (0.01, 0.05 and 0.1 g/ml) 30 min before and during hypoxia. All
data represent mean * SD (n = 4). * P<0.05 vs. Hx-Vehicle.

Fig. 4. Effect of trolox on hypoxia-induced reactive oxygen species
(ROS) generation and mitochondrial membrane potential (4%m) reduction. (A)
Effect of trolox on Hx-induced ROS generation determined by confocal
images of dichlorofluorescein (DCF-DA) staining. H9c2 cells were treated
with trolox (100 M) 30 min before and during hypoxia. (B) Effect of trolox
on Hx-induced ATmreduction determined by confocal laser microscopy image
of rhodamine 123 intensity. H9c2 cells were treated with trolox (100 M) 30
min before and during hypoxia. All values are mean + SD (n= 4). *P <0.05
vs. Hx-Vehicl.

Fig 5. Effect of onion extract on apoptotic cell death during hypoxia in
H9c2 cells. (A) Western blots for cytochrome cwere detected in the cytosolic
(C) and mitochondrial (M) fractions 6 h after hypoxic insult. H9¢c2 cells were
treated with onion extract (0.01 and 0.05 g/ml, respectively) 30 min before
and during hypoxia. (B) Effect of onion extract on hypoxia-induced caspase-3
activation. H9¢2 cells were treated with onion extract (0.01, 0.05 and 0.1 g/ml)
30 min before and during hypoxia. All data represent mean * SD (n = 4). *

P<0.05 vs. Hx-Vehicle. Nm means normoxia.
Fig. 6. Effect of onion extract on infarct size in rat myocardial infarct

model (A) Representative photomicographs of left ventricular section. (B)

Quantitative assessment of infarct size/AAR(area at risk). Myocardial infarct
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was induced by 45 min ischemia/90 min reperfusion. Onion extracts (0.1, 1.0,
3.0 and 10 g/kg) were intravenously administered 20 min before occlusion. (C)
Myocardial infarct was induced by 45 min ischemia/90 min reperfusion. Onion
extracts (1.0, 3.0 and 10.0 g/kg) were administered orally once daily for 2
weeks. All values are mean + SEM (n= 8). #p<0.05 vs. Vehicle (Veh).

Fig. 7. Effect of onion extract (i.v) on apoptotic cell death in rat
myocardial infarct model. (A) Representative photomicrographs of ventricular
tissue stained by TUNEL method. (B) Quantitative analysis of
TUNEL-positive cells. Percent TUNEL-positive cells were calculated by
dividing the number of TUNEL-stained cells by total cell counts after 45 min
ischemia/12 h reperfusion. All values are mean * SEM (n= 4). *P<0.05 vs.
Vehicle (Veh).

- 113 -



80 1
=aVeh
= =00 008
%= B0 7 == On 0.1
= == Tro 100 mM
% 4
ig 40 1
-6 -
g E 20 1 EEEE
=4
o
Nm HxB h
A
cTL Hx Hx + Onion
B
BOD 7

=

- e

EE 400

éhﬁ 200

S E

o
01530 &0 120 240
HX [min)

- 114 -



A
B
8
£
&
g
E
£
o
A
B

[% of control)

Cnign

-

=

]
5]

NMMP  Mitotracker Merge

-
[=]
[=]

DCF-DA imtensity
% of contral)
]
(=]
(=]

{% of contral)
8 @ 8 R

Rhodamine 123 intensity
[ ]
[+

o 30 BO 120 240
Hx [min}
- Hx
= Hx + Trolox 100 pM
01530 BD 120 240
Hx {min}
== Hx
== Hx + Trolax 100 pM
- L]
-
o0 30 B0 120 240
Hx [min)



Hx - # + + = -
Onion O O 0.01 005 0.01 0.05(g/ml)
cytc | — — | c
cytc | — S . — |F||I‘.
actin [F-n—l-lp.-l-'l-—l"‘ —— — _]c
COX IV [ ———— — —]FI“‘.
300 = Vehicie
= On.01
_E. 250 mm On 0,05
: —— On 0.1
= — 200
a8
150
E'E
nﬁ 100
-]
K] 50
a
HxB h
A‘ Ty r T
& 5
Vehicle Onion 10 gikg
B 8o
ﬁ L]
EJ‘ B0 L]
:.E 40 [ 5
=
€8 »
=
" Veh 01 1 10
c 80 Qnion (I.V., g'kg)
QE' B0 * -
B o=
2L 4
Ew
€8 2
=
o Veh 0.1 1 10

-1

onion [P.O., g/kg)

16 -



A
Onian 10 gikg

B 20

1.9 I

£ 512 .

e

=L B

3 .

s% .

H veh 0. 1 10

Onian (1.V., pikg)

- 117 -



	심혈관 기능 개선에 효과적인 양파 품종의 선발 및 유효성분 탐색

	요 약 문
	목 차
	제 1 장 연구개발 과제의 개요
	제 1 절 연구 목적
	1. 최종목표
	2. 연차별 연구개발 목표와 내용

	제 2 절 연구의 필요성 및 범위

	제 2 장 국내외 기술개발 현황
	제 1 절 국내외 연구동향
	1. 혈류장애와 심혈관조직의 병변
	2. 양파의 약리작용
	3. 양파의 품종별 생리활성 성분의 분석


	제 3 장 연구개발 수행 내용 및 결과
	제 1 절 연구 방법 및 내용
	1. 양파의 성분 분석조건 확립 및 분획 분리
	가. 공시재료
	나. HPLC 분석조건 확립
	다. 양파 내의 ACSOs성분 추출 및 시료 제공

	2. 양파의 생리활성 가능 물질의 분획 분석 및 품종별 성분 비교
	가. 공시재료
	나. 양파 내 ACSOs 성분 함량
	다. 양파 내 Quercetin 성분 함량

	3. 선발된 양파 품종의 섭취 양태별 성분 분석 및 기능성 비교
	가. 공시재료

	4. 동물실험에 의한 심혈관 기능 개선효과 검색
	가. 혈소판 응집 억제 활성 검색
	나. 심근경색 동물모델
	다. 심근세포 배양 및 저산소성 손상 유도
	라. 심근세포 사멸 측정 (세포 괴사)
	마. 심근세포 사멸 측정 (세포 고사)
	바. 활성산소 측정

	5. 인체실험에 의한 심혈관 기능 개선효과 검색
	가. 양파 수용성 추출물에 의한 심혈관 기능 개선 효과 및 작용기전 연구
	나. 양파 알코올 추출물에 의한 심혈관 기능 개선 효과 및 작용기전 연구
	다. 양파 섭취 양태별 심혈관 기능 개선 효과 및 작용기전 연구
	라. 혈청 생화학적 검사
	마. 통계 분석
	가. 양파 수용성 추출물에 의한 심혈관 기능 개선 효과 및 작용기전 연구
	나. 양파 알코올 추출물에 의한 심혈관 기능 개선 효과 및 작용기전 연구
	다. 양파 섭취 양태별 심혈관 기능 개선 효과 및 작용기전 연구
	라. 혈청 생화학적 검사
	마. 통계 분석


	제 2 절 연구개발 결과
	1. HPLC 분석 조건 확립
	2. 양파 내 ACSOs 성분 추출 및 시료 제공
	3. 양파의 품종별 ACSOs(S-alk(en)yl-L-cysteine sulfoxides)성분 함량 비교
	4. 양파의 부위별 ACSOs(S-alk(en)yl-L-cysteine sulfoxides)성분 함량 비교
	5. 양파의 품종별 Quercetin 성분 함량 비교
	6. 양파의 섭취 양태별 ACSOs(S-alk(en)yl-L-cysteine sulfoxides)성분 함량 비교
	7. 동물실험에서 양파 품종별 추출물에 의한 심혈관 기능 개선효과 비교 검색
	8. 동물실험에서 선별된 양파 성분별 추출물에 의한 심혈관 기능 개선효과 비교 검색
	9. 동물에서 양파 섭취 양태에 따른 심혈관 기능 개선 효과 비교
	10. 인체실험에서 양파 수용성 추출물에 의한 심혈관 기능 개선 효과 및 작용기전 연구
	11. 인체실험에서 양파 알코올 추출물에 의한 심혈관 기능 개선 효과 및 작용기전 연구
	12. 인체실험에서 양파 섭취 양태별 심혈관 기능 개선 효과 및 작용기전 연구


	제 4 장 목표달성도 및 관련 분야에의 기여도
	제 1 절 목표달성도
	제 2 절 관련분야 기여도

	제 5 장 연구개발 결과의 활용계획
	제 1 절 추가연구의 필요성
	제 2 절 활용계획
	제 3 절 본 연구과제를 통해 얻어진 연구실적
	1. 학술지 투고
	2. 학술대회 발표


	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7 장 참고문헌
	첨 부

