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A2 BT E L EREFZHEE A2 E e WA &
v R o %7 010 - 250g/mlz =% -k EB4 (WECF) &
7 #7410, 2 mM t-BHP# 3 HepG2im#e & 22 50 4 - Hiv* gt 5
»c"s MTBARSEZROSE = 12 £~ GSHZ £ Hr Mt - £ 4
» WECF &g 3 4.3 33 42 1B- % PARP2. "% f2 » & #r+4|t-BHP3% % Caspase-
JF L R T o F A Bel-2/Baxvt F 0 £ > o DAPIR 4 T
¢ oo B WECFE 5 4iiwz = 18 % o d HPLC-DAD%? HPLC-MS/MS4 47
¢ @ik 3 # % H (Betanin) » = 4 # (Rutin) » L 2 fs
(Kaempferol)2 H v 20f61* &% 3 3 e HF LEFBH P o GEMHA
o BT RESAHEH RSB A T mre § RS G e
EECE I -SARY SREI LA A

Rz & CRGEE T LR R 0 S R A&
aWECF %2 B %|2_1.0 g/kg bw Betanin - Kaempferol # Rutinig 4§
28=% » A% 28% Fpiiste & 1 AL (CCl4,CCl4/0live
oil 5 1/1 :v/v > 2ml/kg bw) - 2k > FEFoFad it il
RIB/IL? e s o S5 % Aom WECF (2.5 mg/kg bw) e & ¥ "% AST#
ALTE » Jm327 5 = MorWECF 2 rF e sidp i 5 AR R % - ¥ 7
' WECF 2 = faiE 2= & % ¥ #r4|TBARS 7 & I g % FICC14ie * @
GSHz £ 7 % » @ BetaninZ WECF7~ ¥ 3£ 2 SOD/E 14 o ¥ L % 77 7 % i1
CClA%tsk = TRDNAF 1 B3k o AP 8 P F31 B b f sk ik > &
R EpE (30 %) @ F90x A FE G o ¥ A %N&0.501.00 2.5
mg/kg bw WECF% 1.0 g/kg bwz Betanin ~ Kaempferol £2Rutin - %
% Bgom o FpE A e e 2 TBARS® CYP2EL » 127 Ip & & 2 WECF &2 =
FEE = A ac ¢4 TBARSZ = € » ¥ #t1.0 g/kg bw Rutin -
Kaempferol£22.5 mg/kg bwWECF#c % 2 GSHZ € » * = 87 FIER 2
WECF i %= ffps st > @ 1.0 g/kg bwz Betanin®?2.5 mg/kg bwz
WECF® Pyt 34 5 CYP2EL 2o 742 o £ > d 3> 20 Bor
WECF2 = g A 3 HF S P A F T2 § TR % o d
WA WECE™ F5d $rdlin 755 1~ 2 GSHZ £ > M« qad pad 2 0
F#ICYP2EL 7Bt (810 5 xR FIFP A 8 74 1 15 % o S8 b af
st AR E R 0 B WECFE 3 Frdly L0 s 2@ 24 E
SR o

Wt ee A o B E% > %% 81 100-500 g/ml 2 WECF£ =
faEa s (10225 M) 7 ®i8SVEC4-104m78 2_ eNOS2 COX-2 4k 1 %
Roo @ A B A NOEPGIZ22 = & o p *PWECF 2 = fa 75 M= & 5 F#r ]
SVEC4-10m?2 p Ca2+22ROS# = % peroxynitritez. 42 =& » ¥ ¥ "%
[EE - ?f‘{ﬁ-% AL o ¥ in vivoiEs& ® 0 WECF(100 mg/kg
bw)* 8% % 4% L 5 B F Teip B & 4755 8 > @ 50 mg/kg bw
Rutins %5 3 B ¥ "8 MOjesg/R 2 54 oc o (RAEARWECF S 5 3% < B o
B 2_ sz o
FEYW » LHREPS D NI BEAL > R HE TR A
£ R R M

=% # ¥4 (Betanin) > =4 ¥ (Rutin) » L 2 fs

(Kaempferol) » * #g3 Mg m e tr » § (L B4 - %= > v & L5
Ho Rk Pk AZF iV EE > dme & EPA50 281 - A 0 o) B
M e g AR (SVECA-10im%2 ) » f 813 B B> B &
B R AR AR O R
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: The three-year proposal entitled “Study of Djulis

(Chenopodium formosanum) and their bioactive compounds on
hepatoprotective effect and supplementary regulation of
blood pressure was investigated. Water extracts of Djulis
(WECF) demonstrated a cytoprotection in 0.2 mM t-BHP-
induced HepGZ cells. The oxidative damage was accompanied
by depletion of GSH, TBARS and ROS which were reduced by
WECF. There was a down-regulation degradation of IB- and
PARP by WECF in t-BHP-induced cells. The increase in the
Bcl-2/Bax ratio, mitochondrial membrane potential and a
decrease in caspase-3 activity by WECF in t-BHP-induced
cells parallel the effect on cell viability. According to
HPLC-DAD and HPLC-MS/MS analysis, Betanin, Kaempferol,
Rutin and another twenty compounds were present in WECF,
which may partially be responsible for their protective
effect against oxidative damage.

WECF demonstrated significantly lowered AST and ALT, and
attenuated histopathological changes in CCl4-treated rats.
WECF also attenuated oxidative stress by lowering TBARS,
restored GSH, enhanced CAT activity, and inhibited CYP2El
activity in alcohol-treated rat liver. These two in vivo
results obtained show that WECF demonstrated
hepatoprotective effect against CCl4 or alcohol-induced
liver injury due mainly to attenuating oxidative stress.
WECF, Rutin, Kaempferol and Betanin induced eNOS and COX-2
activities and thereby inducing NO and PGIZ production. In
addition, WECF and three bioactive compounds displayed
marked inhibition on peroxynitrite, CaZ2+ production and ROS
in SVEC4-10 cells. ACE activity was inhibited. The
antihypertensive effect of WECF was also investigated in
spontaneously hypertensive rats (SHRs). The SBP and DBP of
the WECF (100 mg/kg bw) were significantly lower than
negative control.

In conclusion, Djulis show hepatoprotective and
antihypertensive effects. The presence of bioactive
compounds in Djulis may in part be responsible for
hepatoprotection and antihypertension of Djulis.

Djulis (Chenopodium formosanum), Betanin, Rutin,

Kaempferol, human liver cancer cell line (HepG2 cell),
oxidative stress, apoptosis, carbon tetrachloride, ethanol,
glutathione, superoxide dismutase, Cytochrome P450 2EI,
hepatoprotection, SVEC4-10 cell, spontaneously hypertensive
rat, regulating blood pressure, angiotensin I[-converting
enzyme, systolic blood pressure and diastolic blood
pressure
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AN 5
igﬁﬂpfﬁéﬁﬁﬁﬁfifmﬁéb'éWt@*ﬁMﬂmL@ e
S5 Bk7 > 10-250 pg/ml 22 = -k 554 (WECF) £ 5 #r4] 0.2 mM t-BHP 3%
% HepG2 ¥z & 2 i 4 » Hiv* W dr H 5 20 i TBARS 22 ROS 4 =& 11 %
#2 GSH ¢ 23 %~ M - £ ¥ » WECF B ¥ |23 47 IkB-a2 PARP 2 %
f# > T Fr4] t-BHP 3% % Caspase-3 /=14 ~ "q =7 *% » &2 Bcl-2/Bax vt & » f
—“Ff »d DAPI 4 ¢ &7+ ¢ » &1 WECF £ 3 #iwm? &~ it* o d HPLC-DAD £
HPLC-MS/MS ~ 47 ¢ » ## 4v& 3 # ¥ 4 (Betanin) - = 4 i (Rutin) » . 2 fs
(Kaempferol) 2 H v 20 f& it &4 5 & o H R F B4 P o G A7 BT k%
DA EFKE B A M Fme g (RS JOATEAE 0B RSN D dmbe 2 %

BT e & PR TE LB REREC 0 S RFE A4 s WECF 2
W] 2. 1.0 ug/kg bw Betanin ~ Kaempferol 2 Rutin ¢ § 28 = » ¥t % 28 % "y
Aste & i g (CCly CCly/olive oil 5 1/1 : viv > 2mi/kgbw) © FE % $Rit o T8 Fa
FE A B R R ek e 5 % B or WECK(2.5 mg/kg bw)ic & & *% i< AST
ﬁmji,%gh%xw%wam+wB%ﬁ% ABE R o ¥ b WECF 2
ZfaEEs s T34 TBARS Z £ X r 8 FICClLiv* @ ¢ GSH 7 £ T % » @
Betanin 2 WECF 7~ v 3 2 SOD S o ¥ E AT K CCly ¥ = 2k DNA #
LR o AW AR I G B Rk 0 S RIE (30 %) @ 4 90 % 3F
BRI o 74 W4k 0.5 1.0 2.5 mg/kg bw WECF 2 1.0 ug/kg bw 2. Betanin -
Kaempferol & Rutin - & % &7 » iFy# 34 % *Fimfz 22 TBARS &2 CYP2EL > 187 ¢
kA 2. WECF £ = #6514 % 4 ' i #74] TBARS 4 & £ > ¥ ¢ 1.0 ng/kg bw Rutin~
Kaempferol & 2.5 mg/kg bwWECF it #%* GSH z € > ¥ = #8% ¢ )k & 2= WECF
e e P pEE e o @ 1.0 ug/kg bw 2 Betanin ¥2 2.5 mg/kg bw 2. WECF + Fr ] iF)
WA CYP2EL 2 &tk o £ > d jmI8*r ¥4 3pr WECF 2 = fii s 4§ &7
FEFHAE oo TG o d 2l WECE ¥ 35 d el P ¥ 1t~ 3¢
2 GSH § £ #{4cdif L fEE 2 34| CYP2EL & fhm 005 »e ik FUpph 34 3
R o F A P A fAE P ER B 0 s WECF B 5 el F i iE
N ;‘Euq‘—,&/,:}% o

B e R BN RS 0 %% B 7 100-500 pg/ml 2. WECF &2 = fé 7% |4 =
A (1022 25 uM) ¥ iig SVEC4-10 ‘m?z 2. eNOS 22 COX-2 A F14 | » 2@ it
ﬁﬁNO&PGMi*io&“WHﬁiiﬁﬁﬁ$9ﬁWﬂswx4mﬁﬁﬁ
Ca’*#2 ROS # & 2 peroxynitrite 2. 4 & £ » ¥ 7 % €45 3 J TR A P
**in vivo :#% ¢ > WECF(100 mg/kg bw)*t3#5 % 4 X T LG BEF R IR E &
%R > @ 50mg/kg bw 2. Rutin » 2 5 & ¥ "8 TR 2 # ook o AR WECF
FAESRG R TE o
FEIE L FREFPRPI NI RIS REAZEE A B ER LR
S =¥

B 4Ese ¢ =% > ¥ (Betanin) » =4 ¥ (Rutin) » . 2 f= (Kaempferol) » * #f
etk o F VRS O RS oo F VR FH o Bk R RF BTV ER S e
¢ % P4A50 2E1 > Al o o) BT B F b A HRiwre (SVEC4-10 fwmve ) > f 3
PR BB A& 0§ T SR B ET o TR FRE
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The three-year proposal entitled “Study of Djulis (Chenopodium formosanum)
and their bioactive compounds on hepatoprotective effect and supplementary
regulation of blood pressure was investigated. Water extracts of Djulis (WECF)
demonstrated a cytoprotection in 0.2 mM t-BHP-induced HepG2 cells. The oxidative
damage was accompanied by depletion of GSH, TBARS and ROS which were
reduced by WECF. There was a down-regulation degradation of 1kB-a and PARP by
WECF in t-BHP-induced cells. The increase in the Bcl-2/Bax ratio, mitochondrial
membrane potential and a decrease in caspase-3 activity by WECF in t-BHP-induced
cells parallel the effect on cell viability. According to HPLC-DAD and
HPLC-MS/MS analysis, Betanin, Kaempferol, Rutin and another twenty compounds
were present in WECF, which may partially be responsible for their protective effect
against oxidative damage.

WECF demonstrated significantly lowered AST and ALT, and attenuated
histopathological changes in CCl,-treated rats. WECF also attenuated oxidative stress
by lowering TBARS, restored GSH, enhanced CAT activity, and inhibited CYP2E1
activity in alcohol-treated rat liver. These two in vivo results obtained show that
WECF demonstrated hepatoprotective effect against CCl, or alcohol-induced liver
injury due mainly to attenuating oxidative stress.

WECF, Rutin, Kaempferol and Betanin induced eNOS and COX-2 activities
and thereby inducing NO and PGl production. In addition, WECF and three bioactive
compounds displayed marked inhibition on peroxynitrite, Ca** production and ROS in
SVEC4-10 cells. ACE activity was inhibited. The antihypertensive effect of WECF
was also investigated in spontaneously hypertensive rats (SHRs). The SBP and DBP
of the WECF (100 mg/kg bw) were significantly lower than negative control.

In conclusion, Djulis show hepatoprotective and antihypertensive effects. The
presence of bioactive compounds in Djulis may in part be responsible for
hepatoprotection and antihypertension of Djulis.

Keywords: Djulis (Chenopodium formosanum), Betanin, Rutin, Kaempferol, human
liver cancer cell line (HepG2 cell), oxidative stress, apoptosis, carbon tetrachloride,
ethanol, glutathione, superoxide dismutase, Cytochrome P450 2E1, hepatoprotection,
SVEC4-10 cell, spontaneously hypertensive rat, regulating blood pressure,
angiotensin I-converting enzyme, systolic blood pressure and diastolic blood
pressure
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iz % (Chenopodium formosanum) = % B4~ » £ % 4 5 Djulis» 5 =%k
HAEd e L Bae vh o FE 4% 8 edifrat Ted TAF -
rﬁﬁgﬁ%hﬁJiwﬁoﬁﬁﬁﬁaMﬁ%ﬂﬂm%}ﬁg’ﬂ} i
LR AR S S R LA A DR R R S R B
VREL U FTREL SR REL % o R RA R A 5 R B kAT AT £ (3R > 2006) ¢ o
U hF R EF > FRMRATIT F L 2 AF(NASAVRE L5 B4 Ditivh (F
2008) - F M iz % chs i d i > 3% (2006 - 2009) £ ) % (2008) ¥ F - i FIIF d
£ 48 rL HPLC 8 i 0 247 e fed L IR (B %, 2006) o £ - =W SR A
pg@’ﬁmmanmﬁgﬂw%ﬁﬁwwﬁhaJiﬂﬂ (EmmﬂZMD
dm AT e FRE G 2SS T B R DPPH p 4 A2 dif
F* » 1 DPPH £ - g 2snp o A gt 50 T G«PJ g 4 R REFP

DAFRenE B L8% BT 2w 2 B 05Nk senfa g o gt o "‘f’l i,
ﬂ’é‘ S rlot 0 N F&éﬂ?i%ié'ﬁﬁﬁ%mrf~ﬁ?‘ﬁm S R S 1
i A# HPLC 2 LCIMS A 4isf b o p B L R LSS iR o F
KRS S BRIRSEEZEY ST o F - EFFF RN R ST D R
EFRREESFZ ST R tBHP #EF t T2 A if%?‘ii'i
s %= ERI MBS EGY R Fe R kR RS S H I F e
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l. 2% 2FkBRNFTHF24Un
R 10104k ® A 40 A48 Eipis om0 110k E A 40 A48 - =&
2 it 1T RRHRICHE 0 40 5 Wk B4 (water extracts of Djulis, WECF) «
PR R LI PO BANN L0 RARFER HRE D £
(FRRBRSRICE - TEF I A B ¢ fie fia 54 (ethyl acetate extracts of
Djulis, EECF)£ & = f% 3 B~ 4= (butanol extracts of Djulis, BECF) » #- & 5 #57% %+ 4
°C—r ] PE * oo

¥ oOr g é?-‘%g & @\%%’r‘% ; HepG2 m»z
R ERE Y

‘“—%

2. 2P RBESLRL

LA RO it

A. 1 HPLC 2 LC/IMS Bl 2 5 B4 97 3 B Ao

HPLC 4 474 * ¢ 1+ Symmetry C18 analysis column (2.1 x 150 mm; 3.5 um particle
size, Waters) £ precolumn [SceurityGuard C18 (ODS) 4 mm x 3.0 mm ID,
Phenomenex Inc., Torrance, CA, U.S.A.] - # #4p A : acetonitrile (7 0.1 % formic
acid) > B:Deionized distilled (dd) water (z 0.1 % formic acid)- ;=i %= 0.2mL/min »
¥ Bl >4 £ 210 - 600 nm o

B. LC-MS 4 ¥

m @ HPLC A7 pfle — 7 3 PRI @ S 1 & 4o i - 9 10§ sk ik AR AT TR
RAPTRERL Y PR B A e (7 01 % "E) Bk (7
01 % " &) ons# 5 0.2 mU/min» @& * 5k ig &£ 74 2| % ( phtotdiode array
detector, PDA) ##| 24 £ 210 - 600 nm > ¥ T 3 = & v &% % K[Agilent
6420 Triple Quadrupole Mass Spectrometer equipped with Mass Hunter software
(version:B.01.04) (Agilent Technologies, Santa Clara, CA, USA)]. » & 1 it &« § 7 2.
T AL+ v (electrospray ionization, ESI) #3247 R Bix 2 § § (Fo% £ 1),
o1 0 9 L/min; nebulising gas: 35 psi. The drying gas temperature: 300 °C; potential:

3500 V. The fragmentor voltage: 90 V, collision voltage: 25 V. Quadrupole 1 filtered
the calculated m/z of each compound of interest; quadrupole 2 scanned for ions
produced by nitrogen collision of these ionized compounds in the range 100 — 800
m/z at a scan time of 200 ms/cycle. -

3. rep§ L iRFEiTe

(1) Hime 4 2 255

A e &

HepG2 vz 3 10 %%a 2 i j(FBS)2. MEM (minimal essential medium) & = 2 33
AR OBENEWCOITC2EEREH? » & 2-3 X { HATETEBEZ AL - F
W AL N1 AR B R AN ‘,f » 11 PBS ¥ =% (14 mM NaCl, 2.68 mM
KCI, 10 mM Na;HPOy, 1.76 MM KHaPOyq) 733 & w @ i Fk fi 2 e & = = >
21 ml trypsin-EDTA(TE) » &2 %_n: ¢ imre o iT% 3-4min> £ 02 2ml 7 FBS
2. MEM medium # 4= TE 2 ¥ & » %5 1500 rpm &g« 5 A 45 {5 fmPe > #-lmbe

2
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B. lm¥% 3 Bz (MTT)

ARHZRAWF g BT 23 pE o R R
3-(4,5-dimethylthiazol-2)-3 diphenyltetra zolium bromide (MTT) 24 = % ¢ & fr?v
(formazan) » F 4% ¢ g4 1 F s mie g 5 > %’gw T4 mre 505 #Fﬁfﬂ o P E

S % D -HepG2 cells r2 10 x 10Y ml #2434 4 » w2 % 4P B % 24 /) EE
fs %%“f B A 4or 05mL 7 7 kAR 2 WECF (10, 100, 250 pg/ml )i
Betanin ~ Kaempferol 2 Rutin (1,10,100 uM)z_ 3% % # > £ 4c » t-BHP 0.2 mM %
%4 37TC>5%COF 24 | P FF BRPEFERF®T 15 4 x50 ul 01% 2
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)%“P ¢ E
R lhro F R 37 ’%%K,éft’;%gk’ﬁ » 120 ul DMSO #-% ¢ & 8 373 ) » 7 B~ 100
pl & 96 3445 ¢ » 2 ELISA reader (Molecular Devices, VMax) B 2550 nm T 2_#x
K iE o “"‘%Fﬁ'/-}”"ﬁt]. 2.3 5% 4 100%4 1 o

1 3 B

LDH W RRE LR m e & et Jfﬂ“ﬁ-  LARE S PR ER T
v¢ 4 14(%)i¢ * Promega 2. CytoTox 96° Non-Radioactive Cytotoxicity Assay % 4
¥ o % HepG2 cells 12 10 x 10%/ml #:48++ 96 well plate » 32 % 24 /| pFis > # %
g2 & L 0 4or 02ml § 7 k&R 2. WECF (10, 100, 250 ug/ml)i BEA  E4h
»t-BHPO0.2mM % » 2% 37TC'5%CO, T+ R 16/ P> FF REFFY I 15
B~ 41 50 pl %2 *F fm¥e 33 % ;% (extracellular fluid) = 96 well plate 4c » 50 ul * &
AR T wF G 30 £ 451804 » 50 pl ¥k 3EF]) > 12 ELISAreader 3 B~ 490 nm
s sk fﬁ # {& 12 Cytotoxicity(%) % 7+ °

3+ o 5% 1 Cytotoxicity(%) = § 2 /4t BB 22.x100

(2) $Himee § 42 3P

A. dmre pEHEE 23 S RIE

H R i DCFH-DA(2’,7’- dichlorodiliydrofluorescein diacetate) st p o 3+ i i ‘m %%
B0 % P fig f#pe (esterase) i * = DCFH > m DCFH :&£- # % ¥|7g p HyOp ¥ it =
DCF(dichlorofluorescein) » r+ 3 % ik & 450 - 490 nm j#c% > % 515-550 nm T~ ¢ 3
Sk FE L E e b H 022 § & o 9RI R 2 1 % HepG2 cells 2 20 x 10%/ ml
BAEO6ICE AR RE 24P ’ﬁ“ff%f,éﬁi%%% sAdex Aml 37 F
Jk B 2. WECF (10, 100, 250 pg/ml )% Betanin ~ Kaempferol % Rutin (1,10,100 pM)
2 5% A 4o~ 50 uM 2 DCFH-DA 5 Ji5 15 A 480 4 » t-BHP0.2mM % » 32
£4837C 5% CO ™ F B3 | /- (5 PR B3 % 4 1 PBS ¥
fbrie e sm?? 2 0 i 0 4e ~ 100 ul Trypsin-EDTA i®* 2-3 & 4b > 4c » 500 pul 3
% ¢ e Trypsin-EDTA F Ji - #-fn 7  # 2 pc® 4o F p 12 10000 rpm > e
10~ 48 > & % Ko > 4e o~ 100 pl PBS 3 e i > 14 10000 rpm > &g 5 & 48
3 FART LR % f o f 4~ 100 pl PBS ¥ e #-fmPe dr4gfe oA 1 9634 2 %9

F k4 kiR (BioTek FLx-800) & 7 % £ % & 4 +7 (Ex wavelength : 485 nm >

Em wavelength : 528 nm )

B. % p P FiEF MH2ZRIE



5B ¥ i A& 4 (thiobarbituric acid reactive substances (TBARS) i #3 HiE ¥ it “7 4
Az B ASoF PR T AN LR CHF PR A FF 44 TBARS
LR T TBARS 2 s 7 Fpr iz f 5 iV 42 R o Bl R 3 2 1 K HepG2 cells 12
20 x 10% ml 3483 6 3445 » *e 12 £ 50 12 4 24 ) PELS > Bk g E A b
~1ml% %k kA2 WECF (10, 100, 250 pg/mL )z 32 % # » & 4c » t-BHP 0.2
MM & » 3 % 45 37C » 5% CO, T & s 21 FF » 5 F a8 7 13 0 44 5 % 4
2 PBS jie e K,ért—i A Rtz fm®e > 4 ~ 0.5 ml Homogene buffer (1.5 % KCI, 1
mM EDTA, 10 mM KH,POg4, pH7.4) » #-fmPe 2T & jc B > P w2 iR 542§ A
FLRS R (T30 > £ 2 10000 rpm e 10 A48 0 bR TS s 3R o B 200
wl fm ¥ 355 i% 4e ~ 200 pl 10 % TCA» 14 3500 rpm &t 10 A 48 B~ % 200 ul
£ 4e » 200 pl 0.4 % TBA (7% 0.2 N HCI) » -k % 50°C » 448 1] f& » 4c » 400 pl
Isobutanol ;& 3 {512 3500 rpm &t 10 4 45 3~ 200 ul + & & 4~ 1 9634 2 4% >
v k4 Sk ik (BioTek FLx-800) & 7 4 sk 3 A& 4 7 (Ex wavelength : 485 nm -
Em wavelength : 528 nm) -

(3) ¥7e pFiF 1 FoFy R B2 B

% p glutathioine (GSH) § £ 2 B %

#HepG2cells 12 20 x 10%/ ml 42463 63445 » * 32 fa v 2 4% 24 /) Pt > %
g & Ao 4 r 1ml 5 7 kA 2 WECF (10, 100, 250 pg/ml )2 35 % £ > £ 4
» -BHPO2 MM % » 33 % 45 37°C 5% CO, ™ & Ju 3 [ P 5 PSR & 1 15
At % fh o 40~ 05mIPBS (7 § CMF-DAS5uM) > & » 33 % 43 37°C » 5% CO2
Tk 30 4418 0 K73 CMF-DA 2 PBS ¥ g # “$ ' 12 PBS ¥ i jj ikt
2 1= {4 o e~ 100 pl Trypsin-EDTA (5% 2 -3 245 > 4c » 500 pl #2 % ¢ 4o
Trypsin-EDTA ¥ Ji » #-lm% % #5 T fic & 4~ p 2 10000 rpm > & 10 & 48 >
# % 1 Kk 0 4c o 100 pl PBS 3 (i % » 14 10000 rpm > g 5 4 48 % A
2 A& A > L4~ 100 pl PBS & e #-mre 445fs > #2963 249 5 ¥k
/4 k% (BioTek FLx-800) :& 7% sk 3x & 4~ 47 (Ex wavelength : 485 nm » Em
wavelength : 528 nm) -

(4) Hamre k= 2P

A e RA Pt &= Annexin V-FITC #4457

AT RIZZ )% e B R 2 e R IR TPl AR A 2 AR
2 ¢ > (aw+ 2. phosphatidyl serine (PS)# # ¢t & > ¥ 22 Annexin V-FITC & |+
BE O P EFRLT R T L NDF S AES KRR 24730 T - HepG2
cells 12 20 x 10% ml 46> 63445 » * 1 % 4@ 2 4% 24 | pFis » # ",f g
AoE 4~ 1ml z 7 kR 2. WECF (10, 100, 250 pg/ml )z_ 32 & £ £ 4c » t-BHP
02mM & » 8R4 37C 5% CO, ™ & 524 FF > FF RPEFRF® T {8 ﬁ%*‘,fi;—;
% 0 4 PBS i 2 =0 {6 0 4e » 100 ul Trypsin-EDTA i % 2-3 4 48 » 4 » 500
pl 32 % 75 ¢ - Trypsin-EDTA F & » #-‘o%e % #% 3 #cE 3« ¢ p 12 10000 rpm >
e 10448 0 2 %_‘ f i > 4v o~ 100 pb PBS 3 feif 5% - 12 10000 rpm - &g
5444 “f 7§ 2- 8 & # > e~ 500 ul Annexin-V binding buffer 2 F /& £353 >
A w4~ 5 ul Annexin-V-FITC fv Pl s &) > iR 3 > a5 s & 5~10 &~ 480 1% 7t
X dm#z & (Flow cytometer) i i 3 € 58 & > =7 (% 05 & frdpdlie v oo FE0t 2
necrosis - apoptosis 7p 4 1t o



B. DAPI staining
% HepG2 cells r2 50 x 10%/ ml 3483t 6 3L 43032 % 4o ¥ B % 24 /) PE{s - # %t
g R E 4o~ 1 ml 27 Fk&R2Z WECF (10, 100, 250 pg/ml)z¢ Betanin -
Kaempferol 2 Rutin (1,10,100 g M)z 3 % 3 > £ 4c ~ t-BHP 0.2 mM & » 12 % §§
37C 5% CO, ™ F & 24 /] F&’lé’zﬁ}@;%f;mjlw’f%“f ?EE’WPBS/F}?JE»Z
= oo {8 % 0.5ml enPBS #-fmfe w3 o F L P 0 poly-L-lysine mg2 1 248 0 £ 2
" poly-L-lysine - re* FR P AT KRB GIRERS L o 1 ek
W ER S b o B 10 A 418 0 e E?F’E‘L‘fq‘*‘v?i“yi” b g~ 1 ml 4%
paraformaldehyde ’ F B ie® 30 &~ 4802 F ¥ % > #x d) paraformaldehyde {8 > £
r1 PBS i T b AR A E ndmie o ¥ 11 0.5 % Triton X-100 % 10 4 45 > 37 AL
mPe > L1 PBS s 0 der 1% BSA 3R Y K 30 A\E_%’aﬁ blocking
,;': 2 PBS ifi% ﬁx, sex Sul kR L 5ug/ml 57 DAPI & 7 41 5 5 2 & sk B ok
EETRER o

(5) ¥tim% A= F-v 2 B

A. Caspase cascade 75 {7B] Z_

#-HepG2 cells 12 10 x 10Y ml 346>+ 96 344 » 12 % 24 /] P55 » # FEd
&4~ 0.1ml 3 7 kAR 2. WECF (10, 100, 250 pg/ml )2 Betanin ~ Kaempferol
% Rutin (1,10,200 uM)z_ 2 & &> & 4c » t-BHP 0.2 mM % » 12 % 45 37°C »5% CO,
TR 24 ) B F ¥ T > 4o~ 50 ul Caspase-Glo® 3/ 7 kit s iR £ 323 %; C B~
BEH 3T C ' 5%CO, TF Bl | pEis > B100ul 2 963t v 48 5 r 4 kb sk
% (BioTek FLx-800) ffpli4 sk3x B » 12 4% 5 Caspase-3 cE 14 o

B.$4 Bcl-2 #2352 B2

a. @ > gk % ;% (Western blot)

a > @q,h,_;/z A e RERARRET Y 2 2 47F o g A Kwre )2 protein e
moAgd > f1*% SDS-PAGE #-4 3 &3 k2 3v TARE > S## I ﬁﬁ'ﬁi‘é&‘% K
Fi o I B & - 2 - s (primary antibody) & # 2 v FE S 18 0 £ A

* 35 P& 0o s 4tf(secondary antibody)£r - s dadB g & 0 B 4o » X R S

Bl 2 FEE %ﬁﬁ s BrFe i AT 380382 3 4RE 7
i o

5 LR

#-HepG2 cells 12 200 x 10% ml #48++ 10 cmdish > 3 % 24 /| p¥ {4 > %
%4 r 5ml 7 F kR 2 WECF (10, 100, 250 ug/ml )¢ Betanin ~ Kaempferol
% Rutin (1,10,100 g M)z 32 % 2 > £ 4c » t-BHP02mM % » 2% 45 37 C 5%
CO; ™ F s 2/} P+ F fst 0 4 k35 % fhis 12 PBS 3£ 2 50 » 4 1mLPBS #-
Pz 4] > 12 10000 rpm v Free 10 A 45 0 2 “%J A g ts > 4~ 100 pl lysis buffer
(RIPA buffer);® & 353 3tk b & i 30 & 45 £ 12 4°C 10000 rpm &g 10 & 45 > B~
Himie SRR F 2 -9 FRA o4& F ¥z 325 4o » 4X loading buffer 4 95
CFRI15 ~ 4818 » /kig 544k > 2 4°C 10000 rpm > Zres 10 4 45 > ARip # % o

(i) v F3x



F1* SDS-PAGE #-3F-v 7 ik A + & 1% I 4 3o fie @ discontinuous acrylamide gel -
gel »~ 5+ ™a Kk » T & i separating gel - # acrylamide 7 & vt AR A7 47 3
6 F e+ @ g b &R stacking gel » % 4 % acrylamide o #-45% % 2 9% P %
FRAR? 0 4 A% 7% (Running buffer : 25 mM Tris » 192 mM glycine » 0.1
% SDS) o #-4%# & + & comarker 122 E 4k &k B~ DAt Y o TR 80
voltage > & ¥k %-1L i stacking gel i #-T R & 5 100 voltage > #R.7 & 34 T4

(i) 3o e
B~— H.frgel £7 % =] 2 nitrocellulose membrane %7z *+ transfer buffer r (48
mM Tris-base » 39 mM glycine > 20 % methanol) ¥ > % % #-gel 2~ &k » 3> #&

% (transfer cassette ) ¥ - % Z Nitrocellulose membrane » TM-F e AR > &2
ﬁﬁi% % (transfer cassette ) » & #-H 23t F # ¢ > 5 » Transfer buffer > r2 400 mA
T E LR TG

(i) &AL

#-#& 7% = conitrocellulose membranet 5% BSA (i3 **PBST (PBS*® z 7 0.1 %
Tween-20)¢ ) » % *+4°CT & g1/ p¥ > 1uPBST& i 77304 48(F 104 48 4% -
)0 W e r - B ddl (5% BSA/PBSTHFfAe &) -t 4CRF * &16-18hr- 3%
FUPBSTRZ i %304 4(+ 104 45 { # — =) 42 % v » = 548 (3 >*PBST? )
WERETRETF LR o £ UPBSTR T %304 48(F 104 & { # - =) -

-

(iv) Enhanced chemiluminescence (ECL) i ip]
2 ECL ki Bl = s34 > 1% $ic48 TOPBIO Capture 45 4% > £ 14 Imagel & {7 4~
AL

(6) R MMHT 2 R T

PRk 4}5 FLHAEFAI R LE AN ﬁﬁ,_,” 2o N o R IRT A
WAL EAA A E2 00 8 & mre B‘.#* TNT A BRI M e pF
E'Jg”ﬁ JAFRAFE N PRPP > ERT L mr - BT 2 kA
gi‘l)“}*%‘i?ﬁ)ﬂ ) i3 :)\lﬁ';:,lg;.}e géﬁé%‘ra Lk %—-;K Ms_&j;)] rI/?Ji‘g‘ ]vgty z%ﬁ
Lo ¥ Brmie k= B FE o Pl E > E40T a“:’ﬁ]wg’ih =g # * Cayman 2 JC-1
Mitochondrial Membrane Potential Assay Kit i& {7 4 7

#- HepG2 cells 2 10 x 10/ ml B2V B R B R 24P 0B
Kf@;mﬁ%é F4er 1ml 37 FkR 2 WECF (10, 100, 250 pg/ml )2 2 % & -
Fhert-BHP 02 MM & » 22 %48 37C 5% CO, T F B2 | BF > FF BRFEFRH
Gfs o 4er 10 plJC-1kitiR £33 18 0 8 » 13445 37C 5% CO, ™ & i 30 4
s BB RAS Kf ' 11 PBS ¥ ik ik mie 2 =0 {8 0 4e » 100 pl Trypsin-EDTA
iT% 2-3 48> 4~ 500 ul 32 % & ¢ f Trypsin-EDTA F J& > #-‘w% 2 4 1 &
o g o2 10000 rpm > Fres 10 A48 0 2 %_ﬁ R % o 4v o~ 100 pl PBS % i i 7
#e > 1210000 rpm > #5442 "fﬁ% T2 A& A FHF 4~ 100 ul 2. PBS % it
R ITECE o B3 963V 24P o ¥ kL kik (BioTek FLx-800) i {7 4
k53 B & 47 (Ex wavelength : 530 nm - Em wavelength : 590 nm)

-



(7) IxkB-aiB 14 % 2 Bl 2

B0 TALE

#-HepG2 cells 2 200 x 10% ml #:48++ 10cm dish » ¥ % 24 /| 14 > # %rt ¥ e
% #o 4~ 5ml 3 7 f k& 2. WECF (10, 100, 250 pg/ml )2 32 % £ > £ 4c » t-BHP
02mM E ~3 %48 37°C - 5% CO, ™ & o2 1 pF > & ot 7 > 2k gk
PBS ';7?-';;% 2=t > 4c 1 ml PBS #-fm#2 3™ » 12 10000 rpm » 10 ~ 4a3p.w » 2 x/gfi
& % t8 > 4v »~ 100 pl lysis buffer (RIPAbuffer)i® £33 320k F & i 30 4 48 0 £ 2
4°C » 10000 rpm = 10 A 48 > @m0 F R ¥ T8 9 Hk AR - B F M
¥ % 40 ~ 4X loading buffer 12 95°C & fis 15 4 481 > 7kig 5 4 4012 4°C 10000
rpm > Zres 10 A 48 0 Kz F o

(i) &9 Faii
= feow ATt

(i) #-9 F#d
= o ATt

(iii) L Ax#EL
RIFES SR TR

(iv) Enhanced chemiluminescence(ECL) i ]

RRER R Rt

(8) # PARP 2_ %

v FE g

# HepG2 cells 12 200 x 10% ml #A8> 10cmdish > 32 % 24 /] pFis > % e
% #&o4c > 5ml £ # kA 2 WECF (10, 100, 250 pug/ml )2_ 3 % > £ 4c » t-BHP
02mM % »2% 4 37 C>5%CO, TF 24 [ pF > F g% » 2 x/%i%%%%;
"1 PBS % 2 5 » 4 1 mIPBS #in% 41T + 11 10000 rpm - s 10 4 46+ &
& KR is o 4o~ 100 pl lysis buffer (RIPAbuffer)i2 £353 >tk & 30 ~ 480 £
12 4°C » 10000 rpm g 10 4 48 0 B~18 e ij:_yr%;“r.;& ¥R v ’F‘gr/)%)i . B
e 32 % v » 4X loading buffer v 95°C & J& 15 ~ 4818 » 7kif 5 4~ 4 > 1 4C >
10000 rpm > s 10 A 48 > ki & * o

(i) 9 FRA

Sk e e

(i) 3¢ T3

R e A e

(HEXE T

Sk e A T

(iv) Enhanced chemiluminescence(ECL) 8 |

7



Y- BRI
- ~HieEL

i R R R TR REL - B ER

%
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14

Pyl
ﬁ‘w*‘
\?";r

‘i-
ﬂ\j.

R 247 (2010) 2 4 (2010)#5it = j& 35 v B psF
1. &%= 24 I“ﬁ‘(?é &Y&“HF'%“?%%H\

(et kif © o Zorpa o pli o PR 6 ¥ & Wistar 222+ £(180-200 5.)
ESGE G U F B RS% F 26 & Wistar £ B o & & 4 BB u %7
WY H SRR FA 2312C B R S 50-65% 0 kR E 2T e pER L 12
] pF o H 4k (Lab Diet 5001 &2 44L) 22 RO k3o pd &> N » & 222
AR RO HE A R RASLERE X R RAORRES B F
Fob i RAEE & | RGP T o

QrFte®z BEdas Tipp ) P F T Bdid e o 4 T 500
it ¥ %pe 2 (Control) : RO -k (P.O.)+RO -k (I.P)

£ ¥ p 2 (CCly) : RO -k (P.O.)+ CCly (I.P)

¥ e o Silymarin (100 mg/ kg bw) + CCly (1.P.)

R % 2% % : 1.0 ug Rutin / kg b.w (P.O.)+ CCl, (1.P.)

B 5 %% % : 1.0 ug Betanin / kg bw (P.O.) + CCl, (1.P.)

K 2% & : 1.0 ug Kaempferol / kg bw (P.O.)+ CCl4 (1.P.)
A & % 0.5 mg WECF/ kg bw (P.O.) + CCly (I.P)

¢ &€ & 1 1.0mgWECF / kg bw (P.0.) + CCl, (1.P.)

% A& %2 25 mg WECF/ kg bw (P.O.) + CCly (1.P)

% >AE 2 2.5 mg WECF / kg bw (P.O.)

2. FWEHALE AT

X RS- R REBE O EWA Y 10 Aot ik o Fop F A s (PO) 0 g
22 % AR S 0 B fS - R MHLVEIE St (intra-peritoneal, 1.P.) 0.2mI/100 g b.w. 2. 50%
CCly »am i ¥R EEEF ERFHRESEMRO KA g E G 24 pFis >
MEF BRI S R LS R R R i 3
SRR A FRE (S g L E R B - B lom x 1em Block F #3t 10% ¢
5 Atk (formaline) 37z ¢ > # & &+ 5 {5 i¥ Hematoxylin & Eosm stain % &
FREE R VPR L EAS B F T R iR EA
17 o

(= )iEp# ']ttéféﬂ**i)@ : %% Sarphie ¥ (1997)> 3£ % P 1257 X

Lof 22 L sh st ~ BRI 5 S5t

(DF Kip 2 d a4 o F Y 6 F# Wistar 2242+ &(180-200 =) %
PR MRBEFH AR R - F LA RABNER N I SAHY P SRR

8



BF A 23+2°C o B R 5 50-65% 0 kR E 2ZmpER L 12 B PF o o

Bz m A %A 7% 2 33 B » 245 (Lab Diet 5001 & # &3l) 22 RO &
;ﬁﬁa‘— kot pd Ba 3N & X gl %Bxﬂ » B ¥ BT o AW
FRIGLERDZEFRAEORRE FR AT REFPRELL & | 2R
e i o
Qi 2 s TP PR #ARA2 102 5%k A
4T
I ¥ %P e (Control) : RO -k (P.O.)+4 * RO -k
f ¥R 2 (EtOH) : RO -k (P.O.)+4 * iFHf -k
I ¥fpe e o Silymarin (100 mg/ kg bw) +4& * Fp -k

R % % & : 1.0 pg Rutin / kg b.w (P.O.)+ 4 * P -k

B # & % : 1.0 pg Betanin / kg bw (P.O.) +4¢ * Fp -k

K % % 2 : 1.0 ug Kaempferol / kg bw (P.O.)+4x * JFp# -k
“H| & 2 1 0.5mg WECF / kg bw (P.O.) +4 * i -k

¢ &€ 2 0 1.0 mg WECF / kg bw (P.O.) +4& * JFp -k
BAE R 25mgWECF/kg bw (P.0.) +4i * i -k

% >AHE 2 25mgWECF/ kg bw (P.O.) +4c * RO -k

23R AF R AT L

A ERE-FPRBBE LA BFLTREL e s dlEr: e LY
1~14 = &% K 4 52 20% /ﬁ‘]ﬁ‘ v & RGEE 20% /f"]ﬁt kts > % 15~90 % RIRE
BB kRIS 30% ,fﬁ%v%gl%&g‘,f‘“”ﬁ RS s ;l“ii{@\
4'\)31 xgﬁ‘g;l,io Tl n/&;;fog% IR L A L o T <‘-|J}?§B7.E—T—’?§§{*%_j\ , 7FEL’-§; S
B4 4 EAFE B - B lom x lem Block %23t 10% ¢ 5 i5+k (formaline)
AR o M@ Fr B {8 1T Hematoxylin & Eosin stain % i& {7 :ffﬁﬂ%ﬁ?‘% -
Pobot L EFINLS BREF TR By RS

Z ~NPlE S E
B e i?"]ﬁ'ﬁ?ﬁ’”‘iiﬁﬁﬁ* B & BB H ‘}%‘i [RRA «‘fﬁ’aﬂ*" 5
n f?‘i (LA 1

Wbz g REEEFETRE - FRARE LA 2%%?!1'01‘3‘3““ 4°C =
4 12000 rpm & T A 4 0 471w G p B A T A 4T R R A + e g~
£ F A% ~ ALT ~ AST ~ BUN % creatinin 173 £ o

29T Fif LR & GSH 2 A 4
SREY FL (% ¢ 45 SOD > CAT 82 GPX ehfis % 5111 & GSH » #-12 4p i <6
Kit ﬁi"oé‘ ELISA it 7 4 47 -

BT ey B F el

AR UF ez TBARS 2 3 £ » %ﬁ YE R § Y F RARR o F RIR
M TCA Tl v Fie » L & TBAFI,@; B OELR &R B 10 A4 o
4.Cytochrome P450 2E1(CYP2E1) & 1+ cip) %

9



FyE ehit 38t g 4 alcohol dehydrogenase, aldehyde dehydrogenase i # ¢+ ,‘{ﬁ“d
microsomal ethanol-oxidiging system (MEOS) i # > @ MEQOS *? i & % %

CYP2EL ¢ A iFpt 4% » i@ CYP2EL /{43 4 » FIPt Az irt g # 4 1 A}%fm
| “4;’?"“35_.?7%‘% ¥ CYP2EL et o

£ % 5% (Comet Assay)
S (CometAssay) x fLH e % T 4 (SCGE) » R L * *+3=% DNA
G et o U RRET AL HF B | DNA > g DNA B % %75 » %7
Kz DNA ¢# 3 metiet > 5d i d 150 €3 L b ; £ imre
DNA g3 RIS &M 2 6 F & AP o FF5d 217 DNA & # % > 2878 2
# e Tk imse DNA £ 3 chfct & o

6.5 2~ PR

Bed P RN SRR BL O PR AN EDR - RRHBRL LA
ﬁﬂﬂ*.ﬁi.?%ﬁz%’z > 10%? MAR S k¥ > 12 Paraffin ¢ 88, 2 E B 5 4mm 05 %
T - LB Ld o 37 BRI G Fae X 3 AR s S B
miLE "ff 7 ;'é—’k’”-_.ﬁfja& . Hematoxylin & Eosin stain #F » B i e az
R HE AL § o 0 IR TR A AR

LEES R
- " HEEES
Lkt ot s

iz 8 ? Sk it o AT RS — s B 5@ SVEC4-10
wie bR P PEp 8 1 R

HW”LT"}*"F'/ETIE‘I%L)@% P o

o OSB3
W &

SVEC4-10 2 % 3 10 %*s & 3 (FBS)2. DMEM (Dulbecco's Modified Eagle
Medium) 2 = 2 % A& > i‘“ #35%CO37TClEEg4Y »& 2-3 % { #
ks & e Fimse £ 3 04 A SR ¥ & A4k 11 PBS i ek (14 mM
NaCl, 2.68 mM KCI, 10 mM NaHPO4, 1.76 mM KHyPOy)i-ie 3 & x @ *if ¥ B
fb2 fmPe 2 2=t > 2 1 ml Trypsin-EDTA A gz £ ¥ fw%e > (% 3-4min> £
e 2ml z FBS 22 DMEM medium ¥ 4= Trypsin-EDTA 2 & J& > % 1500 rpm &t
5448 '1{39‘ mie > B-lmiz i2 g P 4gis o 11 16 - 18 vt l,}IJ1Et]"r;[:—% B

(= Ddmre 3 EF 2L 3% (MTT)

SVEC4-10 12 15 x 10%/ml BB 24345 > 1% 24 ) pELE 0 B % B i o 4
~ 05 mlz % Fki2 WECF (100, 250, 500 pg/ml)% Betanin - Kaempferol %
Rutin (10, 25 M)z 2 £ & » F & 16 [ FF {3 > 4o~ 50 ul 0.1 %= MTT
(3-[4,5-Dimethylthiazol-2-yl]-2,5- d|phenyltetrazoliumbromide);‘% o F L) B.i% )
%%‘,ff‘ % 78 > 4v » 120 ul DMSO #-% ¢ & 8 4773 4115 > B~ 100 pl T 96 LAY
2 ELISAreader 3 P~550 nm sex sk ozt B gz 3iE S 4 100%7\ T e

(= )ACE F e 1Rl 2
#-7 F k& 00.006 ml 4% 5> 4 > 0.015ml 575 mM HHL ~ 0.009 ml % % 0.3 M

10



NaCl s pH 8.2 K-PO, % 7% ;% 2 0.03ml c720 MM ACE 2 £353 » *t-Ris4h ™
% 37C 60 #4850 £ 4 r 0.05mlcnIMHCI & - HE Ji o 30k F TS > 4o »
0.1 mL e pyridine » # % 4c » 0.05 ml 0 BSC > M EF BR T 323 > » kb kip
1448 2 02ml 3 9634 » 12 ELISAreader 3% B~ 405 nm s sk g o

(Z)mwep - § 1§ 2R (NO)

#-SVEC4-10 12 15 x 10%/mL 448>+ 24 34 45 35 % 24 | PFis > & e & A

e~ 05ml 2 7 F k& 2 WECF (100, 250, 500 ug/ml )2 Betanin ~ Kaempferol %

Rutin (10, 25 uM)2_ 32 & £ > & J& 16 -] pF > B~ 200 pl #2 ¢ fm¥e 32 % 7% & 96 3¢
% 4v ~ 20 pl Griess A 33 &( 4 20 pl Griess B :2# 2 /8 ™ & J& 10 4 4315 > 2 ELISA
reader 3 B~ 550 nm xSk (@

(= )PGI, 3 Rl =

PGl, 7 € z |2 7 & Cayman enzyme immunoassay # 515211 kit | =_ PGl;
metabolite 6-ketoprostaglandin F1-a # = & o #- SVEC4-10 cells 2 15 x 10%/ml 4%
243 1 % 24 ) PEIS A ‘% Bz & A4 r 05ml 2 7 kR 2 WECF
(100, 250, 500 pg/ml ) 2 Betanin ~ Kaempferol 2 Rutin (10, 25 uM)z_ 52 & & > * /&
4] pFo P4 200 X 2 fm e 33 & i 50 pl 3 F & coating = -4t 2 96 well plate -

4v » 50 ul PGl tracer = 50 ul PGl, antibody ° #-F Jig 45 2 % $owdtds > % 30 4°C
TFERE18hre F RS o #AE P chE iR | 0 2 wash buffer ik 5 = 0 dEF
& B well ¢ 4c » 200 pl Ellman’s reagent> % 7§ ™ % & & 90 - 120 min> 12 ELISA
reader 3 B~ 405nm e k(g o ] % PGl 8 mariB 2 8 a MmN R 2
PGl ik & (pg/ml) -

(Z )HF £ _ONOO R =_

- SVECA4-10 cells 12 30 x 10%/ml #4686 3445 » »o 12 % 459 12 4% 24 /) pois
# ",ﬁ: Bagg a4 r1ml 2 2 kR 2 WECF (100, 250, 500 ug/ml )% Betanin~
Kaempferol 2 Rutin (10,25 uM)2_ 32 % & > & » 3 % 37C> 5% CO, ™ F & 16
JRES FE R Y %%“ﬁ%fg %7 0 4r > 0.5mlIPBS (7 7 DHR12310uM) > ¥
»3 &4 37C5%CO, ™ F i 30 ~ 481 » 11 PBS ¥ g ifieimie 2 {8 0 4o
»~ 100 pl Trypsin-EDTA it * 2 -3 ~ 48 > 4 » 500 pl £ % & 7 = Trypsin-EDTA
F R o #elmie e 5 2R ds 2 10000 rpm > dres 10 A 40 g R b
» 100 ul PBS ik 5% » 12 10000 rpm » . 5 4 462 "fﬁ; FT2EEL 0 E 4
~ 100 pl PBS % theje #-fmiz 3w47fs » #2963V 249 > 1w ¥ k4 ki (BioTek
FLx-800 )it 7 ¥ % 3 & & +7 (Ex wavelength : 485 nm- Em wavelength : 528 nm) -

() Jm¥e p B4y 22 SRIT

# SVECA4-10 cells 12 30 x 10%/ml #:48> 6 3445 » »r 12 % 459 12 4% 24 /) pE{s
% B g Ao se » Iml 3 % k& 22 WECF (100, 250, 500 pg/ml )% Betanin~
Kaempferol % Rutin (10, 25 uM) z 32 % X » & 4c » 50 uyM z 2°.7-
dichlorofluorescin diacetate (DCFH-DA) & /& 15 ~ 45 > v » H0, 1 mM & » 32
%4 37TC 5% CO, TF B2 /P (FF REFER®T f%“,%i%%iﬂ} » 11 PBS %
i % im e 2 5015 > 40~ 100 pl Trypsin-EDTA i€ % 2-3 & 48 > e » 500 pl 33
% A ¢ o Trypsin-EDTA & fi5 > #-im%e % 4% T ficE 4w ¢ 12 10000 rpm - #rw
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10 A4 > 3 % K o e~ 100 pl PBS i i % » 2 10000 rpm > 4 5 A 4
ARG LB R 4o 100 pl PBS 5 i #dn e 4S5 1 967 R
v kA Sk ik (BioTek FLx-800) i {7 % £33 & 4 7 (Ex wavelength : 485 nm »
Em wavelength : 528 nm ) -

(= Dimoe p 4T3+ R R BT
#- SVEC4-10 cells 17 30 x 10%/ml 446 6 3445 > * s % 449 12 % 24 /] pFis »
% Bearg a4 r 1ml 2 % k&R 2. WECF (100, 250, 500 ug/ml )2 Betanin~
Kaempferol 2 Rutin (10,25 uM)2_ 2% &> 8 » 2 %45 37C 5% CO, ™ * J& 20
PP ER RS o R & 0 o~ 05mIPBS (7§ Fluo-325uM) - &
*E %4 37TC 5%CO, ™ & &30 4 4ais » 12 PBS % 7 ')ﬁ"%bf‘:m’?é' 2 =X {8 0 e
~ 100 pl Trypsin-EDTA i®* 2 -3 448 > 4c » 500 pl # % 3 7 4o Trypsin-EDTA
F s #-ime i A3 3 HCR A F 0 2 10000 rpm o s 10 A4 25 K o 4
»~ 100 pl PBS *# =% % 7 7 > 1210000 rpm > Fgew 5 A 453 "ffiz é{’ 2 &AL R 4
» 100 pl PBS i e #-imie 4745 » #2 9634 24 ¢ » 1 ¥ %4 £ & (BioTek
FLx-800 )it = ¥ % 3 & & +7 (Ex wavelength : 485 nm-»Em Wavelength :528 nm) -

(~)@ > & B2 (Western blot)

eNOS &2 COX Btk d * LB R T » B3 o o1k o

0 e

#- SVEC4-10 cells 2 100 x 10%/ml #4E> 10emdish o 35 & 24 /| pFis 0 4 % B
B4R 4~ 5ml 5% kR WECF (100, 250, 500 pg/ml ) % Betanin
Kaempferol 2 Rutin (25 uM)z_ 32 % & » B » 2% 45 37C » 5% CO, ™ & 8 & Ji 2
PRER L4 R E 0 0 4k & A 1 PBS ik 2 50 4 Lml PBS #-m e
7 » 12 10000 rpm > Zres 10 4 450 2 “f F R % i5 0 e~ 100 pl lysis buffer (RIPA
buffer);® & 353 >tk b & i 30 # 450 £ 2 4C10000 rpm &g 10 4 45 0 B~ {8 ‘m?
R T R B0 WORR o B F Bhnre Bk 4o » 4X loading buffer 1 95°C & ),@,-
15 &~ 4518 > /kig 5445 > 2 4°C > 10000 rpm » #rew 10 2 48 0 ARz H * o

(i) 35 7R

L

(i) 9 FHF
5k A AT

(|||) K 4
= = PE. gu ’"‘Ti

(iv) Enhanced chemiluminescence(ECL) ¥ ig|
= E o Araf

(4 )8 & 5 R 8%
(4 )H s34 &0 BB 2%
AR LAY FEARINN G2 WA S B S 3 (F2 F 0 2006) o H R
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LB LS REMB L BFS (A SHR 2) 0 BB 325 93 o B 1)
R E FRBRIpRORE PR B O S L REY o

R
PR G &G Y 9 XM RAFENF L RAE SHR)fr: ¥ & B+ &
(WKY) o & &% Ripw4R>7 dn 4 ¢ > ﬁ%i’n ai;m)ii BiF A 2312°C 0 PR
B % 50-65%; frdlE X k2 T pER L 12 B pFe (kPP 5 8:00-20:00
2 i 20:002Fp 8:00) -4 (Lab Dlet 5001 ML) Bokiar) oo
.$a%%,ﬁaa%&§%@goﬂﬁi@ FERE A X TR T
(CK) : WKY = & ¥ 4 RO -k
(CA) SHR = & ¢ 4 Silymarin (100 mg/ kg bw)
# 4% 50 rutin mg/kg bw
# 4% 50 betanin mg/kg bw
ik & ¢ A& 10 mg WECF / kg bw
i (M) SHR = & ¢ 4 50 mg WECF / kg bw
E'

ﬂ;

FETITE RS

vl ; A~ \"‘b \"‘b \"’b \\'n \rn \rn \rn

o

- A=
Aﬁwn

(H) : SHR + & % 4 100 mg WECF / kg bw
B4 QYR ERE T RS RAORREES B 5D %t R
ERPHET o FHRE LY 20X > F 022469131721 3]

oA~ d R ouhomh M

R

P QR TP Q0 o

AW \\-ﬁ

2.SHR x /B 2_p| 2

LR FR 2 R LWKY ~ SHR 2 e grok R - IR 2 i * 2Lz R R
PR BPIEREEZ (MBRP-RMCL) B o F %= X 3B 587 o BRIP
E(#0%)c RpRBRRBALE REFHPHFAE - THFRET Pl BRepl e o F
KRt F 24695131721 2P E A2 B PIEFF LS 8
00~12: 00 @2k 58 21 = o Pl B = L4+ BB 32°C chw BE? > ¥ U<
ARt B RET PENET ML cBRREET A BET A3 d RE]
B M B 4T 4o 4TI RICE ¢ 45.c B¢ (heart rate) ~ fciE/R (Systolic blood
pressure) -~ £-3& & (diastolice blood pressure) % & 3= /& (average blood pressure)
& G A RGRE 3D I LAt T e {1 L BASRIE A R TR SRR S T
L@X“B&ﬁﬁﬁﬁ‘&%%§@~&%iéi@’%§2§%T:

a  BMTHER L ERIe g x s

b. ﬁu‘ SRR ARG x T gl

C. B4 Tiag B Tiog BIop x Lo g

-

3. :ff:i LA 4738 P

Bt 2 o IR &N FFF m%;ﬂ_? D TARE 1] P A A jf(
12 3000 rpm e 10 A 450 97 o Zf]{fu ip M e Kit fe & ELISA 217 ~ 450 ¢ 245
i # p% (ACE) &2 %% (renin) »

-

4,525 A 45

% 98 Hcyh ! SPSS 17.0 i3t #rAB A 45 0 {17 Paired t-test & %% - % B iy
T~ PR~ Tion B @ A FREER A FERRE A F T B R 2
ddedoEl (% 0 %) 2 Fai B 2 %R #Es 4 (ANOVA) » 2% Duncan’s

13



multiple range test ¥ s 2% 9 21 X & w [ TR AR S T R
SHO PR AEEER AT RL L P F R LA <
0.05 -
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L~ 2%tk

5 - &

-~ P RBRBHYLFLEE

RFT G L= FE % lr?vz,,\ o B E_rLo A B i E B4 5 WECF - #
ZikRB LT ma fin 2 & 7 R E A I B 7@ X P > 4 wlfi EECF ¥ BECF -
Hw gk aw i 16.65% 3.8%% 8.0%" &+ WECF 2. w{c % & % » H = 5 BECF
% EECF - l}g]— EE A HepGZ nre 2 4 G2 B &«;Tﬁ WECF &7 [
ERH HepG2 2 4 G R AR Al B a AR AP ¥ T LT & o 3t
M ES 2 1 WECF & #5% ﬁ e o

= s Hmed 2P

%]: 5 WECF &7 kA T %02 mM t-BHP 3% HepG2 § i i 2 2. 5= 5 ¥
o B% M A kA2 WECF ¥ § »cdrd| t-BHP $fiwre 2 5 it § T | o

Bl= 5 WECF 4 02 mM t-BHP 3% HepG2 2. 4 {5 o2 B8 %877
JL B 2. WECF i 88 % 4| t-BHP 25 % HepG2 ‘w2 4 {4+ F Ji o

SR RN S RE 24

Bz % WECF "%02 MM t-BHP %% wm? ROS 2 4 2 258 - 2% &7+ 0.2 mM

t-BHP ¥ b2 3| pF¥ 8 fm?e p ROS A4 1 > 5 4rpdle2 1632 %2 10

1OO 22 250 pg/ml WECF fd® > (% p Ag 22 8 fheg? t-BHP 2. 5 & et g > % 2 5
,%”EP\ ROS z st # o

ﬂ‘

BlZ 5 WECF % 0.2 mM t-BHP 3% % p GSH 3
t-BHP ¥ v * 3] pF » HepG2 *#¢ p 2. GSH 7 &
I ik B 2. WECF » »* 3% Jk & 250 pg/ml 9 WECF &

B 2xkA 02 mM

E

v Z_

okt 5729%’$FEE¢1%«J“’7P
B EH4 GSH 7 £ -

t-BHP ¥ jhit* 3] g > HepG2 ## p 2 TBARS f&_ FEH A FRPEAILT F
Dk B2 WECF > # & ¥ ' < TBARS z_ 7

Bl 5 WECF # 0.2mMt-BHP ;A4 7¢  TBARS 7z £ 2 2% - 2% &1 0.2mM

o~ Hawe A B

B~ % WECF % 0.2 mM t-BHP % % HepGZ "z )\ caspase-3 iE 2 F - 0.2 mM
t-BHP # i¢ 2 p 2_ caspase-3 /& 1434 5 x4 e 2 2.07 & -% 12 10-100 '*’ 250 pg/ml
WECF /&J2 > A caspase-3 & & % > 1 47 %FJ 2. 1.71~134 % 136 & > B b
i &FRl4 ¥ 0.2 MM t-BHP 3% %% caspase-3 iE 125 g EH o

B~ % WECF % 0.2 mM t-BHP 3 % HepG2 # P IkB-oA f2 2§ 45-0.2 mM t-BHP
Hppier 2. pF> 7 g% p IkB-a 433 250 % =+ » % 2 10-250 ug/ml WECF
R o B kB A R 5 B E MR o 33 20 WECF ¥ 4R 5 NFkB 75 2 $r
f;ﬁ‘l‘l o

B4 126 = B %% A 45 WECF % 0.2 mM t-BHP 3% % % p Bcl-2/Bax & 2 8
o Z% kg 02mMt-BHP ¥ fxi¥* 2hr> # Bel-2/Bax 2.+ F P e%;w*f "i.% s @
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7 F kR 2. WECF 2> (%P & #& = Bel-2/Bax 2+ & > & 57 WECF it & % t-BHP
AR e 2 Ik o

B+ & % F kR WECF ¥ t-BHP 32 2 p %3 22 #2538 - 0.2 mM t-BHP # %
Wiz 2hr BWCR B F T F > 187 kR WECE jed® it B F 138 4o 0 1= b
%% B WECF &t 5 »cip b t-BHP 8 e %o 2T "I % o

- B * k&R 2 WECF # 0.2 mM t-BHP 3% % PARP 2. %2 58-0.2 mM t-BHP
gﬁﬁwthrw’ﬂPARPéﬂ$ﬁw@¥ﬁT%,m:mo&zwpwmhaMECF
Plac B Mg v h PARP % 3 d Bl 2% 7 0 & t-BHP 3% % ) caspase-3
SIS o 3 PARP 2 4 f2(Bl- - ). 48 & ¥ » % WECF #r+#| caspase-3 /%
Mz 2G5 5 da¥E 4 R PARP 2 A fRH o

%]J~ = 2 DAPI staining 7233 WECF % 0.2 mM t-BHP 3% % w2 2_fuik = (2o d [
v o t-BHP 3% % w2 &= > 212 10 - 250 ug/ml WECF &2 2z ‘m?e » H %= 2.
m@&mﬁ%ﬁo

EE WA
WECF 3 HPLC-MS total ion ¥ HPLC-DAD chromatograms z_ 4 47 > d @]+ = £
- &PT WECF &8 it 283 fa = A > & E (st 155 ¢ o > 4
v z»;v w Pk e % 4 (Betanin) » = % 3 (Rutin) » .1 2 fi= (Kaempferol) * # fe a4y
¥ 37 % %2 ¢ amaranthine > flavonol glycoside mcamelllan05|deo IR L AR NVAS S

=2 % » REBER M ZF R EPF 2 H 5 4 Rutin » Kaempferol » Betanin i® A jpl:#

N S SE TR e S

@AmﬁﬁﬁﬁﬁainzthB P:% % HepG2 2 =+ 1+ 7% 12% % ¥ Caspase-3
A2 e d BT 2 AY ¥4 0 1-100 pM 2 Rutin » Kaempferol % Betanin
?%gb&mﬁﬁmwiéxﬁm?’mﬁilLBm BER A AT R
t-BHP %% =1t % &+ o ¥ ¢ > Rutin » Kaempferol » Betanin 7= ¥ *% i< t-BHP 3£
7% caspase-3 &tz it * (Bt w C) o

Y- ERFailn

B H4%

R L-2 T Loy !

(-)WECF &322 3 CCly F# <~ RBELAF - TRILELBE

+ = 53 L4 s WECF (0.5-25 mg/kg bw)e =44 = & Rutin » Kaempferol -

Betanin (1 pg/kg bw)+ + &g 4§ 28 = » #30% 28 X " yEii &+ CCly» HF8 « &

o?f"é B2E %7‘3?7;“ TE 2R od EEE T eRhE&e 2821 H A EE
AMEFMLE(P>0.05)-

( )WECF#‘?/ te 24 CCl 3+ B 2 & 2 1 Bl 3

= 5 WECF &2 B 2 43 LAk S+ BL28 % {83t % 28 % "33 &+ CCly 3%

)%<FWﬁ%vlﬂwwuyﬂ?TowﬁpﬁZS%,ﬁccu,gm@aﬁlq

?OSFIR 1 dp e AST £ ALT (p < 0.05) - @ Silymarin £ 2.5 mg/kg bw > WECF
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v ¢ 2 AST(p<0.05) » 2 i i B I ALT i o

(Z)WECF &2 @484 2§t CCl g % + Hiny vl GSH 2 2 5
Fow 5% Kot vt st CCly € % < SOD &2 GSH 7 £ » WECF £ Betanin ¢ 3 +c
SOD 7t 2 eyt GPX & CAT R 7 E R8> ik ¢ ¥ H 4 GSH 7 & -

(E)WECF;&’, M 2% CCl 3% % + & CYP2EL i 2 § 4
d B+ 7 & 1.0 2 2.5 mg/kg bw 7 WECF # 34 CYP2ELl =7 = #& WECE
2 a2 H it 64 CCly e (7 ) 7 B 258044 o

(T )WECF &3 122 2 ¥ CClL 58 + & R ith ™ spihnie 2 PR

d Bl A7 5 CCly € P AR 4o = Utk ® s im?2 DNA 2 Bg F 45 5 >
e e (6 B H] DNA 2 JF B WECF 8 37485 & 2§ il
AR M T ke DNA & i gk |4 o

3 ‘Eﬁ
CCls3%

(* )WECF &5 = 2 CCly i3 + B3 i 2 )ﬁ;;“'*f P
d Bl Ry V2 REAslAp B¢ Bpor WECF &t 2 £ 5 7 SRR IR
% > H ¢ Rutin ~ Betanin 2 1.0 & 2.5mg/kg bw 7o WECF & % % -

S i = SR S )

(- )WECF & +s $CCl #8* RBELF - THRELELPF

I PR ARSER (30%) c B ERFH A e a TR F R R
#l& > Ja4k s WECF (05~1.0 % 25mgkgbw) 2 = faE 4 > &% 90 % »
FREz " FERAHBEAaEFHLLE -

(')WECF_éi' BALSHEH-KBRRIF LRI FHI L ELBE-

§ & AT 50 BUPH AL 1 ﬁz,mﬁ WP B EMA At o H a2 AST
ALT - BUN CRE 2 CHOL # &2 ¥4 p e jm Bg F 148 4c » @ WECF &2 = fd /5 |4 =
PRI % w0 2.5 mglkg bw 2 WECF & TG & iFp J\/pm‘z w5 £ R
Beprppred e g ¥ LR o

(2) WECF &2 75 5= A $HFpiE 3 « Riny per GSH2Z 15 -

# = BT PP 6 BEE"E 1+ B SOD &2 CAT %4+ > @ 1.0 ug/kg bw Rutin v & %
# < SOD Ett o ¥ 7 kB WECF v & ¥ 3 4c CAT Ao $#GSH ™ 3 0
7 H 4 GSH 7  » m WECF ~ Rutin & Kaempferol f £ ¥ <3 iy b o

(2)WECF g2 83 2 4§ VR4 2 B 5F

B~ B P B F 1A 4 TBARS 252 8 > @ WECF & = f& = & 2 A2 B B %
M3 7% X TBARS 2253 £ o ¥ d B-- 4 BB 7 PP 3 40 < Bl = Ztlw?z DNA
EX 4 R ) WECF B2 AR S RS2 IR P Bg e DNA 245 %
Biom WECF & H 5t 2 B o Frd i 8 « 80K = w22 DNAF P3R4 -

( ) WECF 2 3% r+ %A HHERE KB R % CYP2EL {2 5 5F
d Rl -9 7 g E T A% < B2 CYP2EL/E1+ » @ 0.1 ug/kg bw Betanin £
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2.5 mg/kg bwWECF R & 5 B F {42 e (E% o

() WECF &g = & $HFHE ki3 RSB H e Jf § 2 gL > #
d gL e‘:«'ﬁ—? WECF B A S HHEE ORI RS S BT 4 ) 7
o 2 BoE o BEor WECF 27528 A 3% imre £ 5 iR 187 o

LERE At
R
=~ #P R e (SVECA-10)2 £ 2 2 5F

I

4

ARl Bk AL e SVECA-10 5 i e $hi (7 in vitro 325 o
M= = 5 WECF $ SVEC4-10 ' % 2 % {42 %4 ¥ £ 100-500 pg/ml
1 WECF #f SVEC4-10 fm®e & 7 4% + ** 85 %4+ > &gsr 100-500 pg/ml
7 WECF % SVEC4-10 2 % 7 & .5 -

i L NO 22 2 $# eNOS A Fl4 B2 5

Bl- = % WECF % SVECA4-10 m®2 & Ji 16 /| P4 ¥ NO & 4 2§48 »
% B o7 WECF"x?f%*}k&ﬁa%c § # 4 SVECA-10 2%z h NO2_ A& 41 8 o462 2 >
WECF $p & w2 4 a2 NO A 4 £ % o 4 i&— # B /2 WECF % iz NO
A4 2 3 > A f A 47 WECF $ eNOS A F 2 M2 ¥ d - L ¥
¥ 5 91100-500 ug/ml 2 WECFﬁeNOSE’ﬁ B G A S ) REX
§ Bl 1w ¥ 59 WECF #]% eNOS 2 A F14 L #5 H » i&d # 4 p 4
wmiz2 NOA T E(Fl=Lz=)o

i

PGl A N2 COX-2 AFAR2Z P
Bl -7 % WECF $# PGl 2 1 £ 2 325 - %% &7 # F k&2 WCEF %
PGl, 2 1 &4 B F {2 et - T F- <= P&~ 7 kAR WECF %
COX-2 A Fl & M2 B> B 7 k&R 2 WECF # COX-2 A Fl &3R5 &
BB RE T2 o

$#Ca’'d &2 gyl

Bl- L= %453 WECF % Ca?* 2z #r 4|3 o 37 WECF ¥ #r4|p 4 fne 2
Ca?* g% 4 2 g&%ﬁ% ceNOS it 43 1% arginine @ 7 = § §#2 5.4 + cHNO -
- 2 NO )= 8% » i g T i relmrz (VSMC) @ % it guanylate cyclase (GC)
o GC ¥ 4 GTP & - = cGMP > ¥ - % 6 > COX ¥ #-14 w k(7% =
prostacyclin (PGl,)- I :& » VSMC> £ £ G-protein-coupled receptor (Gs).% & >
M@ % - adenylate cyclase (AC)» ot fix it #- ATP #& it = CAMP 30 + i cGMP
& cAMP p| » %] &_:& GMP-dependent protein kinase (DKG) £
CAMP-dependent protein kinase (PKA) /& 14 o b = fé jfcfie ¥ Bifs 1* 49 3+ 1
FH9 o HR VSMC Woihg B TR > MR- P » T timte
2. Ca* > - L Ca2+,ﬁ B E L HH e ?%&EM DR BRI G

d Bl- -+ - ¥ WECF E*thﬂf]p\pi wmiz 2. Calt g > gt p4 WECF 3 %
&@~@°

I ~ ¥ peroxynitrite 2 = |32 g8

Bl=- + ~ % WECF % peroxynitite (ONOO )it* 2 8258 > d B¢ +

::lr
5 1
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WECF # ONOO 2.4 = A Ffrd] e m Ay LM F p L w22 Oy

¢ 2 NO F @ &2 peroxynitrite » H ¢ i& ﬂbqf it eNOS z #f 7]+

tetrahydrobioterin (BHXx) » ¥ ¢t » peroxynitrite ¢ *# ¥4 prosfacyclia synthefase

EHOERPGL 2 AR T iea 2 3w Rode s 2 WECF #r4] peroxynitrite
EH o R E R L R

A~ $HROS§ it 2 4
W= L1 5 WECF % HiO, % p L im% ROS 22 2 /- d F¢ +
11 WECF #f ROS 2 2 & } B F{44r 4] o

i

= ~ $ ACE 2 #r4lid
%~ B WECF $ ACE £ 4 BEF il > ¥ Sk B3 4o B4 fl1L 7 3 448

%LL * £ F » 500 pg/ml %+ ACE Frdl it 4P e 1 uM 2 captopril & & %

ES éw\ > WECF %+ ACE 2z $r] (8% 7 3P H $fw Bt BEL

A~ WECF #E 2 & Rutin » Kaempferol & Betanin $p £ fw? 4 it B
¥
Bl= L %7 WECF2 = #8342 108= 25 uM kR 2 4 H4% F %90 % »
Bor At kR Y SVECA-10 2 572 ERE-Bl=L- K7 ;yfg_;w; A 25
UMERE T$ NO 2 24 £ &5 25> # ¢ 11 Kaempferol B2 58548 ¥ d B
Ziodws 4v:ﬁM\++eNosBmz Bos R ELE(E o R F o 2
/»\HPGIZ(E] L =) COX-2 & 71 & (B = —Lu;)* EF ez ¥
”"ﬁ*Q%Cfﬂi4$34@¥ﬁ7W#ﬁ%BJI)’a%
peroxynitrite 2 =@ 2 > = fa A L G drd (Bl = L2 )2 H HO 3% i
;imﬂeROSﬁ4ﬂ*”’#>Pﬁ*'JH(F%l +-=)d B= - ¥ fE

\_
144
fon
iﬁl

6% A $ SVECA-10 fme § B ' i B F]F 2 1 T
#2948 WECF £ 4 Lfi wof Fd AL T
%ﬁ'%:}i&"ﬁpﬁ,“lj fT# o

1 ~ WECF 2 H 232 4% & R2 invivo 35%

d >t invitro 3#% ¢ 50 uM 2. Kaempferol 44+ SVEC4-10 £ 3 # 2 4 L £ 2
pinvivoEsk ™ it £ 7 & Mo A invivo s P F )2 Rutin 2 Betanin p)z# o

4.+ 57 kA2 WECF %2 Rutin - Betanin 4t SHR < &4 & & T % & ¥

Foi R FEEY N RdlE e &L - :3 A kR 2 WECF %

Rutin > Betanin $t SHR ~ B3 Jeig/R2 b BEFd b 7 g MR F Y

21 = »100 mg/kg bw z- WECF % 50 mg/kg bw 2- Rutin £ % 0 % +* 2 2 5 &
A% Jedga RIEH > 4wl 21.2 £ 39.5 mmHg- @ %2 % {$>100 mg/kg

bw . WECF @ B 5 %2700 ¥ d %\4 - 7w g 4% 21 % 100 mg/kg bw
2. WECF £ 50 mg/kg bw 2 Rutin £2 % 0 % +* fio & 5 A F "% M 4R5R R 2 3%

A Bt 15,3 88 22,2 mmHg -

d ,}ﬁp%ﬁa‘%?,ﬁ_pu‘_i‘ﬁ PR t-BHP 224 2.3 i BRA4 5 iEm K

t-BHP ]3£3 ‘e 5 it B4 @ lwmfe X% o H ¢ WECF % i< t-BHP 3£ % ROS ~

TBARS 7 & - Caspase-3 =1+ %2 " IkB-a 2. 4~ f# » %2 GSH -~ Bcl-2/Bax +* &

2T B 0 d % WECF 3§ s A o B § F i g MRS 20k e B
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invivo #i5% ¢ » FJWECF & 3 #rf ¥ i 8% » F]pb 512 CClg 28 1 Fp o 3 3w
i 2 0in vivo #%® > WECF ¢ it Bg ¥ i " lmie L3 4LF 1 18% » @ H 97
% e ;r]%:,\./,,\d A E 75 T ERREZ 4*,.,‘:,]% s Eﬂl’ﬁ 843> WECF z %EBJ‘—%;;:)I’%O e
AR BRAE AR o Wik 5 0 WECF FliE4E eNOS &2 COX-2 & {2 m H 4c
NO £ PGl, # 4 € > k& p¥ WECF #r4] ACE /&£ -~ Ca® ~ONOO 3 & - ¥ ¢} >
WECF jﬁ SHR « B2 jeiBe 4R E g AR # i o a BEH N EHATE G s
R2GhFMoFE Y EHZHBEEASE G ETFE A L B2 SR -
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Figure 1. Effects o Djulis extracted with different solverts on HepG2 cell viability.
The cells were treated with water extracts of of Djulis (WECF), ethyl acetate extracts
of Djulis (EECF) and butanol extracts of of Djulis (BECF), respectively, for 24 h.
Data are presented by means = SD (n=3).
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180 ~ t-BHP 0.2mM
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H *
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Figure 2. Effects of water extracts of Djulis (WECF) on HepG2 cell viability in 0.2
mM t-BHP-induced HepG2 cells. The cells were treated with different concentrations
of WECF and exposed to 0.2 mM t-BHP for 24 h. Data are presented by means + SD
(n=3). *(p < 0.05) compared with the control group. *(p < 0.05) compared with 0.2
mM t —-BHP-induced cells alone.

22



300 - t-BHP 0.2 mM
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Figure 3. Effects of water extracts of Djulis (WECF) on LDH leakage in 0.2 mM
t-BHP-induced HepG2 cells. The cells were treated with different concentrations of
WECF and exposed to 0.2 mM t -BHP for 16 h . Data are presented by means + SD
(n=3). *(p < 0.05) compared with the control group. *(p < 0.05) compared with 0.2
mM t —-BHP-induced cells alone.
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Figure 4. Effects of water extracts of Djulis (WECF) on ROS production in 0.2 mM
t-BHP-induced HepG2 cells. The cells were treated with different concentrations Of

WECFand exposed to 0.2 mM t-BHP for 3 h. Data are presented by means + SD (n=3).
*(p < 0.05) compared with the control group. *(p < 0.05) compared with 0.2 mM
t-BHP-induced cells alone.
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Figure 5. Effects of water extracts of Djulis (WECF) on GSH in 0.2 mM t-BHP-
induced HepG2 cells. The cells were treated with different concentrations of WECF
and exposed to 0.2 mM t-BHP for 3 h. Data are presented by means + SD (n=3)."(p <
0.05) compared with the control group. *(p < 0.05) compared with 0.2 mM t-BHP-
induced cells alone.
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Figure 6. Effects of water extracts of of Djulis (WECF) on TBARS levels in 0.2 mM
t-BHP-induced HepG2 cells. The cells were treated with different concentrations of
WECF and exposed to 0.2 mM t-BHP for 2 h. Data are presented by means + SD
(n=3). *(p < 0.05) compared with the control group. *(p < 0.05) compared with 0.2
mM t-BHP- induced cells alone.
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Figure 7. Effects of water extracts of Djulis (WECF) on caspase-3 activity in 0.2 mM
t-BHP-induced HepG2 cells. The cells were treated with different concentrations of
WECF and exposed to 0.2 mM t-BHP for 24 h. Data are presented by means + SD
(n=3). *(p < 0.05) compared with the control group. *(p < 0.05) compared with 0.2
mM t-BHP-induced cells alone.
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Figure 8. Effects of water extracts of of Djulis (WECF) on IkB-a in 0.2 mM
t-BHP-induced HepG2 cells. The cells were treated with different concentrations of
WECF and exposed to 0.2 mM t-BHP for 2 h. Data are presented by means + SD
(n=3). *(p < 0.05) compared with the control group. * (p < 0.05) compared with 0.2
mM t-BHP-induced cells alone.
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Figure 9. Effects of water extracts of of Djulis (WECF) on Bcl-2/Bax in 0.2 mM
t-BHP-induced HepG2 cells. The cells were treated with different concentrations of
WECF and exposed to 0.2 mM t-BHP for 2 h. Data are presented by means + SD
(n=3). *(p < 0.05) compared with the control group. *(p < 0.05) compared with 0.2
mM t-BHP-induced cells alone.
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Figure 10. Effects of water extract of of Djulis (WECF) on mitochondrial membrane
potential in 0.2 mM t-BHP-induced HepG2 cells. The cells were treated with different
concentrations of WECF and exposed to 0.2 mM t-BHP for 2 h. Data are presented by
means + SD (n=3). *(p < 0.05) compared with the control group. *(p < 0.05)
compared with 0.2 mM t-BHP- induced cells alone.
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Figure 11. Effects of water extract of of Djulis (WECF) on PARP in 0.2 mM
t-BHP-induced HepG2 cells. The cells were treated with different concentrations of
WECF and exposed to 0.2 mM t-BHP for 2 h. Data are presented by means + SD
(n=3). *(p < 0.05) compared with the control group. *(p < 0.05) compared with 0.2
mM t-BHP-induced cells alone.
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Figure 12. Effects of water extract of of Djulis (WECF) on morphology in 0.2 mM
t-BHP-induced HepG2 cells. The cells were treated with different concentrations of
WECF and exposed to 0.2 mM t-BHP for 24 h.
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Figure 13. Total ion chromatograms of m/z 100-800 in electrospray positive (upper
panel) and negative ionization (middle panel), and HPLC-photodiode array detection
chromatograms (lower panel) at full scan of 210-600 nm from methanol soluble
compounds in aqueous extract of Djulis. Peak numbers refer to Table 1.
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Figure 14A. Effects of Betanin, Kaempferol and Rutin on HepG2 cellsurvival in 0.2
mM t-BHP-induced HepG2 cells. Cells were treated with different concentrations of
Betanin, Kaempferol and Rutin and exposed to 0.2 mM t-BHP for 24 h. Data are
presented by means + SD (n=3)."(p < 0.05) compared with the control group. *(p <
0.05) compared with 0.2 mM t-BHP-induced cells alone.
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Figure 14B. Effects of Betanin, Kaempferol and Rutin on ROS production in 0.2 mM
t-BHP-induced HepG2 cells. Cells were treated with different concentrations of
Betanin, Kaempferol and Rutin and exposed to 0.2 mM t-BHP for 3 h. Data are
presented by means + SD (n=3). *(p < 0.05) compared with the control group. *(p <
0.05) compared with 0.2 mM t-BHP-induced cells alone.
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Figure 14C. Effects of Betanin, Kaempferol and Rutin on caspase-3 activity in 0.2
mM t-BHP-induced HepG2 cells. Cells were treated with different concentrations of
Betanin, Kaempferol and Rutin and exposed to 0.2 mM t-BHP for 24 h. Data are
presented by means + SD (n=3). *(p < 0.05) compared with the control group. *(p <
0.05) compared with 0.2 mM t-BHP-induced cells alone.
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Tablel. Retention time, UV-vis and Mass spectral characteristics of the water extracts of Djulis (WECF)

Peak  Compound tr (MIN)  Apay (NM) [M+H]* fragment ions [M-H] MS? Amount ( mg/g) ¢ References

1 Unknown 12.68 274 220 188, 205, 156 218 - 10.08

2 Amaranthine® 15.05 538 727 355, 377, 404,220 -- - 20.02 Tsai et al. (2012)

3 Isoamaranthine® 16.78 534, 237 727 147, 379, 300, 715 -- - 2.83 Tsai et al. (2012)

4 Betanin® 17.09 534, 274 551 539, 505, 187, 355 -- -- 68.33

5 Betanidin® 17.65 474, 260 391 327, 355, 129, 212 389 - 4.46 Kobayashi et al. (2001)

6 IsoBetanin® 19.28 534, 236 551 539, 327, 356, 505 -- - 15.40 Tsai et al. (2012)

7 Unknown 25.81 275, 234 713 409, 147,513,340 711 -- 12.29

8 Unknown 30.90 235, 277 274 206, 252, 120, 234 272 -- 57.85

9 Camellianoside” 31.60 268, 350 743 611, 303, 497,595 741 300, 179 10.22 Onodera et al. (2006)

10 Unknown 32.07 257, 356, 230sh 473 207, 457, 249, 177 471 -- 35.56

11 Kaempferol derivative® 32.40 268, 348, 236sh 697 565, 433 695 549, 284, 430 8.89

12 Kaempferol 3-O-[6""-p-coumaroyl- 32.82 268, 349, 246sh 741 565, 361, 299 739 593, 285, 431 60.37 Luo et al. (2013)
glucosyl-p-(1—>4)-rhamnoside] °

13 Kaempferol-3-O-[xylopyranosyl(1,3)- 33.54 267, 354, 233sh 727 595, 287, 383, 449 725 284, 255, 575 56.90 Semmar et al. (2002)
rhamnopyranosyl(1,6)]-galactoside®

14 Rutin® 33.91 349, 267, 226 611 303, 465 609 300, 301, 271 95.69

15 Kaempferol-3-O-[2-O-xylopyranosyl-

6-O-rhamnopyranosyl]-glucoside” 34.18 266, 351, 230sh 727 595, 287, 449 725 284,593, 255 117.02 Park et al. (2006)
16 Unknown 34.77 270, 234, 350 581 291, 313, 245, 273 579 245, 203 22.44
17 Kaempferol-3-O-robinobioside® 35.80 267, 342, 235 595 287, 449, 567 593 284 28.53 Liu et al. (2010)
18 Kaempferol-3,7-di-O-rhamnoside® 36.07 350, 266, 234 579 433, 375 577 - 52.34 Page et al. (2012)
19 Kaempferol-3-O-Rutinoside® 37.30 267, 350, 235sh 595 287, 449 593 285, 284, 255 160.03
20 Kaempferol-3,4'-dipentoside® 38.81 268, 351, 235sh 551 287, 419 549 - 42.73
21 Kaempferol-3-O-rhamnoside® 41.96 266, 235, 346 433 287, 321 431 -- 14.10 Kerhoas et al. (2006)
22 Unknown 42.56 236, 312, 420 679 295, 340 677 489, 279, 444 32.82
23 Unknown 44,01 245, 318, 412 677 659, 330, 538 675 -- 7.42
Total 936.32

*The identification was confirmed further by authentic compound. ®Compounds were tentatively identified according to mass spectra and the
matched data from literatures. “Compounds were limitedly identified from mass spectra and UV-visible absorbance spectra. ¢ Peaks 2, 3, 4 and 6
were quantified as equivalent to Betanin and all the others were quantified as quercetin (three replicates for all compounds) based on the amount
of mg/g extract.
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Table 2 Effects of water extracts of Djulis (WECF) and three bioactive compounds on body
weight and relative organ weights in male Wistar rats

Initial body Final body Relative organ weights (%)

Groups weight (9)  weight (g) Liver Kidney
Control 300.03+8.16 329.07+21.06 43.1+9.72 10.0+1.27
50% CCl, / Olive oail 305.47+5.10 372.64+18.38 45,1+2.86 9.1+0.49
Rutin (1pg/kg bw)+CCl, 272.58+22.13 339.08+18.65 44.2+5.26 9.8+0.43
Betanin (1 pg/kg bw)+CCl, 291.51+17.98 349.90+11.38 42.2+3.64 9.2+0.47
Kaempferol (1 pg/kg bw)+CCl, 295.38+£15.25 335.78+22.15 43.7+£3.67 9.2+0.82
Silymarin (100 mg/kg bw)+CCl, 296.67+14.35 344.73+17.46 39.4+1.74 9.0+£0.58
WECFL (0.5 mg/kg bw)+CCl, 285.60+£10.16 333.77+23.60 40.1+4.78 9.5+£0.61
WECFM (1 mg/kg bw)+CCl, 300.03+8.16 344.42+10.57 43.2+4.22 9.6+£0.61
WECFH (2.5 mg/kg bw)+CCl, 289.59+14.89 338.7+£19.60 39.6+£4.06 10.4+0.32
WECFH (2.5 mg/kg bw) 288.97+5.37 346.50+27.68 38.3+1.41 10.0£1.27

Values are means + SD for six rats per group. Results were all statistically analyzed with LSD
test. “significant difference from the control group (p<0.05). “significant difference from the
CCl,4 group (p<0.05). Relative organ weight= organ weight (g) / final body weight (g) x 100%.
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Table 3 Effects of water extracts of Djulis (WECF) and three bioactive compounds on serum biochemical values in male Wistar rats treated with

CCl,
Groups AST ALT BUN CRE CHOL TG
(U/L) (U/L) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Control 11610 35+1.5 152 0.64+0.06 73.3+20.8 77.00£2.0
50% CCl, / Olive oil 1409+8217 391+199° 18+3 0.62+0.06 40.2+6.27 44,00£11.17
Rutin (1 pg/kg bw )+ CCl, 8684654 2574193 21+3 0.65+0.04 51.247.5 37.20£15.1
Betanin (1 ug/kg bw )+ CCl, 9484619 2174155 21+4 0.67+0.07 45.3+3.6 38.00£11.0
Kaempferol (1 pg/kg bw )+ CCly 1205+633 49623001 1943 0.64+0.04 43.7+8.9 47.50+£20.3
Silymarin (100 mg/ kg bw )+ CCl, 6224681 203254 20+3 0.67+0.05 38.246.7 34.67£14.9
WECF (0.5 mg/ kg bw )+CCly 132041001 522+448 2142 0.67+0.04 44.2+11.2 40.17+10.0
WECF (1 mg/ kg bw )+CCl, 747+383 214+130 20+3 0.63+0.04 36.2+11.6 32.20+8.2
WECF (2.5 mg/ kg bw )+CCly 3154161 94+43" 21+4 0.64+0.06 47.3+20.7 37.00£9.7
WECF (2.5 mg/ kg bw ) 119+39° 36+10° 16+0 0.62+0.02 32.3+3.2° 68.67+18.0°

Values are means = SD for six rats per group. Results were all statistically analyzed with LSD test. “significant difference from the control
group (p<0.05). “significant difference from the CCl, group (p<0.05). AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN,
blood urea nitrogen; CRE, creatinine; CHOL, cholesterol; TG, triglyceride.
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Table 4 Effects of water extracts of Djulis (WECF) and three bioactive compounds on antioxidant enzymes activities and
glutathione content in male Wistar rats treated with CCl,

Groups SOD GP).( CAT. GSH
(U /g Liver) (U /g Liver) (ng /g Liver) (ug /g Liver)

Control 3480+1355 157+66 458+30 1558+14
50% CCl4 / Olive oil 2335+461° 104+13 455+42 1384+259
Rutin (1ug/kg bw )+ CCl4 2595+636 148+45 552+66 2289+337"
Betanin (1pg/kg bw )+ CCl4 4573+886" 140424 533+58 2081+422"
Kaempferol (1ug/kg bw )+ CCl4 2848+647 108+37 554+98 1967+226"
Silymarin (100 mg/ kg bw )+ CCl4 3415+516 133+12 468455 1996+160"
WECF (0.5 mg/ kg bw )+CCl4 4534+1823" 112+18 493+58 1999+236"
WECF (1 mg/ kg bw )+CCl4 444641033 156420 483+62 1948+292"
WECF (2.5 mg/ kg bw )+CCl4 4647+496" 145+40 45659 2428+430"
WECF (2.5 mg/ kg bw ) 2548+311 149+38 390+76 1969+49°

Values are means + SD for six rats per group. Results were all statistically analyzed with LSD test. *significant difference from
the control group (p< 0.05). significant difference from the CCly group (p< 0.05). SOD, superoxide dismutase; GPX,
glutathione peroxidase; CAT, catalase; GSH, glutathione.
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Figure 15. Effects of water extracts of Djulis (WECF) and three bioactive compounds on
CYP2E1 in male Wistar rats treated with CCl, Values are means = SD for six rats per
group. Results were all statistically analyzed with LSD test. significant difference from
the control group (p < 0.05). “significant difference from the CCl, group (p < 0.05).
CYP2E1, Cytochrome P450. The concentration of Rutin, Betanin, and Kaempferol is
1ug/kg bw, respectively.
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Figure 16. Effects of water extracts of Djulis (WECF) and three bioactive compounds
on DNA strand breakage. Photomicrographs of comets (A) in lymphocyte stained with
propidium iodide in different groups: (a) Control group; (b) 50% CCl4;(c) Rutin (1
ug/kg bw)+CCly; (d) Betanin (1 pg/kg bw)+CCl, group; (e) Kaempferol (1 ug/kg
bw)+CCly; (f) Silymarin (100 mg/ kg bw)+CCl, group; (g) WECF (0.5 mg/ kg
bw)+CCl, groups; (h) WECF (1mg/ kg bw)+CCl, groups; (i) WECF (2.5 mg/ kg
bw)+CCl, groups ; (j) WECF (2.5 mg/ kg bw) and genotoxicity of WECF on DNA
strand breakage (B) in blood lymphocytes from rats treated with CCl,. Tail moment =
percent of DNA in the tailxtail length (Tm). Data were presented as mean + SEM.
Results were all statistically analyzed with LSD test. “significant difference from the
control group (p < 0.05). "Significant difference from the CCl, group (p < 0.05).
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Figure 17. Effects of water extracts of Djulis (WECF) and three bioactive compounds on
liver in rats induced by CCl, treatment : (a) Control group; (b) 50% CClg4;(c) Rutin (1 png/kg
bw)+ CCly; (d) Betanin (1 pg/kg bw)+ CCl,4 group; (e) Kaempferol (1 png/kg bw)+ CCly; (f)
Silymarin (100 mg/kg bw)+CCl, group; (g) WECF (0.5 mg/kg bw)+CCl, groups; (h)
WECF (1 mg/kg bw)+CCl, groups; (i) WECF (2.5 mg/ kg bw)+CCl, groups ; (j) WECF
(2.5 mg/kg bw).
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Table 5. Effects of water extracts of Djulis (WECF) and their bioactive compounds on body
weight and relative organ weights in rats treated with ethanol (EtOH)

Groups Init!al body Fin_al body Relat_ive organ weights (%)
weight (g) weight (g) Liver Kidney
Control 257.17+4.26 489.13+29.14 3.02+0.37 0.77+0.08
EtOH 269.83+9.95 416.20+23.25% 3.63£0.27% 0.80+0.07
Silymarin (100 mg/kg bw)+ EtOH  270.96+9.35 447.49+65.49 3.49£0.36 0.77£0.05
Rutin (1.0 ug/kg bw)+ EtOH 277.34£9.51 427.90£39.39 3.62£0.20 0.80£0.06
Betanin (1.0 pg/kg bw)+ EtOH 274.55+11.46 446.33+31.34 3.60+0.29 0.80+0.07
Kaempferol (1.0 pg/kg bw)+ EtOH 265.56+3.21 446.84+28.68 3.45+0.15 0.83+0.07
WECF (0.5 mg/kg bw)+ EtOH 276.30£8.73 429.60£34.25 3.67£0.13 0.82+0.03
WECF (1.0 mg/kg bw)+ EtOH 274.76£12.19 427.50£36.00 3.80£0.41 0.85£0.09
WECF (2.5 mg/kg bw)+ EtOH 269.53+4.70 445.64+49.95 3.50+0.28 0.79+0.09
WECF (2.5 mg/kg bw) 275.43+4.74 503.33+36.31 3.13+0.05 0.78+0.05

Values are means + SD for six rats per group. Results were all *statistically analyzed with LSD
test. *Significant difference from the control group (p < 0.05). “Significant difference from the
EtOH group (p < 0.05). Relative organ weight (%) =organ weight (g) / final body weight (g) x
100.
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Table 6. Effects of water extracts of Djulis (WECF) and their bioactive compounds on serum biochemical values in rats treated with ethanol

(EtOH)
Groups AST ALT BUN CRE CHOL TG
(U/L) (U/L) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Control 105+15 47+11 20+2 0.75%0.06 63.7+1.2 82.3+24.0
EtOH 110+12 52+10 2214 0.72+£0.02 71.5+£15.6 153.0+17.3%
Silymarin (100 mg/kg bw)+ EtOH 102+14 47+10 2143 0.72+0.05 75.1+11.5 153.2+39.1
Rutin (1.0 pg/kg bw)+ EtOH 109+3 48+4 18+1 0.68+0.06 80.2+20.4 128.8+27.9
Betanin (1.0 ug/kg bw)+ EtOH 103+13 50+13 23+3 0.73+0.04 71.0£10.9 139.8+39.6
Kaempferol (1.0 ug/kg bw)+ EtOH 100+12 42+7 19+1 0.67+0.01 66.1+8.2 121.5+29.9
WECF (0.5 mg/kg bw)+ EtOH 100+4 42+9 20+1 0.68+0.04 62.7+8.7 145.7+5.7
WECF (1.0 mg/kg bw)+ EtOH 10210 52112 2214 0.68+0.01 70.9£8.7 130.2+23.8
WECF (2.5 mg/kg bw)+ EtOH 100+28 4512 2012 0.70+0.06 69.0+10.1 110.2+14.6
WECF (2.5 mg/kg bw) 8815 45+12 21+2 0.74+0.12 69.5+2.1 119.0+31.1

Values are means + SD for six rats per group. Results were all statistically analyzed with LSD test. *Significant difference from the control

group (p < 0.05). "Significant difference from the EtOH group (p < 0.05). AST, aspartate aminotransferase; ALT, alanine aminotransferase;
BUN, blood urea nitrogen; CRE, creatinine; CHOL, choesteral; TG, triglycerol.
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Table 7. Effects of water extracts of Djulis (WECF) and their bioactive compounds on glutathione (GSH) and antioxidant enzymes activities
in rats treated with ethanol (EtOH)

Groups GSH SOD GPx CAT
(nmole /g Liver) (U /g Liver) (U /g Liver) (nU /g Liver)
Control 26057 14641367 118+16 624+37
EtOH 700£63* 918+173° 115+16 461£14°
Silymarin (100 mg/kg bw)+ EtOH 493+123" 701+106 13031 734£119
Rutin (1.0 pg/kg bw)+ EtOH 522+124" 1210+£176" 117417 467+33
Betanin (1.0 pg/kg bw)+ EtOH 527+125 860+86 1139 660+146
Kaempferol (1.0 pg/kg bw)+ EtOH 461£119 985+267 101+8 504+117
WECF (0.5 mg/kg bw)+ EtOH 645+67 7754142 120+14 783457
WECF (1.0 mg/kg bw)+ EtOH 500+£134" 607+88 10715 811+26
WECF (2.5 mg/kg bw)+ EtOH 461+58" 703+171 97+12 804491
WECF (2.5 mg/kg bw) 733+70 11294216 124+19 835+60°

Values are means +38D for six rats per group. Results were all statistically analyzed with LSD test. “Significant difference from the control
group (p < 0.05). Significant difference from the EtOH group (p < 0.05). GSH, glutathione, SOD, superoxide dismutase; GPx, glutathione
peroxidase; CAT, catalase.
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Figure 18. Effects of water extracts of Djulis (WECF) and their bioactive compounds on
thiobarbituric acid reaction substances (TBARS) formation in the liver of rats treated
with ethanol (EtOH).Values are means + SD for six rats per group. ” significant difference

from the control group (p < 0.05). * Significant difference from the EtOH group (p <
0.05).
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Figure 19. Effects of water extracts of Djulis (WECF) and their bioactive compounds on
DNA strand breakage. Photomicrographs of comets (A) in lymphocyte stained with
propidium iodide in different groups: (a) Control group; (b) ethanol (EtOH); (c) Rutin
(1.0 pg/kg bw)+ EtOH; (d) Betanin (1.0 ug/kg bw)+ EtOH; (e) Kaempferol (1.0 pg/kg
bw) + EtOH; (f) Silymarin (100 mg/kg bw)+ EtOH; (g) WECF (0.5 mg/kg bw)+ EtOH;
(h) WECF (1.0 mg/kg bw)+ EtOH; (i) WECF (2.5 mg/kg bw)+ EtOH ; (j) WECF (2.5
mg/kg bw) and genotoxicity of WECF on DNA strand breakage (B) in blood
lymphocytes from rats treated with EtOH. Tail moment = percent of DNA in the tail x
tail length (Tm). Data were presented as mean + SEM. Results were all statistically
analyzed with LSD test. * Significant difference from the control group (p < 0.05). *
Significant difference from the EtOH group (p < 0.05).
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Figure 20. Effects of water extracts of Djulis (WECF) and their bioactive compounds on
CYP2EL1 activity in the liver microsomes of rats treated with ethanol (EtOH).Values are
means + SD for six rats per group. * Significant difference from the control group (p < 0.05).
* Significant difference from the EtOH group (p < 0.05).
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Figure 21. Effects of water extracts of Djulis (WECF) and their bioactive compounds on the
liver histological damage after ethanol (EtOH) treatment in rats. (a) Control group; fatty
infiltration, slight (b) EtOH group; fatty infiltration, diffuse, severe (c) Silymarin (100 mg/kg)
+ EtOH group; fatty infiltration, slight (d) Rutin (0.001 mg/kg) + EtOH group; fatty
infiltration, diffuse, moderate (e) Betanin (0.001 mg/kg))+ EtOH group; fatty infiltration,
slight (f) Kaempferol (0.001 mg/kg + EtOH group; fatty infiltration, moderate (g) WECF (0.5
mg/kg)+ EtOH group; fatty infiltration, diffuse, moderate (h) WECF (1mg/kg)+ EtOH group;
fatty infiltration, diffuse, slight to moderate (i) WECF (2.5 mg/kg)+ EtOH group; fatty
infiltration, slight (j) WECF (2.5 mg/kg); fatty infiltration, slight. Magnification 400x.
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Figure 22. Effects of water extracts of Djulis (WECF) on SVEC4-10 cell viability. The cells
were treated with WECF for 16 h. Data are presented by means £ SD (n=3). *(p < 0.05)
compared with the control group.
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Figure 23. Effects of water extracts of Djulis (WECF) on NO production in SVEC4-10 cells.
The cells were treated with WECF for 16 h. Data are presented by means + SD (n=3). *(p <
0.05) compared with the control.
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Figure 24. Effects of water extracts of Djulis (WECF) on eNOS expression in SVEC4-10
cells. The cells were treated with WECF for 14 h. Data are presented by means £ SD (n=3).
*(p < 0.05) compared with the control.
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Figure 25. Effects of water extracts of Djulis (WECF) on PGI; production in SVEC4-10 cells.
The cells were treated with WECF for 4 h. Data are presented by means + SD (n=3). *(p <
0.05) compared with the control.
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Figure 26. Effects of water extracts of Djulis (WECF) on COX-2 expression in SVEC4-10
cells. The cells were treated with WECF for 2 h. Data are presented by means + SD (n=3). *(p
< 0.05) compared with the control.
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Figure 27. Effects of water extracts of Djulis (WECF) on Ca*" in SVEC4-10 cells.
The cells were treated with WECF for 20 h. Data are presented by means + SD
(n=3). *(p < 0.05) compared with the control.
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Figure 28. Effects of water extracts of Djulis (WECF) on peroxynitrite in
SVEC4-10 cells. The cells were treated with WECF for 16 h. Data are presented by
means £ SD (n=3). *(p < 0.05) compared with the control.

59



500 1~

o

g " 1mM H,0,

c 400 A

(@)

(@)

“— *

o T *

o i T

o\ 300

N *

C I

S

©

S 200 H

)

@)

|-

o

() 100

@)

o

0 T T T T T

Control 1mM H,0, 100 250 500

Concentration (ug/mil)
Bl ~4 =¥IFs4 % HO0, %% SVECA-10 ‘m?e F Jg 2 /] PF2. ROS 2 #2585 -
Figure 29. Effects of water extracts of Djulis (WECF) on ROS production in 1 mM
H,0O,-induced SVEC4-10 cells. The cells were treated with WECF and exposed to 1 mM
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Figure 30. Effects of Betanin, Kaempferol and Rutin on SVCE4-10 cell viability. The cells
were treated with different concentrations of Betanin, Kaempferol and Rutin for 16 h. Data
are presented by means + SD (n=3). *(p < 0.05) compared with the control group.
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SVEC4-10 cells. The cells were treated with Betanin, Kaempferol and Rutin for 14 h. Data
are presented by means + SD (n=3). *(p < 0.05) compared with the control
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Figure 34. Effects of Betanin, Kaempferol and Rutin at 25 uM on COX-2 expression in
SVEC4-10 cells. The cells were treated with Betanin, Kaempferol and Rutin for 2 h. Data are
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Figure 35. Effects of Betanin, Kaempferol and Rutin on Ca?* in SVEC4-10 cells. The cells
were treated with different concentrations of Betanin, Kaempferol and Rutin for 20 h. Data
are presented by means + SD (n=3). *(p < 0.05) compared with the control.
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Figure 36. Effects of Betanin, Kaempferol and Rutin on peroxynitrite in SVEC4-10 cells.
The cells were treated with different concentrations of Betanin, Kaempferol and Rutin for
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Figure 37. Effects of Betanin, Kaempferol and Rutin on ROS production in 1 mM
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Table 8. The inhibitory effect of water extracts of Djulis (Chenopodium formosaneum)
(WECEF) on angiotensin converting enzyme

Concentration (ug/ml) Inhibition (%) 1Cso (ug/ml)
100 24.07 + 0.03°

250 48.15 + 0.11™

500 74,07 + 0.05% 261.31 £ 0.94
Captopril (1pM) 81.48 * 0.06°

Experiments were done in triplicates. Values are expressed as the means + SD. Mean with
different lower case subscripts in the same column is significantly different (P< 0.05) by
Duncan's test.

# 4 Betanin, Kaemfperol and Rutin $+ ¢ % &5 % # 45 i 2 1] 5
Table 9. The inhibitory effect of Betanin, Kaemfperol and Rutin on angiotensin converting
enzyme

Concentration (uM) Inhibition (%) 1Cs0 (M)
Betanin

10 14.81 * 0.05°

50 16.67 * 0.08" -

100 25.00 + 0.07°

Kaempferol

10 7.41 *+ 0.05°

50 20.99 + 0.11° -

100 38.89 + 0.08"

Rutin

10 14.81 * 0.05°

50 37.04 t 0.06" 6581 + 0.05
100 79.63 + 0.08

Captopril (1pM) 81.48 + 0.06°

Experiments were done in triplicates. Values are expressed as the means + SD. Mean with
different lower case subscripts in the same column is significantly different (P< 0.05) by
Duncan'’s test.
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Table 10. Effects of water extracts of Djulis (WECF) and its bioactive compounds on body

weight and relative organ weights in spontaneously hypertensive rats

Groups Initi_al 9th qay 21st qay Rela.tive organ Wei'ghts (%)
body weight (g) body weight (g) body weight (g) Liver Kidney
C 260.52+2.28 266.84+3.77 284.30+4.71  1.81+0.04° 0.60+0.01
CA 271.65+2.48 276.60+5.02 287.40+4.53  2.20+0.03" 0.61+0.01
H 260.78+3.31 266.31+2.17 282.23+2.53  2.12+0.05 0.58+0.01
M 263.80+3.31 266.72+2.65 283.85+3.33  2.12+0.04 0.61+0.01
L 272.13+4.36 278.23+3.37 290.25+4.26  2.18+0.07" 0.59+0.01
R 264.06+2.95 264.36+5.20 280.56+2.50  2.13+0.08" 0.60+0.02
B 271.35+5.33 274.53+4.37 288.27+3.02  2.07+0.04 0.58+0.01

Data were shown as mean+SEM (n=7). C: Control; CA: Captopril at 50 mg/kg bw; H: WECF
at 100 mg/kg bw ; M: WECF at 50 mg/kg bw; L: WECF at 10 mg/kg bw; R: Rutin at 50
mg/kg bw; B: Betanin at 50 mg/kg bw. Values in the same column with different superscript
letter are significantly different at p < 0.05 analyzed by Duncan test.
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Table 11. Effect of water extracts of Djulis (WECF) and its bioactive compounds on systolic blood pressure in spontaneously hypertensive rats

Days

Groups 0 2 4 6 9 13 17 21
C 175.8+3.7 180.2+5.9 173.6+2.6 178.5+4.4 176.3+6.7" 174.3+9.8 176.6+8.6 175.5+7.0°
CA 206.0+6.3 172.9+4.5* 158.0+6.1* 150.7+5.7* 155.7+4.0** 149.1+8.2* 154.9+7.4* 151.1+7.2*®
H 199.9+5.2 187.7+8.4 177.9+9.6* 176.7+4.7* 178.0+4.3* 179.2+3.4* 181.043.7*  178.7+2.5*°
M 202.3+9.6 200.0+7.4 186.3+5.6 187.2+6.1 185.247.1™ 180.7+5.2 187.2+8.5 200.3+5.6°
L 215.6+11.7 199.3+7.1 197.8+10.2 196.5+5.4 203.146.2° 197.9+5.0 203.4+3.6 205.8+8.4°
R 214.8+9.0 190.1+6.2 198.4+6.6 188.3+5.9 184.5+7.8"™ 190.9+8.0 172.745.0%  175.3+5.0*°
B 200.3+6.9 190.5+8.0 194.8+9.7 188.5+8.2 193.5+4.2" 196.0+8.8 187.7+8.6 187.6+5.2™

Data were shown as meantSEM (n=7). C: Control; CA: Captopril at 50 mg/kg bw; H: WECF at 100 mg/kg bw ; M: WECF at 50 mg/kg bw; L:
WECF at 10 mg/kg bw ;R: Rutin at 50 mg/kg bw :B: Betanin at 50 mg/kg bw. “represent significantly different from the day 0 at p < 0.05
analyzed by paired-t test. Values in the same column with different superscript letter @ are significantly different at p < 0.05 analyzed by
Duncan test. Systolic blood pressure=SBP / HR x AveHR, HR: heartbeat rate, AveHR: average heartbeat rate.
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Table 12. Effect of water extracts of Djulis (WECF) and its bioactive compounds on diastolic blood pressure in spontaneously hypertensive rats

Days
0 2 4 6 9 13 17 21
Groups

C 98.7+3.5 105.1+3.6 91.2+6.0 99.3+4.2 101.8+6.3° 105.6+6.8 96.3+8.9 92.6+6.4%°
CA 132.3+6.1 102.3+6.4* 93.5+4.9* 90.5+5.1* 83.8+5.6*° 88.2+6.1* 95.0+5.8* 84.5+7.5%

H 126.0+5.2 117.745.4 104.24#8.5*  104.8+4.1*  108.4+5.3*"  109.9+3.4*  110.2+3.4*  110.7+5.2*™

M 124.3+4.5 121.1+8.9 112.8+5.9 118.3+7.5 119.1+4.5° 118.3+3.8 107.9+6.3 120.1+5.0°

L 131.8+9.2 126.5+6.8 111.8+7.8 107.0+5.3 113.8+6.3° 113.8+5.4 121.1+5.6 122.0+5.8°

R 127.7+9.9 122.1+7.3 124.8+6.6 116.2+4.1 111.1+3.9° 123.2+5.8 99.5+5.2*  105.5+4.7*"

B 122.3+9.3 112.1+8.3 115.0+5.9 108.2+6.4 113.6+6.5° 120.2+8.7 120.3+10.1 114.4+6.3°

Data were shown as mean+SEM (n=7). C: Control; CA: Captopril at 50 mg/kg bw; H: WECF at 100 mg/kg bw ; M: WECF at 50 mg/kg bw; L:
WECF at 10 mg/kg bw ;R: Rutin at 50 mg/kg bw ;B: Betanin at 50 mg/kg bw. “represent significantly different from the day 0 at p < 0.05
analyzed by paired-t test. Values in the same column with different superscript letter are significantly different at p < 0.05 analyzed by Duncan
test. Diastolic blood pressure=DBP / HR x AveHR, HR: heartbeat rate, AveHR: average heartbeat rate.
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The protective effect of Djulis and its bioactive compounds against CCl4-induced liver injury

Shih-Ying Chen?, Charng-Cherng Chyau® , Chin-Chen Chu®? , Pin-Der Duh®*

®Department of Health and Nutrition, Chia Nan University of Pharmacy and Science, Tainan,
Taiwan, R.O.C. Research Institute of Biotechnology, Hungkuang University, Taichung, Taiwan,
R.O.C. “Department of Anesthesiology, Chi-Mei Medical Center, Tainan, Taiwan, R.O.C.
9Department of Recreation and Health-Care Management, Chia Nan University of Pharmacy
and Science, Tainan, Taiwan, R.O.C. °Department of Food Science and Technology, Chia Nan
University of Pharmacy and Science, Tainan, Taiwan, R.O.C.

The protective effect of water extracts of Djulis (Chemopodium formosaneum, WECF) and its
bioactive compounds, rutin, kaempherol and betanin, against carbon tetrachloride-induced liver
injuly in rats was investigated. Rutin, kaempherol, betanin and another three compounds were
identified and present in WECF using HPLC-DAD and HPLC-MS/MS analysis. Oral
administration of WECF to rats at 2.5 mg/kgbw for 28 consecutive days before a single dose of
CCl, demonstrated a significantly lowered serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels, and attenuated histopathological changes in CCl,-treated rats.
Although WECF induced CYP2E1 activity, WECF inhibited lipid peroxidation, restored
hepatic glutathione (GSH), enhanced superoxide dismutase (SOD), and reduced DNA damage
in CCl,-treated rats, which explained the antioxidant action and suppressed oxidative stress.
Rutin, kaempherol and betanin at 1.0 ug/kgbw significantly restored GSH levels and reduced
DNA damage in CCly-treated rats. In addition, betanin at 1.0 pg/kgbw increased SOD activity.
Taken together, this study is the first time to demonstrate that WECF protects rat liver from
CCL,-treated liver injury due mainly to attenuating oxidative stress. The presence of bioactive
compounds in WECF may partly be responsible for the hepatoprotection of WECF.
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(#%) Water extracts of Djulis (WECF) demonstrated a cytoprotection in t-BHP-induced
HepG2 cells. According to HPLC-DAD and HPLC-MS/MS analysis, Betanin,
Kaempferol, Rutin and another twenty compounds were present in WECF. WECF
consisting of bioactive compounds can prevent oxidative stress by enhancing the
antioxidant indices and reducing apoptosis of cells. WECF demonstrated significantly
lowered AST and ALT, and attenuated histopathological changes in CCl4-treated rats.
WECEF also attenuated oxidative stress by lowering TBARS level, restored GSH,
enhanced CAT activity, and inhibited CYP2EI activity in alcohol-treated rat liver. In
vitro, WECF, Rutin, Kaempferol and Betanin demonstrated significant inductive on
eNOS and COX-2 activities and thereby inducing NO and PGI2 production. ACE was
also inhibited. In vivo, SBP and DBP of the WECF were significantly lower than those
of the negative control. The results provide evidence that Djulis show hepatoprotective
and antihypertensive effects.
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