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: The three-year proposal entitled “Study of Djulis

(Chenopodiun formosanum) and its bioactive compounds on
adipogenesis and anti-hepatoma activity, in vitro and in
vivo” was investigated. The aim of the first year proposal
was to provide new insights into the role of the ethanolic
extracts of Djulis (Chenopodium formosanum, EECF) and its
bioactive compounds in preventing adipogenesis in 3T3-L1



adipocytes. The results showed EECF significantly inhibited
oil red O-stained material (OROSM), triglyceride levels and
glycerol-3-phosphate dehydrogenase (GPDH) activity in 3T3-
L1 adipocytes. The expression of the critical molecules
involved in lipid synthesis such as PPARy, C/EBPa and
SREBP-1c was attenuated in EECF-treated cells. According to
HPLC-DAD and HPLC-MS/MS analysis, rutin, kaempferol,
betanin and another nine compounds were present in EECF.
The suppression of lipid accumulation by rutin, kaempferol
and betanin occurred by decreasing the gene expression of
PPARy, C/EBPa and SREBP-1lc. Taken together, these
findings suggest the presence of bioactive compounds in
EECF may partly account for the anti-adipogenesis of EECF.
The second year project is to investigate the effect of
Djulis and 1ts bioactive compounds on anti-obesity and
hyperlipidemia in high-fat-fed mice. In comparison, total
cholesterol (TC), and triacylglycerol (TG) levels were
significantly higher in HFD-fed mice than in those fed with
EECF at different doses (10, 25, 50 mg/kg bw), rutin (5
mg/kg bw), betanin (5 mg/kg bw) and quercetin (5 mg/kg bw)
throughout the 12-week period, indicating alleviation of
hyperlipidemia by EECF and bioactive compounds groups.
Moreover, plasma insulin was significantly higher in HFD-
fed mice than those fed with EECF at different doses,

rutin, betanin and quercetin. In addition, results of oral
glucose tolerance test (OGIT) revealed improved glucose
tolerance and ameliorated insulin response at 60 and 90 min
in mice fed with EECF, rutin, betanin and quercetin.
Collectively, the findings suggest EECF has beneficial
effects on hyperlipidemia of obse mice induced with HFD,
which can be attributed in part to the bioactive compounds
present in Djulis.

The third year project is to investigate the effect of
Djulis and its bioactive compounds on antiproliferation
toward heptoma carcinoma HepG2 cells. The results showed
that EECF demonstrated marked antiproliferation and
cytotoxic activities toward HepG2 cells. The
antiprolifertive action i1s partly attributable to cell
cycle arrest in G0/Gl phase and apoptosis induction. The
apoptosis induced by EECF was associated with the
attenuation of mitochondria membrane potential, increased
in Bax/Bcl-2 ratio, induction of

caspase-3 activtation and cleaved PARP as well as induction
of ROS generation. For bioactive compounds present in
Djulis, including betanin, rutin, kaemferol and quercetin,
showed apoptotic effect in HepG2 cells except for not
inducing ROS generation. In vivo test, EECF (100 mg/kg bw)
and quercetin (20 and 40 mg/kg bw) inhibited tumor growth



in mice xenograft model.
Overall, EECF shows anti-adipogenesis and inhibition of
liver cancer growth, in vitro and in vivo.

# <~ M4 ¢ Djulis (Chenopodiun formosanum), betanin, rutin,
kaempferol, quercetin, anti-adipogenesis, hyperlipidemia,
heptoma carcinoma HepG2 cells, apoptosis, inhibition of
liver cancer growth
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The three-year proposal entitled “Study of Djulis (Chenopodiun formosanum)
and its bioactive compounds on adipogenesis and anti-hepatoma activity, in vitro and
in vivo” was investigated. The aim of the first year proposal was to provide new insights
into the role of the ethanolic extracts of Djulis (Chenopodium formosanum, EECF) and
its bioactive compounds in preventing adipogenesis in 3T3-L1 adipocytes. The results
showed EECF significantly inhibited oil red O-stained material (OROSM), triglyceride
levels and glycerol-3-phosphate dehydrogenase (GPDH) activity in 3T3-L1 adipocytes.
The expression of the critical molecules involved in lipid synthesis such as PPARYy,
C/EBPa and SREBP-1c was attenuated in EECF-treated cells. According to HPLC-
DAD and HPLC-MS/MS analysis, rutin, kaempferol, betanin and another nine
compounds were present in EECF. The suppression of lipid accumulation by rutin,
kaempferol and betanin occurred by decreasing the gene expression of PPARy, C/EBPa
and SREBP-1c. Taken together, these findings suggest the presence of bioactive
compounds in EECF may partly account for the anti-adipogenesis of EECF.

The second year project is to investigate the effect of Djulis and its bioactive
compounds on anti-obesity and hyperlipidemia in high-fat-fed mice. In comparison,
total cholesterol (TC), and triacylglycerol (TG) levels were significantly higher in
HFD-fed mice than in those fed with EECF at different doses (10, 25, 50 mg/kg bw),
rutin (5 mg/kg bw), betanin (5 mg/kg bw) and quercetin (5 mg/kg bw) throughout the
12-week period, indicating alleviation of hyperlipidemia by EECF and bioactive
compounds groups. Moreover, plasma insulin was significantly higher in HFD-fed
mice than those fed with EECF at different doses, rutin, betanin and quercetin. In
addition, results of oral glucose tolerance test (OGTT) revealed improved glucose
tolerance and ameliorated insulin response at 60 and 90 min in mice fed with EECF,
rutin, betanin and quercetin. Collectively, the findings suggest EECF has beneficial
effects on hyperlipidemia of obse mice induced with HFD, which can be attributed in
part to the bioactive compounds present in Djulis.

The third year project is to investigate the effect of Djulis and its bioactive
compounds on antiproliferation toward heptoma carcinoma HepG2 cells. The results
showed that EECF demonstrated marked antiproliferation and cytotoxic activities
toward HepG2 cells. The antiprolifertive action is partly attributable to cell cycle arrest
in Go/G1 phase and apoptosis induction. The apoptosis induced by EECF was associated
with the attenuation of mitochondria membrane potential, increased in Bax/Bcl-2 ratio,
induction of caspase-3 activtation and cleaved PARP as well as induction of ROS
generation. For bioactive compounds present in Djulis, including betanin, rutin,
kaemferol and quercetin, showed apoptotic effect in HepG2 cells except for not
inducing ROS generation. In vivo test, EECF (100 mg/kg bw) and quercetin (20 and 40
mg/kg bw) inhibited tumor growth in mice xenograft model.

Overall, EECF shows anti-adipogenesis and inhibition of liver cancer growth,
2



in vitro and in vivo.

Keywords: Djulis (Chenopodiun formosanum), betanin, rutin, kaempferol, quercetin, anti-
adipogenesis, hyperlipidemia, heptoma carcinoma HepG2 cells, apoptosis, inhibition of
liver cancer growth
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Foheor v A BZ R (73 05 mM 3-isobutyl-1-methylxanthine ~ 1 pM
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2 1% antibiotic ;3 > high glucose DMEM)32 % 4 % » #ff 2 [ % { 4% - 8 %
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e B ;‘% f%is > P~ 100 ul 2 96 well plate » 12 ELISA reader 3 B~ 550 nm 2.
ki o rE e FESF 5 100%4 1 o (Dirsch et al.,1998) -
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#-%e 11 10% neutral buffered formalin &= 20 4~ 4+ » 3 “f 2 iR

propylene glycol (100%) % & 3 4 4& » Mf—i propylene glycol » £ 4c » 1 ml 2 oilred
O FEALFRL S 2 K’T oil red 0 & > £ 4 » 60% propylene glycol ;g

fedimnd > Fou-Rigkirke > R 37 Cic% 1 h » ¢ ~ 1 ml 2 isopropanol %
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Befk Fode r A R 2 BT3-LL g e im e a5 & T2 P o Hin e B3 R IR AL 0 X0
PBS jrie = =t » 4v » lysisbuffer » ¥ 7kig & & 30min t& » £ 2 4°C 3. 10000 rpm
10 v Rl oF R T £ 30 FER MM ELP @Y Mims EA
rofe f ZfaH Mgz £ 2B 22 1* = faY W gl € 2 (TG assay kit, Merck)
BRI T3 492 nm Bl R B R E o gt s U7 e kR 2 2 fH b fig T
ZARBEN R FL B 2B W B2 o

(=) Glycerol-3-phosphate dehydrogenase (GPDH) & iR =_
M 2o 2. 3T3-LL #g ¥ tm % 00 R RI 4R gL T2 /] P o (AL R & > P V5 hm P2 1
PBS jrie= =t » 4e » lysisbuffer » % 7kig & & 30min & » g 2 4 C 3~ 10000
rpm10 & & > B8 mie SR & R E v fR A Bt e iRl 2 GPDH E L
%t 450 nm p] F_H 3k i@ o GPDH & fhipl @2 i Wise ¢2 Green (1979)2 = 2 it
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(~) & 2 B:& % (Western blot assay)
#-tmre 2 protein A d) > 14 SOS-PAGE #-4+ &7 Ip2 30 B A B SEH

IR B I B - M2 - B RME R D TR £ I T B
Fo BRSPS B 0 X TR B 2 pEF o R RS T

VEOE R A A s i mE FE o AT RIE S 2 £F Tripathi
% (2009) #73# :

1 39 T

running buffer @ » A ¢ & &% - B34k ¢ 40 >~ proteinmarker > 12T 5 g A
FRZHRY > HX A N RAEMRFY REAF-GLFY o TR
stacking » @ {817 kv T A2z A 4T o

2. F-v WG

P~— B gel ~ -] £ 7 % 2 nitrocellulose membrane » %7z ** transfer buffer # >
#-gel B~ %o ¥~ #F & (transfer cassette) ® » % # nitrocellulose membrane
Mg ekl & wﬁé,, « (transfer cassette ) » £ #-H x>t F 4 ¢ > i)~ Transfer
buffer » i T {5:8 17 -0 F#id o

3. LEES

5% BSA (0.1% PBST) #-i&# = ¢ nitrocellulose membrane ** % ;8 ¥ blocking 1
o g 0.1% PBST - 10 4 48 3 =t » 4 & ] 4 45 2. — 48 fr nitrocellulose
membrane ** 4°C ™ ~ J& overnight > £ 12 0.1%PBST ;% 10 # 45 3 =t » # ™1 = %3dn
&8 % % /8 v nitrocellulose membrane * & 1hr 5 > 2 0.1% PBST % 10 » 45+ 3
% o

4. Enhanced chemiluminescence(ECL) ¥ ip|

v ECL sk 1P = st > 4] * 348 TOPBIO Capture 45 4% > £ 2 Image & {7 » 47
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(1) "g%lme A F & BAL 47

*3+3% 2 Real-time PCR = /2 & {5/ W mimie 2. A FI1 R IR o #-4 14 18 2. Pg9h tm e
VUi E R R E R AR E PR (S 0 2 TRIZOL £ 249 B~ 2 RNA - & — # 5
Bif B2 RNA 3 RiE 74 F A% cDNA> » cDNA 2 & &2 # * high-
capacity cCDNA reverse transcription kits i& {7 » H F f4xF 2 512k 5 25C » &
610 » 48 > 37CF 5 120 ~ 48> 85CHF B 54 » s w ¥ 4C - v+ cDNA & {7
Real-Time PCR/SYBR Green 4% i o H ;r Ji5it 5 :95C - 10 448> & 121 95 C »
15 #522 60°C » 1 ~ 482 if 2 i€ 17 40 cycles » 17 - #- SYBR Green 4 & |3 15 2
PooriH 2 FRME > T T HIp2 AT o
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A. 12 HPLC 2 LCIMS Bl 2 5 B4 #7  B = &

HPLC ~ 454 * ¢ 4 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.] - # # 48 A : (water containing
0.1% formic acid) and #5 #- 4p B (acetonitrile containing 0.1% formic acid). > 7
# 5 0.2ml/min > ¥R > & 210-600 nm -

B. LC-MS 4 4%

2 d HPLC 2 47 — i R @ 2221 S 18— ) 1L F »2ac R 4P
RA7 &R draEsn o B B ALk i B d4p A (water containing 0.1% formic
acid) and #% # 4p B (acetonitrile containing 0.1% formic acid). > 7= :# 5 0.2
ml/min > # @] 2 4 & 210-600 nm - & * sk ig 4R 7| ¥ B B (phtotdiode array
detector, PDA) &R 2 & 210-600nm > ¥ Bix T = & v & 1% B # &k [Agilent
6420 Triple Quadrupole Mass Spectrometer equipped with Mass Hunter software
(version:B.01.04) (Agilent Technologies, Santa Clara, CA, USA)]. » & » it g §
T2 T E4+ v (electrospray ionization, ESI) #58 247 > R EBiEE: § 4
(32 % %), /2 : 9 L/min; nebulising gas: 35 psi. The drying gas temperature:
300 °C; potential: 3500 V. The fragmentor voltage: 90 V, collision voltage: 15 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. -

¥ ERERD
- T HPEFES
ATt i F RIR TR o VAT REL - kR
(CDES i sricE R
TR I T L

I @R

(=) B9 #5%

(N33 cE N A
6 it~ 56 Lzl ] & (C57BL/6 mice) LA M 7P s 4 ¢ < > £ ] & Lab
Diet 5001 # #4747 % 1 iF > FRFBBIEE 2 2 o & Bhtit 4o
A& F ] e (CK) ~ % 28 2 (HC) ~ § o (HF) ~ =% &8 2 (LCF) ~ =%
¢ E 2 (MCF) > =% 3 &€ 2(HCF)2 =% # jF1+2 4 rutin 2 (R) ~ betanin
2(B)~quercetin 2(Q) > x 9% F 26 & rdlez x 2HERIITHed
44 (Research Diet D12450J) » f ¥ 2 H A6 B 2 wiE X 3 %% 3 £
¥ # 4~ 4L (Research Diet D12492) » & % 8 ik (s » F 2k & b 972 chf| £
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(=% & & 10mg/kgbw~ = % ¢ &£ 25 mg/kgbw~ ‘= %7 % # & 50 mg/kg bw-

rutin 5 mg/kg bw ~ betanin 5 mg/kg bw ~ quercetin 5 mg/kg bw) > % > & & &> &
2 A PR FHE RS T EAADS &R 4

2. BHALS
Fok s E 84X P kiEA? #77 CH7TBL/6mice ¥ & W4 &3 72 w4 5 >
BB 4 i R 19-23C > 4R & 40-60% - R 12 ) prbavmy » & X /,]“

Al B e E - S ARRDPF I RS B FHR AL * CO2
% 4, C57BL/6 mice» S T Bk o > T P& £ 5 #5953k (periepididymal
fat pad) ~ %5~ THKZE TORY Bfa s 0 WA TR 8 BORGHRGTE L kb
R %J%"’% EBEF R R oAk RFEH AN ST L e
FamF A AT
(1) #+#1%& (control diet, CK) :
i”“’# BRER I e &5 (research diet D12450J)+dd H20 -
(2) %=2x&ELx
(high dosage of EECF with control diet HC) :
T AR R ad o8 (research diet D12450J) + = % % # £
(HCF 50 mg/kg bw) -
(3) ¢ # = (high-fat diet, HF) :
BX 3 %3 £ E #5445 (research diet D12492) +dd H20 -
(4) =FmHHEr
(low dosage of EECF, LCF) :
£ high- fatdlet D12492+ = % <& & (LCF 10 mg/kg bw) -
(5) =% HE e
(medium dosage of EECF, MCF) :
£ =% high-fat diet D12492+ = % ¢ #| & (MCF 25 mg/kg bw) -
6) =%FFHE e
(high dosage of EECF, HCF) :
% high-fat diet D12492 + = % % &£ (HCF 50 mg/kg bw) -
(7) Rutin & (R):
£ % high-fat diet D12492 +-rutin (5 mg/kg bw) -
(8) Betanin e (B):
£ % high-fat diet D12492 + betanin (5 mg/kg bw) -
(9) Quercetin = (Q):
£ % high-fat diet D12492 +- quercetin (5 mg/kg bw) -

3. R
(1) H7 o 2

ABSELESH A 3

% T ARFERI R T ki p 2 REETE > Tt % AT E 8 4117 (food

efficiency) » 3+ 5 2 ;84T
Gl & =R EH rié‘_(g) 1 &4 35~ £ (g) ] x 100%

B #HE
WELF PR RDEL i FIRRPFFET S EHPEHE (AT
8



WE PR SERER 0 2 BT ERE) L TRBRE N
WL (weightchange) = R A f € - Acdtl &

C Hrom%F

o Rt > Bl RN 2 B R HT TR Bl o MR EE
I s 2B N N e

W s g = 47 (9) /4 £(0) ] x 100%

Ao AR (9)= BRI () + TR B9 7(0)

(2) & F2 2 4HP

A iR B s

(A) v FRE a2 2% (OGTT ; Oral glucose tolerance test)

OGTT &_- fatk I fphiife > 342 - » § % &3 & Research Diet D12492
B8 (s AR BERSE R T A RN AT E T RS 5 il
B REI RS 22 JEARFRLREERP AP E T RERFE LS 5670
2 84 % #3512 [ BFET Hr i 'J’“”il%#m HEVAR i T S
(1.5g/kg) = V& Fb 5 54 R0 Ll Biean30-60~90 ~48 0 & ¥ 3
LR B E R .

(B) = g&4 @ *y (triglyceride ; TG)

Bl F? Z i gk R > TS 2MT P B ¥ 2 % ikdy o % Sentinel 2
Triglycerides Liquid &4 » >t £ 548nm = » jpl gk B 4 £ 2 R E R R 4 §
i 7t E RETGER -

(C) 2brgit253prg 5@k (non-esterified fatty acid ; NEFA)

F1* FFA 1 Enzymatic Kits B Z_2_ o 4 o 18 #7J& et :’rf: »B~ 5 ul &2 Color reagent
Alml >t 37°C F J& 10 ~ 4875 » 4 » ColorreagentB2ml> £ > 37°C» & 10 ~ 45>
fir Ak ARHE 550nm £ TR H Rk E R N R HFFA FE -

(D) %" % g% (total Cholesterol ; TC)

Rl Y WEFRRRR RS H¥TR g B ¥ 2 57 kg o i@ ¥ Denka Seiken 2
T-CHO 2% » *t L& 604nm ™ > Pl T L EH v & H R R M 4 & 4p 1 3
B RETCER o

(E) # % &% 3v "7 (high density lipoprotein cholesterol ; HDL-C)

BlEw F° B R AMIP ERAMBER > WG XL RV 2L R R
Denka Seiken 2. HDL-EX(N) ] » L 4v » jwk A ¢ Chylomicrons

RS R 30 PEFIRE (VLDL)Z MR R fn b9 PEFAE (LDL) ok 0 £ 4
T Bk R o Ao M RIGEA 0 YR 604 nm T R Rk B 4 B 2R

9



BB APy 0 31 E 48 HDL-C LR -

(F) =% &% v "2 FF (low density lipoprotein cholesterol ; LDL-C)

Bl Y MR R Ry Y PEEIRRRR 0 s HIWTR g R W 2 S kg o fI¥ BER

E% 200 3 RIT2 BRI PrE 2 8 jde > i LR - LDL ik 0 1T R

2 fo #-H A B E iR 3 b~ R PR AR 2 3# 4] Denka Seiken 2. LDL-EX(N)
WA Ak £ 500Nnm TRl H e sk E o gt B 18 0 £ R PR T AR ,_E_;}px,%_ ot e
fe i » ¥ ¥ LDL-C ek & o

(G) % § % (insulin)

Bl F P h FRAR O G IR AR Y L 54 kg o 5% Mercodia i
Mercodia Mouse Insulin ELISA ##&]:& {7 4 47 o B~ 10 ul #& &2 & 100 pl 7 enzyme
conjugate 1 x ;3 7% » ** 3§ (18-257C) ttr 5% & F % (700-900 rpm) & F & -] pF -
F R 8 0 F 4o~ 350 pl e i e 0 B OUSOR AR B S AR R M BRE AR
7 = o 4v » 200 pl = Substrate TMB ** % /8 T (18-25 C)F J& 15 & 48 0 £ 4 > 50
wlen# bR R BT T fiéssaiwF iRk 030 4480 2L & 450nm T > /?J Tk ok
B S Aprt o 3 E K7 Insulin )k & o

(H) %s# (leptin)

@ * ELISA e 24P > & * % & (Diagnostic Systems Laboratories, Inc,Texas
USA) kit »t+ Well @ 4e» 25 uL 2w 5 % % & » 4e » 50 UL A 47 % e
(assay buffer ) /8 # 2z 2 /] P& > 12 % fbm o+ & £ 40~ 100 pLantibody-enzyme
conjugate solution *t 3§ ¥ 3 2] FFo FR {8 £ 25 e o e T 4 TMB chromogen
solution 100 puL » /8 ¥ *x ¥ 15 & 45 > 4c » stopsolution 100 uL # 1+ F & » 3t
£450nm s Rk B F Ak R o B2 EER o

(1) #& & mp@ s (aspartate aminotransferase, AST)

B T /F ¢ AST B s H%79Fx 0 2 3 U FL’?/\ *F ,;;;}7? £ * Human
Aspartate Aminotransferase (EC 2.6.1.1) & » » & & 340 nm P =2 sk 5 >
’ «"j\lf’ AST /\’-’"H-— °

(J) % mephsg %% (alanine aminotransferase, ALT)

BT Y ALT 7B o R G 28792 0 2 38 )2 53 kR o 5% Human 2
Alanine Aminotransferase (EC 2.6.1.2) #&| » > & 340 nm Jp] 2% 6 (B 5 0 &
F oo LB ALT B -

Q) g B
BROHIL Y B ik R )];Je R REFRRELE  E) Ral R
10



2O (Lx lem) o 752 10%48 5 ik > Rl e B R E s Bk P RiTKE
557*7' 5 12 Hematoxylin-Eosin (H&E)zL $ oA F R BB T LR E BRI 2
2N L N TR AR R P R ) PR A T L AR R mre ) 502 )
1%{?~ﬂ% FRFF b P RpD %HMQRMLFg,Uﬁ4H75Lﬁ¢£O

by

(4) s34 47

% 37 By 1 S A 47k Si(Statistical Analysis System SAS 1988) st & %Kik
foi8 (7 52t e B s 49 (ANOVA) » # 12 Duncan’s £ ;2 (Multiple range test)
Fit S Fend B o

ZEREG
- e Es
AR R R KR T TR o AT R L - BB o X SR w2 R HepG2

cells (BCRC60025)p-p #77 8 &1 £ ¥ B~ 7 hﬁ.i*ﬂ?/& P TR o
C)eXFWRBRIFFLUR
BE - &P 200 o

(= ) 3 5%

1. e 3 BE%

fm e g RSk I MTT 2 R 0 #-HepG2 cells 2 2 x10%/mIz: 4509634 4 » 032 & 44

¢ R24 ) FEiS %”fg%'rhtﬁ%ﬁk R e r02mlz 2 RERKSZERA R
» 3 %37 C 5%CO2™ & B72hr> & F RS 1 185 40 250l 0.1%2. 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)**3: % 45 ¢ ~ &1l hr >

=3 ﬁé b ik > 4e 100 pl DMSO » 2 ELISA reader (Molecular Devices, VMax) ]

550 nm™ z_ Gk iE o

2. % % & ¥ 2 @l % (lactic dehydrogenase, LDH)

LDH w3 /A% 2=k meed B2 fqih > 28 - ww @ FREL 22 0
"2 4 14 (%) ¢ * BioVision 2. LDH-Cytotoxicity Colorimetric Assay Kit Il % & 47 -

#-HepG2cells r2 5x 10%/ml #4824 3445 » 32 % 24 | pFis - K,lrt =

£ 4ex1ml 7 7 F k& 2 EECF (50, 250, 500 ug/ml) % betanin-~rutin~kaempferol~

quercetin (10,100,200 uM)z_ 32 & 2k > B » 8 %4 37C>5%CO2 ™ » & 72 /) p= >

FE BRSSP0 10 pl #2 ¢t im Pz 12 & % (extracellular fluid) = 96 well plate 4«
> 100 pl F ORREAT 2R T e F R 30 4 4518 0 12 ELISA reader 3 B~ 450 nm #h
w5k B o B {8 11 Cytotoxicity(%) 4 o o 3EE o V4T

(Test Sample-Low Control)

_ X 100
(High Control-Low Control)

Cytotoxicity (%) =

3. e piEH§ (reactive oxygen species, ROS) 4 7

11



H k12 2 DCFH-DA(2’,7’- dichlorodiliydrofluorescein diacetate)i: p o ¥ if if ‘m?2
W % 3 fig f#fi* (esterase) it * = DCFH » @ DCFHi& - # % ¥ %2 p H 0% 1+ =
DCF(dichlorofluorescein) » 12 # & & #450-490 nmgcs > £515-550 nm™ ¢ 3 & !
F o FFu AR e h HO22 7 R o RIS 2 ff e o -HepG2 cells 20x10%
MLEMBI6 E R X /P BA24 ) L # ",45 B g Ao rImlz 7 F
J& B 2. EECF (50,250, 500 pg/ml ) % betanin ~ rutin ~ kaempferol ~ quercetin (10,100,
200uM)z B R A B » 18 & $#837C 5% CO2™ £ 24 hris » £ e » 50 uM DCFH-
DA % »3 % 437C 5% CO2™ & B30min > &FFr BEFER®T ﬁ%“ﬁ:‘_;&%%% )
"1 PBS# ik ik fm P2 250 18 0 4e »~ 100 pl Trypsin-EDTA® * 2~34 4 » 4¢ » 500
ulis % A& ¢ {eTrypsin-EDTAF Jig » #-fw% % 4% 3 e & 4o § p 1210000 rpm > 10
VA L SRS £ A% o 4e ~ 100 pLPBS i i % 0 1210000 rpm o 54 48 3
3 K,/Tt 7§23 & A £ 4~ 100 uL PBS# b7 -lm e 3747 > #2963 245 ¢
v kA Sk ik (BioTek FLx-800) i {7 % k353 & &~ #7 (Ex wavelength : 485 nm >
Em wavelength : 528 nm) -

4. DAPI % ¢ 245

#-HepG2cells 2 5x10%/ ml 4548 24 3445 » *t 1 & § ¢ 1 % 24 | phis > # ‘%
gt A& s o 4o ImL 7 3 kA 2 EECF (50,250,500 ug/ml)% betanin ~ rutin ~
kaempferol ~ quercetin (10,100,200 uM)z_ 32 % 2 > 8 » 3 2§ 37C 5% CO> ™
IR T2 [P FE RFER® S 'ﬁi% %% vz 12 PBS 'J,%;‘;trﬂi = s 4ex 05
ml 4% paraformaldehyde ¥ _w® > # % 30 4 4&{¢ > = I} paraformaldehyde # 12
PBS £ fijj% 2= » 4 » 0.5ml 0.1% Triton X-100 » @ 1£%* 1-2 & & ¢ 'we
Wi 3% 0 4o x 0.5 ml lug/ml DAPI 4 # @k &k g 5 4~ 48 0 2 K,érti-’].bé?lj v 4e o~ 0.5 ml
PBS sd# fme 3| i » § kB A 400 B2 mve (A 0 R TR e (T L

[T

5. Wk L4

#-HepG2 cells 12 100x10% ml 346+ 6ecmdish » *t3s % §4 7 324 24 ] {5 > #
% AL L4~ 4ml 33 k& 2 EECF (50,250, 500 pg/ml )% betanin ~
rutin ~ kaempferol ~ quercetin (10,100, 200 uM)z_ 32 & & » ¥ » 2 % 45 37C » 5%
COr T F 72| P FF RS 5 #rhndh UPBSFR2KM
» 200 pl Trypsin-EDTA & #* 2~3 & 45*7 % sm¥z > 4r » 800 pl medium # - Trypsin-
EDTA F Jis > £ #-im?e e MK 1 3w F 0 2 47C > 1000 rpm > 5 & dh s > 2 0f
F A o e~ 500 pL PBS # e ik 0 12 1000 rpm 0 5 A g £ 5 A T 25
%4 > 40~ 300l PBS i » 304 700l 4°C 2. 95 %iFp - 1 - AT - B R 4
N2 BN Rme sy R AT Y A ATV 20T P B IR 0 2 Pl ZAE
Fad o X > 12 4°C > 1500rpm o 5 4 454 ",’TT FPE 0 4e o 800 ul PBS 3 H
# 4e o~ 100 pl 22 50 pg/ml RNase A ;R £353 » 2 37CTF B2 | BF{s > 4
100 pl 2. 100 ug/ml propidium iodide(Pl) » /& 3 > 8 jak B 5~10 & 45 > & {8 1L

12



AN EERE WA L

6. AnnexinV & 3%

#-HepG2cells 2 50x10%Y/ ml 3483 63t 45 - *t i £ ¢ 1 % 24 [ pFis > # “f =
gt A AL 4o r Iml 2 7 Bk A 2 EECF (50,250,500 ug/ml) % betanin~rutin~
kaempferol ~ quercetin (10,100, 200 uM)z_ 2 & & > & » 2 % 45 37C » 5% CO, ~
FRRT2 [P FF BER® (5 %%“,*Ti%%f;g » 1 PBS ik 2 & f8 0 4e » 200
ul Trypsin-EDTA i® % 2~3 & 45*7 K,ért dn®z > 4e » 800 pl medium ¢ 4 Trypsin-EDTA
Fls £ #pmEIgpsgp s 4C 1000 rpm -5 ~4adgs 2 ",fi Kk o A
» 500 uL PBS  tiei% 5% > 12 1000 rpm > 5 4 4@ g 4 K,%%E F2REA 4o
500 pl Annexin-V binding buffer 2 & = & 353 > & %4 » 5pul Annexin-V-FITC fr
Plenig #) » iR 3 » 8 Ak i 5~10 A 4 > B8 MmN ime RiB 7 4 47 o

7. ilff'_”ljliﬂ W B2 A

BRI FF I A FNITLE AL E RGN I o FRIRT A
WAL A2 A2 080 Wi A 0T B4 FRAMUE G PR AP
AlgF A+ AFErPRYWP  ERTEALEF A2 - LT 2 S F LA
AP AMP > FFFRRRNWA TR EROPECARH o Rl L F P2 %
v TR S B E o PR R AT ,ina;ng i 4 * Caymanz JC-1
Mitochondrial Membrane Potential Assay Kit:& {7 4 47 ©

#-HepG2 cellsr220x10Y mLiEfE>63 4 » e & fa 7 B 224 BFiS - # “,f ¥
BE A L4 r1mLz # F kA2 EECF (50, 250, 500 pg/ml) % betanin ~ rutin
kaempferol ~ quercetin (10,100,200 uM)z_ 32 % & » % » 2 % $337C » 5% CO,~ &
24| P FF PER ST 184 210l JC-1kitiR 63553 16> 8 » BB R #37C>
5% CO.™ F B304 4815 » #32 % A # “/f » 1UPBS % e iF- ikl ¥e 221 {5 4 ~ 100
uL Trypsin-EDTA1® # 2~3/4 45 > 4v » 500 uL3z & & # {eTrypsin-EDTAE & » #-iw
e A I e 3o g 1210000 rpm 0 104 g A 0 2 ‘,%j A % > 4c »~ 100 uLPBS
% Weife % > 1210000 rpm > 54 & 4 2 % G2 % A HF 4 ~100uLz PBS
BB RIS 0 B 1963V 2 AP > ¥ k4 Sk ik (BioTek FLx-800) it {7
¥ k3% B 4~ 47 (Ex wavelength : 530 nm > Em wavelength : 590 nm) -

8. caspase-3 iE iR

#-HepG2 cells 2 20x10/mI & 5634 45 » 35 %24 PF {5 - # % [T O G R
~2mL3z # F k& 2 EECF (50, 250, 500 pg/ml)% betanin ~ rutin ~ kaempferol -
quercetin (10,100,200 uM)z_ 35 % 2 > & » 2 % 45 37°C 5% CO2 = & &32hris »
FOR¥ T deap & Ak 0 1IPBSE Rk ik nse 250 {5+ 4 » 100 pb Trypsin-
EDTAi®* 2~34 48 > 4r »500 uL3z % & ¢ fcTrypsin-EDTAF i » #-fm %8 e 4% 3 fik
245§ P 1110000 rpm > 104 43 > 4%+ A% 0 o~ 100 L PBS# i i
#» 1210000 rpm > 54 48 d< 2 FART LR % # » & * BioVisionz caspase-3/CPP32
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Colorimetric Assay Kit % & 47 o 4v » 50 uL lysis buffer » % 7k;# ¥ &10 min{s > £
1 4°C > 10000 rpm > 14 48 > B~ 18t e 325 % & 2§ 39 B kA& > P50 uL 7 50-200
Hg3-v 2 fmPe %450 ul” &% » »237°C F &1-2hr» ¥ >+405 nmip] T_H caspase-
3 kiE -

9. @ L BZ
Bax, Bcl-2 » PARP 3-v # R d & S BEZ P E 2 0 A7 B o ATt o

10. 2 $ B e & 4R 2
R A S R L

11. #r4 (%% in vivo iP5

(1) B R 2 EH

sl R TR - ixipf‘l‘mﬁ?#’"% CFHUE £ A EHAN 2 B S ARAL
PP BErH A D P2 43# BALB/C (nu/nu) AR B H g - B
W, i 8 A5 L UARUEF A TN NEFEAEBSE
FralEastd @G wok > ¥ oob 7 g g Ak B B s 0.0ml (1x107 cell/ml) ¢
HepG2 7 fm¥e > )’é el ?fﬂax P RILHCS o Ao TR

A. Control (C)> Astm A2 R H k> FaAFIZIR K-

Negative control (NC) > stz im¥e » § kA A2 RaH Ko

Low dosage of quercetin (LQ) » /i %t ‘m®e » & 4k quercetin (5 mg/kg bw) -
Medium dosage of quercetin (MQ) » /i &% ‘m¥e » ¢ 4 quercetin (20 mg/kg
bw) o

High dosage of quercetin (HQ ) /3 &4 7% 8 ‘0 %z » ¥ 4& quercetin (40 mg/kg bw) -
Low dosage of EECF (LCF) » /3 ¢% % s » ¥ 4 EECF (25mg/kg bw) -
Medium dosage of EECF (MCF ) » /3 44 % % 'n %2 » ¢ 4k EECF (50mg/kg bw)
High dosage of EECF (HCF) » /2 8476 % ' > ¥ 4 EECF(100mg/kg bw) -
F2PEFEREPIEERE ] > TP EAMH S 21X BPLFEER
EEZEP ﬁgﬁ%

OO w

L@ Tom

Q #HRHAXFEHE 2

A # &% EE

€ * 4 % & BALB/c (nunu) B » &% R AE T §F K3 TR FER
£ 0 FIE MR 2242°C % f iR 60% AR 5 5 A R B iR AL g 4 r K
FhdES - FHRAIL Y ?ﬂ_}ii:nzﬁ{c’vixi?ﬁﬁc‘.uév,fnﬁ%? ) s
gt 2 P P 1T o

B. in% RIS B AIEHH
* P HepG2 wah "Bgfadhin® » £ 44m% & * trypsin-EDTA AL s » 3+
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Beinve o1x10°% £ R Iml & s %k & metrigel #&) > g FR A RS
metrigel 2 & 11 11 84 R fo > b P2 d {8 Bz 3o rkip % 5 20w 4Tt 0.1ml
(e il & 1x107> AR FEAT O TP mﬁr@f”’»vé#’”?f&

C. iEMHREEL L FPE

MPEE R P R OR BB R R T A~ T 250 F (BB A Tumor Volume
(mm3®) =length (mm) x width? (mm?) /2 o & D R8F s > F » 2T 250,28
IEBAA L £ (%)

Test group Tumor Volume )

Tumor volume growth (%) = ( x 100

Negative Control group Tumor Volume

D. EHHFEEL LR
HAR B * COp % mt)};;;ﬁ B BB TG BB T S 0 A RS Ak
o R RIRAMA P MEATRREALE o

Test group Tumor weight )

Tumor weight growth (%) = ( x 100

Negative Control group Tumor weight

E. stads
*~F B ¢ * Statistical Analysis System SPSS 12.0 » i& {7 5zt 2 47 » % & & #k
Median Test #& 2_> % P-value<005p% > 277 2 5 g ¥4 R o

Z~B% 8w

F-E2R¥aH

Bl - ;% EECF #f 3T3-L1 = P %5 fmPe 82 4 L {5 2_"g 8k tmPe k i 24 | PEdtimee 4 13
M2 B o % kT 7 kA EECF(10-500 pg/ml )% 3T3-L1 % % 35 im e 2_ 35 /&
o 1i 100 %2 + (Bl—- A) > &7 7 I )k & EECF % 3T3-L1 % "5 %5 /w2 4 3344
E R o d 3t EECF % 3T3-L1 # *psimie 3447 B8 S v ie- AR %
@ $F 3 EECF $t 4 it (57 vptmie 2§28 - @ 3 F Jk & EECF(10-500 pg/ml)$f4 1
fgrgipimie f 3 R G lwie B2 B H GRSy v i 100%2 (B~ B)od R
— B 7 10-500 pg/ml EECF ¥t g 3sfmoe & & (L {32 g hhimie ¥ 3 B e 4 |4 »
F] > A AT 5 12 10-500 pg/ml 2. EECF 44 40T 2. 385 o

;J

Bl- 2 EECF A t s rginimiz 2 g a2 L8 Fl- ABRl- BLF T2
| P4 OROSM 2 F258 - 2% 877 7 I kB EECF 4 it (870 % m e 8 4575
Fraglld s Bdrdlo kSR R B 4o g W 4ok o BEop EECF acdrd] 4 i 15 5 s m
feicd o Bl- C L EECF A M isigpmie F R T2 | FHRH-ZEH b7 22/
FodEHT 2R ERZ EECF A it w5 drd| = o g W fiq 2 £
2.4 Nanfy o Hprdlrah i EECF ER 2 4@ 7 M 4v48% - Bl= D 5 EECF
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4 (s s imie Bl 72 - PE% GPDH 2 #2588 %2 % k7 # )k B 2. EECF %
A v ts Ry sz B drd] GPDH 2 2l 0 H Pk S EECF JE & 2 3
de G B 4cAB% o

W= 7% EECF%A\ L isrgipimie A F A2 B B-B= AL F & 18] P PPARY
2o 5 A PER 2 EECF A it {8 59 mr2 & 5 3r4] PPARy 2. (8% o
PPAR FAE R ARSI 0 B 7% ¢ 4 PPAR PPARB_EE PPARS = #g » H
¢ PPARy CR R PR RTINS 3 AN TN LR TN G T TN F- 2 Stk
(Kerstenetal.,2000) - & Bl= B @ = C » 4| 2 EECF szn\ fLis g imie F O 12

/| ¥ ¥+ C/[EBPa ¥2 SREP-1c 2 #2538 > % % & 7+ 500 ug/ml EECF 3 #r+| C/EBPa &
SREP-1c # %]2_ %3 - Bl= D 7~ ?’Ff‘x‘ 3 EECF #c #r#] PPARy 3¢ 2. % I o d [
ZHEHTHAFARZIHET R F B 2 P iR R G FrdF oy o

d Bz 27 & - &1 EECF % HPLC-MS total ion ¥ HPLC-DAD chromatograms 4
e R Bt 208 Ao ET ST 10485 & Ao s B P 4 2 5 5 (betanin) -
= % # (rutin) ~ L 2 A5 (kaempferol) = 2 fepidl » ¥ 5 % =4 amaranthine ~ flavonol
glycoside 7 camellianoside o o 2 *U3r 2 A BT 2 5 o AESH L R IFH B R E
B4+ 2 # & 4 rutin ~ kaempferol ~ betanin % 5 &4 1 o

BT 5 EECF 2 = fa/E 1= & 4 3T3-L1 %0 Pg 3k lm e &2 4 (L {5 2 P ¥plmie ki 72
P e 4 2 e Z A 'H & A (10-100 uM) %+ 3T3-L1 w0 #; %5 ‘o %2 (B T

A)gz o v g2 igsnimie (BT B)# 7 & med o

"= éiﬁ"‘lr}q\l/}*’.—}/}xL*‘”qﬂﬁ ST ETERIE 75 - B N /AN

ﬁ OROSM z_ HY Bl AL s b 4 ts 2§ o Bl» B 2% OROSM
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d % - & 2 F AR F e (EECR)Z & & /,Hfr %8 5+ » EECF & HPLC-MS
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R e (CK)Z % 24| £ (HC)4p v o B ?@h,‘“%“ Rk R Nl
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WHEE2 HF 24p0t & 8 F "5 > (2 &P %7y ’9731{‘_1%_2, 3 HF 20 F opr 2 0p) 3R
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ERN R FE AR
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Ffnit Ap B F]F o @ = e da (TC)~B A9 (HDL-C) 2 A pfgit *qikpk
(NEFA) ¥ i F gt H 5 pq}FrIL‘ Eop e }]’g‘i % = &»Fl—rfﬁgarg g e (HF &) | Ra
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SR LR R T ARR GRER oA B A S B 7o 4k 8 e (HF) & # e 2 (CK)Z % >

FHEMHC)Ip - v algF AR e Hrhiesr AL reipts algF LR
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WG E AR Tk o d REN LG Plete ok N h R SR S
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TALE o I B b G BRSO Y o D G F
BN %3 0 WM EAREH 4 T Prd] 95 o HF 227 CK 22 HC ipvt v &
TR AP EFERMEZ I B F AR T 2 LB mapt o i
JtEE RS E LS R AERFLR (L)

I ~ v JRF F % 25 (Oral glucose tolerance test ; OGTT)

OGTT ¥ % b jp? s FEALFTEF > L 27 iF3 £ F B msipik-
B4 2587 HF 2otk & § 545y 30 A4 wp® L BEP 3 CK
Bt HC %5 sk 8§ 4 h% 60 A 4apF > 2 F L~ ¢~ 3 AR 2 orutin
betanin % quercetin s % HF jedg ¥4 (£ 7)) 3+ 5 9 29 5% ] &4 0-90
AR s R fFER CHF 2P R FNCK 22 HC 2 a e H i a o d
SRR A At S 0 B F MO HF (R ) o

=~ B et (Homeostasis model assessment; HOMA)

Homeostasis model assessment (HOMA ) & Pl % & & Fe it &R 5@ # s
e I RAKRET ATRBIZ I BER 2% G FRA > d A3 E o HOMA-
IR (HOMA-IR=7% *f 5 # & (mmol/L)x % § % ik & (MU/L)/22.5) » ¥ 12 F pt 21 ik 4
DR RAGRIRT e § FILdU o SR G R IRFUEAR R o e BB B € AR o
Blt- S5k r @ CKepy "HF 2P 85 8% 5 R4l % & HF 248
Lo F M s P s AE Z HE A 4 rutin ~ betanin 2 quercetin %7 HOMA-
IR> ¥ A F M HF e Bpn e R AR w2 HE 20 gy 5 20" iM% § 3

18

-


https://zh.wikipedia.org/wiki/%E8%9B%8B%E7%99%BD%E8%B3%AA
https://zh.wikipedia.org/wiki/%E8%9B%8B%E7%99%BD%E8%B3%AA
https://zh.wikipedia.org/wiki/%E8%83%B0%E8%87%9F
https://zh.wikipedia.org/wiki/%E8%83%B0%E5%B3%B6
https://zh.wikipedia.org/wiki/%E4%BB%A3%E8%AC%9D
https://zh.wikipedia.org/wiki/%E8%A1%80%E7%B3%96

Jb RS CF R H A A G e R SR T T LT o R Y 0
PHERFSREEE S PR MB LR 0 B R F R R T AHEA

‘P‘"Fl]( PV R MBI AT OVLE A RE S E MR e PPR%T%;}#
TRgL G 2 ML G IRt P BB E R TE 2B 4 G ML

Sz ERFRER

AERFY M RIS R F B4 2 2 &8 rutin ~ quercetin ~ betanin ~ kaempferol
5 Ry -

- ¥R e 4 R d B2 B
B+ - 57 EECF ¥ HepG2 wm® 4 F 42 $58 - 2% kot 50-500 pg/ml kA& 2
EECF & HepG2 £33 % 72 /| pryf# 4 5425 Frdli > ¥ 2 #‘P%F'J'H FEREHE
M e d $ 7 4o EECF $15 e HepG2 2. 4 11§ ¥ 2 4r I & » 5 P
EECF 4 HepG2 ‘m* & 4 # {4 #4 2 LDH % ¢l 'LEECF ¥ HepG2 2 & 12.1F
g0@4igak%&LEﬂmﬁFMﬁ2@%ﬁ?7ZH%~ EROY L ]
7 50-500 pug/ml 2. EECF 4 LDH % d1% # 2. GiBE ¥ % %% v & - 357 EECF
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- ~2ROS 4 =22 B
¢ hr§ (LR :u'__}zmsjg L3 B FIW R EECF £.F 5 # 3 3 R4 e i
HepG2 # % 3 8248 - Bl = % EECF £ HepG2 ‘¢ £ 32 % 24 -| P4+ ROS # &
TN P\?/%&L EECF £ 4 3% HepG2 fme h § (L B4 2. 4 & o (RAF 4 »
EECF $ Hep G2 2 i 1287 4 M2 ¥ il 22 H 355 ROS & 2 § {3 Mol

-~ Htmre - 2 B

HepGZ \]7”!? 36hr lé i“ Wé ’% :,E!F "%;,fg_g o Q:F[:]- 500 Mg/ml EECF \]’Jpé—’i _E %\E_‘%‘/%?
3 GolGullp » M ERMEFA L F 2K

Fo= AR LN L7 kR EECF ¥ HepG2 2z &= 35 » 4 2% &1 500
ng/ml EECF $fimse /b= v/ % 8 k= % 4 o gt % % 2§ EECF # HepG2 4 i 1
F AP d AR B o

Bl 7 2 DAPI = ;% &7 7 o %2 EECF & HepG2 fm% it % 72 | B2 5 /= 3
%o 20 BT e LR fiy wre &f EECF (%% {2 R &F 7 s (condensed) &2
s (fragmented nuclel) . 3 + 4 9.7 B¢ # 579545 2y 47 e i £ 4
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B
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EECF & 5 £ "2 b PARP A f% > * % % 22 EECF /% i caspase-3 7 B Fl+ > i&m
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d ity % v BEECE & #rdPFpimie o R B AT HH g 2 FEg s
FH O AFLIREEFRAIZFITRFLELF TS S B S S g
20 fE s o BA R EE S FiF FEELEFR Y ERTH T 2L 0 5 H
PO R EEH 2 RED FE G E2ZFF 0 FPL R EL XA HE AL o R
- +& 4 N EECF & HPLC-MS total ion 2 HPLC-DAD chromatograms ARG
fer T NI~ A o SFETIF 11HAL ¢ =t oo 7 # % 3 (betanin) ~
=4 H(rutin) ~ & £ % (quercetin) - Jywﬁ»(kaempferol)l ﬁﬁj ﬁ%%ﬁ R LSRN
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= ~EECF iEia o i imie 4 £ 213 22 @8

Bl= - - % betanin ~ rutin ~ kaempferol ~ quercetin ¥ HepG2 ‘m*e # 542 §2 458 -
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%72 J PRt H 4 g drglito 2 HFrdlid s R ARG HE M hed ¥ 2 EECF
M= & 2_ betanin ~ rutin ~ kaempferol ~ quercetin ¥ 7+ w %% HepG2 z_ 4 %
% % 2l G o

v"'

Bl- -+ = 5 7% k&2 betanin ~ rutin ~ kaempferol ~ quercetin ¥2 HepG2 ‘m %z i® *

2/ PEZF B % o 2% &t 50-200 uM 2z betanin -~ rutin ~ kaempferol ~ quercetin
¥} LDH B dire b2 W GlEBgF 5305 0 % o ko EECF #73 ;p 4= & Z_ betanin »
rutin > kaempferol - quercetin & 3 # B30 m e HepG2 2 ic #
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¢ ari VRS e 4k 258 T 4533 betanin o rutin > kaempferol - quercetin
LE 355 RS %L;%-m ﬁ HepG2 # T’;*ﬁ ?2%’1’5 o Bl= + = % betanin ~ rutin -
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= % % 26.5%,27.8%, 93.5%,93.1% - ¥ *t » F Jk & betanin ~ rutin ~ kaempferol ~
quercetin ¥+ HepG2 2_ 35+ % & B2 581 o pt 2 % 2e7 betanin ~ rutin ~ kaempferol -
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HepG2 Mz it % 72 /| A A~ % o 70 elgrimie 3 > 0§ iz
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dRY RET L e Bn e RS 0 2 RIRAIEF M -

Bl= - 7 %+ 7 &£ betanin ~ rutin ~ kaempferol ~ quercetin %% HepG2 #z p %2
T 2o B2 B¢ rutin ~ kaempferol ~ quercetin ¥ 3£ f2 p oR =T " > @ betanin
FraE Ty o bt % % B om rutin - kaempferol - quercetin it 3% % HepG2 2 p 3% =

A

Fo 0T REAE e B LR
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P caspase-3 EMIL G o B @ HARe A o

Bl- - ~ 2 % kA& betanin-rutin ~ kaempferol ~ quercetin 3% % HepG2 *¢ 0 PARP

A fafe i - o 7 k& 2 betanin ~ rutin ~ kaempferol ~ quercetin £ § 3% 3¢ 2 p
PARP %] % » pt % % &7 H 75 it caspase-3 § M Wi+ » &7 4 2 PARP o
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EECF ¥ quercetin 8% in vivo #5%
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1 M4 v invivo #5845 31 EECF 2. :}m’”‘”ﬁ e e Foek o d At in vitro 3%
E«g—r quercetin flwre FHFF ~ e k- ~ B R T =T % ~ Bax/Bel-2 5 -
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Figure 1. Effect of ethanolic extracts of Djulis (EECF) on cell proliferation in 3T3-L1
pre-adipocytes (A) and 3T3-L1 adipocytes (B). The cells were treated with EECF for
24 and 72 h for pre-adipocytes and 3T3-L1 adipocytes, respectively.
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Figure 2. Effect of ethanol extracts of Djulis (EECF) on adipogenesis. (A) The
microscopic images of Oil red O-staining of EECF-treated 3T3-L1 cells. (B) Oil red O
staining of EECF-treated 3T3-L1 cells. 3T3-L1 cells were incubated with 10-500 pg/ml
of EECF for 72 h at 37 °C in 5 % COzincubator. (C) EECF-mediated suppression of
intracellular triglyceride levels of 3T3-L1 cells. 3T3-L1 cells were incubated with 10-
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500ug/ml of EECF for 72 h at 37 “C in 5 % CO: incubator. (D) Effect of EECF on
GPDH activity in 3T3-L1 cells. The cells were incubated with 10-500 ug/ml of EECF
for 72 hat 37 “C in5 % CO> incubator. Data are expressed as the mean = SD of three
independent experiments. *(p <0.05), compared to the control. Values in each
concentration with different superscript letters are significantly different (p <0.05).
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Figure 3. Effect of ethanol extracts of Djulis (EECF) on expression of adipogenic genes
in 3T3-L1 adipoctyes. (A) The effect of EECF on gene levels of PPARy in 3T3-L1 cells.
The cells were incubated with EECF for 6 h. (B) The effect of EECF on gene levels of
C/EBPa in 3T3-L1 cells. The cells were incubated with EECF for 12 h. (C) The effect
of EECF on gene levels of SREBP-1c in 3T3-L1 cells. The cells were incubated with
EECF for 12 h. (D) The effect of EECF on PPARY protein expression in 3T3-L1 cells.
The cells were incubated with EECF for 18 h. Data are expressed as the mean + SD of
three independent experiments. *(p <0.05), compared to the control. Values in each
concentration with different superscript letters are significantly different (p <0.05).
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Figure 4. Total ion chromatograms of LC/MS analysis in positive electrospray ionization and HPLC-photodiode array detection chromatograms at full
scan of 210-600 nm from ethanolic extracts of Djulis (EECF). Peak numbers are referred to Table 1.
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Table 1. Retention time, UV-Vis and Mass spectral characteristics of the ethanolic extracts of Djulis (Chenopodiun formosanum)

E‘?k Compound tr (Min)  Amax (NM) [M+H]* [M-H] ,(Ar\nn;(/);)r;t
1 protocatechuic acid derivatives 9.05 262, 234 285 283 7.328
2 amaranthine® 15.05 538 727 - 0.24
3 betanin? 17.09 534, 274 551 - 0.74
4 isobetanin® 19.28 534, 236 551 - 0.28
5 quercetin derivatives 27.61 254, 354 889 - 4.29
6 quercetin-3-O-rutinoside-7-O-rhamnoside 29.97 254, 354 757 755 7.49
7 quercetin-3-O-deoxy-hexose-O-hexose-O-pentoside 30.85 254, 352 743 - 1.86
8 camellianoside® 31.26 268, 350 743 741 13.48
9 kaempferol derivative® 32.34 268, 348, 236sh 697 695 1.42
10 kaempferol-3-O-[6'""-p-coumaroyl-glucosyl-B-(1—4)-rhamnoside] *  32.77 268, 349, 246sh 741 739 3.09
11 quercetin- 3-0-2"-(6"-p-coumaroyl) - glucosylrhamnoside 33.09 254, 354 757 5.54
12 rutin? 33.61 349, 267, 226 611 609 25.89
13 unknown 33.90 220, 268, 352 291 - 6.61
14 20-hydroxyecdysone 34.99 246, 224sh 481 - 8.06
15 unknown 35.50 222, 328 479 - 1.81
16 kaempferol-3,7-di-O-rhamnoside® 36.07 350, 266, 234 579 577 1.99
17 kaempferol-3-O-rutinoside? 37.30 267, 350, 235sh 595 593 0.90
18 unknown 37.90 222,252, 340 625 - 3.25
19 unknown 42.91 222,314 453 - 1.70
20 unknown 43.89 222,312 677 675 4.04

2The identification was confirmed further by authentic compound.

b 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.

dPeaks 2, 3 and 4 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 ethanolic extracts of Djulis (EECF).
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Flgure 5. Effect of three bioactive compounds tested from ethanolic extracts of Djulis
(EECF) on cell proliferation in 3T3-L1 pre-adipocytes and 3T3-L1 adipocytes. The
cells were treated with each bioactive compound tested for 24 and 72 h for pre-
adipocytes and 3T3-L1 adipocytes, respectively.
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Figure 6. Effects of rutin, kaempferol and betanin on adipogenesis in 3T3-L1 cells. (A)
The microscopic images of Oil red O-staining of rutin-, kaempferol- or betanin -treated
3T3-L1 cells. (B) Oil red O staining of rutin-, kaempferol- or betanin-treated 3T3-L1
cells. 3T3-L1 cells were incubated with 100uM of rutin, kaempferol or betanin ,
respectively, for 72 h at 37 C in 5 % CO; incubator. (C) Rutin-, kaempferol- or
betanin-mediated suppression of intracellular triglyceride levels of 3T3-L1 cells. 3T3-
L1 cells were incubated with 100 uM of rutin, kaempferol or betanin , respectively, for
72 h at 37 C in 5 % CO2 incubator. (D) Effect of 100 uM of rutin, kaempferol or
betanin on GPDH activity in 3T3-L1 cells. The cells were incubated with 10-500pg/ml
of rutin, kaempferol or betanin, respectively, for 72 h at 37 °C in 5 % CO; incubator.
Data are expressed as the mean = SD of three independent experiments. *(p <0.05),
compared to the control. Values in each concentration with different superscript letters
are significantly different (p <0.05).
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Figure 7. Effects of of rutin, kaempferol and betanin on expression of adipogenic genes.
(A) The effect of rutin, kaempferol and betanin on gene levels of PPARy in 3T3-L1
cells. (B) The effect of rutin, kaempferol and betanin on gene levels of C/EBPa. in 3T3-
L1 cells. (C) The effect of rutin, kaempferol and betanin on gene levels of SREBP-1c
in 3T3-L1 cells. The cells were incubated with rutin, kaempferol or betanin for PPARY,
C/EBPa and SREBP-1c was 6 h, 12 h and 12 h, respectively. Data are expressed as the
mean = SD of three independent experiments. *(p <0.05), compared to the control.
Values in each concentration with different superscript letters are significantly different
(p <0.05).
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Figure 8. Histopathological alterations of the adipose tissue in mice fed with high fat
diet. CK: control diet; HC: high dosage of ethanolic extracts of Chenopodium
Formosanum with control diet; HF: high-fat diet; LCF: low dosage of ethanolic extracts
of Chenopodium formosanum ; MCF: medium dosage of ethanolic extracts of
Chenopodium formosanum ; HCF: high dosage of ethanolic extracts of Chenopodium
formosanum; R: rutin; B: betanin; Q: quercetin. Values represent the mean + SEM (n=6).
H&E stain. 400xgroups.
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Table 2. Effects of ethanolic extracts of Djulis (EECF) and its bioactive compounds including rutin, quercetin, betanin on body weight, organ or tissue

weights of C57BL/6 mice fed with high fat diet

Initial Final body Daily weight Daily Feed Relative weights
Groups weight weight gain food intake efficiency Liver Kidney Visceral fat
(9) (9 (g/day) (g9/day) (%) (%) (%) (%)

CK 21.48+0.51 28.00+1.62 0.08+0.01 3.12+0.23 2.55+0.17 4.49+0.10 1.42+0.03 3.28+0.26
HC 21.48+0.22 27.95+1.56 0.08+0.01 3.07+£0.05 2.58+0.27 4.23+0.10 1.41+0.02 3.65+0.28
HF 22.66+0.58 33.12+1.73* 0.13+0.03* 2.82+0.02* 4.61+1.03* 3.68+0.14* 1.45+0.04 8.28+0.61%*
LCF 22.08+0.27 31.56+0.97 0.11+0.01 2.80+0.02 3.76+£0.41 3.76+0.08 1.39+0.05 6.18+0.65%
MCF 22.05+0.15 31.34+1.18 0.10+0.02 2.77+£0.02 3.77+0.59 3.70+0.19 1.44+0.01 5.67+0.80P
HCF 22.20+£0.57 30.22+1.39 0.09+0.02 2.83+0.02 3.31+£0.77 4.03+0.12 1.55+0.06 5.61+0.72°
R 21.84+0.48 28.51+1.55 0.10+0.01 2.73+0.01 3.68+0.31 3.94+0.15 1.55+0.08 5.53+0.84°
B 22.01+0.44 29.60+1.52 0.09+0.02 2.81+0.02 3.17+£0.59 3.91+0.16 1.57+0.07 5.56+0.72°
Q 22.17+0.78 28.21+1.93 0.08+0.04 2.82+0.03 2.71+1.24 3.89+0.30 1.55+0.07 5.80+0.72°

CK: control diet; HC: high dosage of ethanolic extracts of Chenopodium Formosanum with control diet; HF: high-fat diet; LCF: low dosage of ethanolic
extracts of Chenopodium formosanum ; MCF: medium dosage of ethanolic extracts of Chenopodium formosanum ; HCF: high dosage of ethanolic
extracts of Chenopodium formosanum; R: rutin; B: betanin; Q: quercetin. Values represent the mean £+ SEM (n=6). Statistical methods for HC, HF vs CK
are used by Dunnett's test, the symbol of * means p value <0.05 represented significant difference. Statistical methods for high fat diet groups are used
by Duncan's multiple range test, the different superscript letters@® are significantly different at p < 0.05. Feed efficiency (%)= (daily weight gain / daily
food intake) x 100. Relative weight (%)= organ or tissue weight (g) / final body weight (g) x 100.
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Table 3. Effects of ethanolic extracts of Djulis (EECF) and its bioactive compounds including rutin, quercetin, betanin on the plasma lipid levels of
C57BL/6 mice fed with high fat diet

Groups TG TC HDL-C LDL-C NEFA
P (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mmol/L)
CK 32.40+6.14 136.60+3.26 113.20+2.87 17.00+1.29 1.17+0.11
HC 49.57+6.14 142.60+4.02 115.80+4.16 17.29+1.91 1.42+0.06
HF 139.00+18.77% 209.67+40.93*" 141.33+2.33% 30.66+16.92%* 2.00+0.32*
LCF 83.75+15.93° 152.80+4.22° 124.00+3.03° 17.20+2.44° 1.56+0.19
MCF 82.40+15.27° 135.60+13.53° 127.50+2.96% 14.83+1.85° 1.61+0.32
HCF 82.75+15.15P 139.20+4.24° 118.33+3.55° 13.00+1.93° 1.51+0.09
R 67.67+3.18° 140.00+25.54° 140.75+2.872 14.75+3.71° 1.39+0.11
B 51.60+5.57° 145.40+6.87° 121.20+5.60° 19.17+2.70° 1.59+0.09
Q 46.75+12.93° 158.40+8.75° 127.50+5.932 17.00+2.81° 1.49+0.12

CK: control diet; HC: high dosage of ethanolic extracts of Chenopodium Formosanum with control diet; HF: high-fat diet; LCF: low dosage of ethanolic
extracts of Chenopodium formosanum ; MCF: medium dosage of ethanolic extracts of Chenopodium formosanum ; HCF: high dosage of ethanolic extracts
of Chenopodium formosanum; R: rutin; B: betanin; Q: quercetin. Values represent the mean + SEM (n=6). Statistical methods for HC, HF vs CK are used
by Dunnett's test, the symbol of * means p value <0.05 represented significant difference. Statistical methods for high fat diet groups are used by Duncan's
multiple range test, the different superscript letters®® are significantly different at p < 0.05. TC, total cholesterol; TG, triglyceride; HDL-C, high density
lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; NEFA, non-esterified fatty acids.
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Table 4. Effects of ethanolic extracts of Djulis (EECF) and its bioactive compounds including rutin, quercetin, betanin on biochemical examination for

the plasma of C57BL/6 mice fed with high fat diet.

Groups AST ALT Insulin Leptin
(VL) (VL) (ng/L) (ng/L)
CK 204.25+39.67 37.40+7.93 0.81+0.11 12.04+3.22
HC 215.75£7.49 43.40+£13.12 0.66+0.02 15.77£2.76
HF 208.20+£22.92 47.60+£12.65 2.00+0.48* 62.80+8.7720*
LCF 136.00+50.50 24.25+5.27 0.79+0.15% 50.29+11.28%
MCF 214.25+35.95 40.40+8.33 0.91+0.142 43.68+10.02°
HCF 143.50+£20.60 28.60+6.78 0.87+0.15? 44.64+9.53°
R 161.00+55.52 30.75+6.05 0.81+0.022 92.89+19.142
B 176.50+3.80 44.00+£14.37 1.00+0.312 52.06+21.40%
Q 162.50+31.42 21.25+2.02 0.83+0.05% 50.31+11.48%

CK: control diet; HC: high dosage of ethanolic extracts of Chenopodium Formosanum with control diet; HF: high-fat diet; LCF: low dosage of ethanolic
extracts of Chenopodium formosanum ; MCF: medium dosage of ethanolic extracts of Chenopodium formosanum ; HCF: high dosage of ethanolic
extracts of Chenopodium formosanum; R: rutin; B: betanin; Q: quercetin. Values represent the mean + SEM (n=6). Statistical methods for HC, HF vs CK
are used by Dunnett's test, the symbol of * means p value <0.05 represented significant difference. Statistical methods for high fat diet groups are used
by Duncan's multiple range test, the different superscript letters@® are significantly different at p < 0.05. AST, aspartate aminotransferase; ALT, alanine

aminotransferase.
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Figure 9. Plasma glucose responses to an oral glucose challenge (1.5 g/kg) after 12
h of food deprivation at day 84. CK: control diet; HC: high dosage of ethanolic
extracts of Chenopodium Formosanum with control diet; HF: high-fat diet; LCF:
low dosage of ethanolic extracts of Chenopodium formosanum ; MCF: medium
dosage of ethanolic extracts of Chenopodium formosanum ; HCF: high dosage of
ethanolic extracts of Chenopodium formosanum; R: rutin; B: betanin; Q: quercetin.
Values represent the mean £+ SEM (n=6). Statistical methods for HC, HF vs CK are
used by Dunnett's test, the symbol of * means p value <0.05 represented significant
difference. Statistical methods for high fat diet groups are used by Duncan's multiple
range test, the different superscript letters@® are significantly different at p < 0.05.
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Table 5. Effects of ethanolic extracts of Djulis (EECF) and its bioactive compounds
including rutin, quercetin, betanin on oral glucose tolerance test (OGTT) of

C57BL/6 mice fed with high fat diet at day 80

Groups 0 min 30 min 60 min 90 min
(mmol/L) (mmol/L) (mmol/L) (mmol/L)
CK 6.13£0.44 10.85%0.32 7.73£0.30 7.53£0.36
HC 6.23£0.56 10.81+0.48 9.18+0.39 8.3420.39
HF 7.39£0.66*  12.78+0.69%* 10.74%0.77°* 10.050.40%*
LCF 7.01£0.45 10.43+0.81% 7.78+0.30 8.33£0.39"
MCF 7.27£0.27 10.40+0.44% 8.83+0.13° 8.60+0.29"
HCF 6.58+0.43 10.90£0.23% 8.09+0.50? 8.14+0.43"
R 7.29+0.60 9.91+0.65" 7.86+0.82° 8.68+0.46"
B 6.00+0.69 8.90+1.32° 8.27+0.35° 8.96+0.20%
Q 7.00+0.69 9.70+0.25° 8.46+0.432 8.38+0.29°

CK: control diet; HC: high dosage of ethanolic extracts of Chenopodium Formosanum
with control diet; HF: high-fat diet; LCF: low dosage of ethanolic extracts of
Chenopodium formosanum ; MCF: medium dosage of ethanolic extracts of
Chenopodium formosanum ; HCF: high dosage of ethanolic extracts of Chenopodium
formosanum; R: rutin; B: betanin; Q: quercetin. Values represent the mean + SEM (n=6).
Statistical methods for HC, HF vs CK are used by Dunnett's test, the symbol of * means
p value <0.05 represented significant difference. Statistical methods for high fat diet
groups are used by Duncan's multiple range test, the different superscript letters@® are
significantly different at p < 0.05. OGTT test: Oral glucose tolerance test.
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Figure 10. Effects of test samples on AUC of glucose levels from oral glucose tolerance
test (OGTT) for C57BL/6 mice fed with high fat diet. CK: control diet; HC: high dosage
of ethanolic extracts of Chenopodium Formosanum with control diet; HF: high-fat diet;
LCF: low dosage of ethanolic extracts of Chenopodium formosanum ; MCF: medium
dosage of ethanolic extracts of Chenopodium formosanum ; HCF: high dosage of
ethanolic extracts of Chenopodium formosanum; R: rutin; B: betanin; Q:
quercetin.Values represent the mean £+ SEM (n=6). Statistical methods for HC, HF vs
CK are used by Dunnett's test, the symbol of * means p value <0.05 represented
significant difference. Statistical methods for high fat diet groups are used by Duncan's
multiple range test, the different superscript letters®@® are significantly different at p
<0.05. AUC: The area under the curve (AUC) of glucose levels.
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Figure 11. Effects of test samples on homeostasis model assessment (HOMA-IR) of
C57BL/6 mice fed with high fat diet. CK: control diet; HC: high dosage of ethanolic
extracts of Chenopodium Formosanum with control diet; HF: high-fat diet; LCF: low
dosage of ethanolic extracts of Chenopodium formosanum ; MCF: medium dosage of
ethanolic extracts of Chenopodium formosanum ; HCF: high dosage of ethanolic
extracts of Chenopodium formosanum; R: rutin; B: betanin; Q: quercetin.Values
represent the mean + SEM (n=6). Statistical methods for HC, HF vs CK are used by
Dunnett's test, the symbol of * means p value < 0.05 represented significant difference.
Statistical methods for high fat diet groups are used by Duncan's multiple range test,
the different superscript letters®® are significantly different at p < 0.05. HOMA-IR
index= insulin (mU/L)x glucose (mmol/L).
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Figure 12. Effect of ethanolic extracts of Djulis (EECF) on HepG2 cell viability. The
cells were treated with EECF for 72 h. Data are presented by means £ SD (n=3). *(p
< 0.05) compared with the control group.
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Figure 13. Effect of ethanolic extracts of Djulis (EECF) on LDH in HepG2 cells. The
cells were treated with EECF for 72 h. Data are presented by means £ SD (n=3). * (p
< 0.05) compared with the control group.
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Figure 14. Effect of ethanolic extracts of Djulis (EECF) on intercellular ROS
production in HepG2 cells. The cells were treated with EECF for 24 h. Data are
presented by means £ SD (n=3). * (p < 0.05) compared with the control group.
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Table 6. Effect of ethanolic extracts of Djulis (EECF) on cell cycle of HepG2 cells

Go/G1 S G2/M
Control 76.8+2.2 6.6+1.1 16.4+1.3
50 pg/ml 78.6+1.0 9.9+2.4 11.5+1.8*
250 pg/ml 77.4+1.5 10.4+1.5* 12.1+1.9*
500 pg/ml 83.1+2.2* 7.1+£3.2 9.9+4.1

Cell were incubated with EECF (50-500 pg/ml) for 72 h. Data are presented by means
+ SD (n=3).
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Table 7. Effect of ethanolic extracts of Djulis (EECF) on apoptosis in HepG2 cells

Necrosis Late . Early_ Live
apoptosis apoptosis
Control 0.0+0.0 0.0+0.0 3.9+0.3 96.1+0.4
50 pg/ml 2.2 +0.6* 1.9+ 0.4* 5.4+ 0.4* 90.5+ 0.9*
250 pg/mi 129+ 0.7* 6.7 £ 1.0* 29+0.1* 775+ 1.5*
500 pg/mi 02+0.2 72+22* 48.6 + 5.9* 439+ 7.3*

The cells were exposed to EECF (50-500 pg/ml) for 72 hr. The cells were harvested and
stained with annexin V-FITC and propidium iodide (PI). Data are presented by means +
SD (n=3). * (p < 0.05) compared with the control group.
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Figure 15. Indction of apoptosis by effect of ethanolic extracts of Djulis (EECF)
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Figure 16. Effect of ethanolic extracts of Djulis (EECF) on mitochondrial membrane
potential in HepG2 cells. The cells were treated with EECF for24 h. Data are presented
by means + SD (n=3). * (p < 0.05) compared with the control group.
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Figure 17. Effect of ethanolic extracts of Djulis (EECF) on the ratios of Bax/Bcl-2 in
HepG2 cells. The cells were treated with EECF for 3 h. Data are presented by means +
SD (n=3). * (p < 0.05) compared with the control group.
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Figure 18. Effect of ethanolic extracts of Djulis (EECF) on caspase 3 activity in HepG2
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cells. The cells were treated with EECF for 32 h. Data are presented by means + SD
(n=3). * (p < 0.05) compared with the control group.
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Figure 19. Effect of ethanolic extracts of Djulis (EECF) on PARP cleavage in
HepG2 cells. The cells were treated with EECF for 32 h. Data are presented by
means £ SD (n=3). * (p < 0.05) compared with the control group.
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at full scan of 210-600 nm from aqueous ethanol extract of Djulis. Peak numbers are referred to Table 8.
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Table 8. Retention time, UV-Vis and Mass spectral characteristics of the ethanol extract of Djulis (Chenopodiun formosaneum)

Z%ék Compound tr (Min) Amax (NM) [M + H]* Amount (mg/g)*
1 protocatechuic acid derivatives 4.67 262, 234 285 33.86
2 unknown 6.61 252,290,532 353[M + Na]* 7.40
3 betanin? 6.89 534, 274 551 10.40
4 isobetanin® 7.47 534, 236 551 7.75
5 unknown 10.87 315,535 773 6.16
6 quercetin-3-O-rutinoside-7-O-rhamnoside 11.58 254, 354 757 9.31
7 quercetin-3-O-deoxy-hexose-O-hexose-O-pentoside  12.01 254, 352 743 21.40
8 kaempferol derivative® 12.52 268, 348,236sh 697 1.53
9 rutin® 12.77 222,256,352 611 26.66
10 unknown 12.85 222,280 245[M + H] 6.89
11 20-hydroxyecdysone 13.18 246,224sh 481 14.45
12 kaempferol-3,7-di-O-rhamnoside® 13.38 350,266,234 579 2.08
13 kaempferol-3-O-rutinoside? 13.77 267,350,235sh 595 3.85
14 unknown 14.27 222,256,348 551 5.48
15 unknown 16.70 222,312,412 659 5.36
16 quercetin 17.38 222,370 303 2.41

4The identification was confirmed further by authentic compound.
b Compounds were tentatively identified according to mass spectra and the matched data.

¢ Compounds were limitedly identified from mass spectra and UV-visible absorbance spectra.
dPeak 4 was 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 ethanolic extracts of Djulis (EECF).

50



[ betanin

140 1 o rutin
— [ kaempferol
9 120 1 EEEE quercetin
o
c
o
O 100 4
© . 1
o *
N 80 *E
~ T * *
> — * * *
= I s - *
= 60 -
Q
]
> 40
3

20 A

0 - -

Control 50 100 200

Concentration (uM)

Bl= -~ - -~ Betanin ~ rutin ~ kaempferol ~ quercetin ¥+ HepG2 ‘m*s & Ji 72 /] PF 2.
fmre 2 gz B

Figure 21. The effect of betanin, rutin, kaempferol and quercetin on HepG2 cell
viability. The cells were treated with betanin, rutin, kaempferol, quercetin, respectively,
for 72 h. Data are presented by means £ SD (n=3). *(p < 0.05) compared with the
control group.
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Figure 22. The effect of betanin, rutin, kaempferol and quercetin on LDH in HepG2
cells. The cells were treated with betanin, rutin, kaempferol, quercetin, respectively,
for 72 h. Data are presented by means £ SD (n=3). * (p < 0.05) compared with the
control group.
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Figure 23. The effect of betanin, rutin, kaempferol and quercetin on intercellular ROS
production in HepG2 cells. The cells were treated with betanin, rutin, kaempferol,
quercetin, respectively, for 24 h. Data are presented by means + SD (n=3). * (p <
0.05) compared with the control group.
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Table 9. The effect of betanin, rutin, kaempferol and quercetin on cell cycle of HepG2

cells
Go/Gs S G2/M
Control 76.8+2.2 6.6+1.1 16.4+1.3
50 uM 76.5+1.5 10.9+0.5* 12.6+2.0*
B 100 uM 78.4+0.9 11.6+0.7* 9.9+1.5*
200 uM 78.2+2.4 9.3+0.8* 12.5+2.2
50 uM 80.0+1.5 12.4+5.1* 10.5+1.0*
R 100 uM 78.9+1.9 10.0+0.6* 11.0+1.4*
200 uM 80.6+1.4 9.7+1.0* 9.6+0.8*
50 uM 81.8+1.0* 8.7+0.9 9.5+0.6*
K 100 uM 66.0+3.0* 9.2+0.7* 24.8+3.0*
200 uM 61.1+5.7* 15.9+.3.8* 31.2+3.8*
50 uM 75.8+3.2 9.5+3.1 14.6+3.5
Q 100 uM 43.8+6.6* 12.7+3.5* 43.3+3.4*
200 uM 23.3+3.1* 32.5+0.1* 44.3+3.0*

The cells were incubated with betanin (B), rutin (R), kaempferol (K) and quercetin
(Q), respectively, for 72 h. Data are presented by means = SD (n=3). * (p < 0.05)

compared with the control group.
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Table 10. Effect of betanin, rutin, kaempferol and quercetin on apoptosis in HepG2

cells
Necrosis Late . Early. Live
apoptosis apoptosis
Control 0.0£0.0 0.0£0.0 3.9+0.3 96.1+0.4
B 50 uM 0.2£0.1* 0.3+0.4 3.410.5 96.4+0.5
100 uM 0.7£0.3* 0.9+0.2* 11.0+1.7* 87.4+2.0*
200 uM 0.1+0.1 0.8£0.1* 25.7+2.7* 73.5+2.0*
50 uM 0.8+£0.3* 0.2£0.1 5.4+0.7* 93.6+0.9*
R 100 uM 0.4+0.3* 0.4+0.1* 7.0£0.5* 92.2+0.6*
200 uM 0.1+0.0 0.7£0.0* 27.1+3.5* 72.2+3.5*
K 50 uM 0.9+0.2* 0.7£0.3* 9.2+0.7* 89.2+0.5*
100 uM 0.1+0.1 6.3t1.5* 54.5+6.5* 35.4+0.2*
200 uM 0.1+0.1 39.3+6.9* 54.2+3.7* 6.4+3.2*
0 50 uM 4.6£1.1* 6.6£1.9* 16.1+1.7* 72.6+£3.2*
100 uM 3.6+£1.9* 23.4+5.6* 18.3+3.3* 54.8+5.7*
200 uM 0.5+0.1* 65.9+4.3* 27.2+2.6* 6.5+1.8*

The cells were exposed to betanin (B), rutin (R), kaempferol (K) and quercetin (Q),
receptively, for 72 hr. The cells were harvested and stained with annexin V-FITC and
propidium iodide (PI). Data are presented by means = SD (n=3). * (p < 0.05) compared

with the control group.
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Figure 24. Indction of apoptosis by betanin, rutin, kaempferol and quercetin in HepG2

cells. The cells were treated with betanin, rutin, kaempferol and quercetin (50-200 uM),
respectively, for 72 h. The DAPI-stained cells were evaluated using fluorescene

microscopy (400 x). The arrow indicated apoptotic cells.
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Figure 25. The effect of betanin, rutin, kaempferol and quercetin on mitochondrial
membrane potential in HepG2 cells. The cells were treated with betanin, rutin,
kaempferol, quercetin, respectively, for 24 h. Data are presented by means + SD (n=3).
* (p < 0.05) compared with the control group.
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Figure 26. Effect of Betanin, rutin, kaempferol and quercetin on the ratios of Bax/Bcl-
2 in HepG2 cells. The cells were treated with betanin, rutin, kaempferol and quercetin
(50-200 uM), respectively, for 48 h. Data are presented by means = SD (n=3). * (p <

0.05) compared with the control group.
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Figure 27. The effect of betanin, rutin, kaempferol and quercetin on caspase 3 activity
in HepG2 cells. The cells were treated with betanin, rutin, kaempferol, quercetin,
respectively, for 32 h. Data are presented by means £ SD (n=3). * (p < 0.05) compared
with the control group.
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Figure 28. Effect of ethanolic extracts of Betanin, rutin, kaempferol and quercetin on
PARP cleavage in HepG2 cells. The cells were treated with betanin, rutin, kaempferol
and quercetin (50-200 uM), respectively, for 48 h. Data are presented by means + SD
(n=3). * (p < 0.05) compared with the control group.
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Figure 29. Effect of ethanolic extracts of Djulis (EECF) and quercetin on the growth of
xenografted HepG2 tumour tissue in nude mice: Control (C) and negative control (NC)
indicate normal nude mice with normal feed and tumor injected nude mice without test
sample treatment, respectively. The different doses of EECFand quercetin were
administered orally for 21 consecutive days, starting the day after implantation of tumor
cells.. Visible tumor sizes on day 21 after injection of indicated HepG2 cells. C: control,;
NC: negative control; LQ: quercetin (10 mg/kg bw); MQ: quercetin (20 mg/kg bw) ;
HQ: quercetin (40 mg/kg bw) ; LCF: EECF (25 mg/kg bw) ; MCF: EECF (50 mg/kg
bw) ; HCF: EECF (100 mg/kg bw).
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Figure 30. The photographs of a solid tumor. NC: negative control; LQ: quercetin (10
mg/kg bw); MQ: quercetin (20 mg/kg bw) ; HQ: quercetin (40 mg/kg bw) ; LCF: EECF
(25 mg/kg bw) ; MCF: EECF (50 mg/kg bw) ; HCF: EECF (100 mg/kg bw).
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Table 11. Inhibitory effect of EECF and Quercetin on growth of tumor xenografts in

BALB/c (nu/nu) nude mice

Tumor

Body weight \olume

Groups (9) Volume (mm?) (of Negative
control %)

gacl’lnntéo' + Physiological o, 554 078 0,00+ 0.00 0.00 + 0.00
Negative control +HepG2 21.60 + 0.51 139.77 + 28.32  100.00 * 20.26"
LQ  (quercetin Sma/kg 51 o030 11284+ 2618  80.74 + 18.73
bw) +HepG2
MQ (quercetin 20mg/kg
ow) +HepG2 20612050 27664 1840% 5557+ 13,16
HQ (quercetin 40ma/kg ) 564 082 43.93+4.00%  31.43 + 2.86*
bw) +HepG2
LCF (EECF25mglkgbw) 51 054 077 130.09+34.81 9951+ 24.01
+HepG2
MCF (EECF 50ma/kg .5 494 003 1170643328 8375+ 23.71
bw) +HepG2
HCF(EECFIO0MQ/kG 51344019 8474+ 16.44*  60.62 + 11.77*
bw) +HepG2

Values represent the mean £+ SEM (n = 5). Results were statistically analyzed with
Dunnett's test. #(p<0.05), compared to the control, and * (p<0.05), compared to the

negative control.

59



B~ 3% 2 gk
B A NEF eHAaRFNY P -A SRS T A2 B A2
ARFHHQ) AL EL R 5 ERAABTEALIEL 2006 -
=Ii- A E4E P 5 4% (Chenopodium formosanum Koidz) i * 22 B % 2. # 3
(2 TR ¥L A ¢ 98 ERFPHFFFLEL 2009 -
Pl RSP HFDAFH AL - HmF LR R AR
Atro R FELRE 97T E R FF Y IRL 2008 ¢

Chen, S.Y,, Chu, C. C., Chyau, .C.C., Yang, J.W., Duh, P.D*. 2019. Djulis (Chenopodium
formosanum) and its bioactive compounds affect vasodilation, angiotensin converting
enzyme activity, and hypertension. Food Bioscience 32, 100469.

Chu, C.C., Chen, S.Y., Chyau, C.C., Fu, Z.H., Liu, C.C., Duh, P.D*. 2016. Protective
effect of Djulis (Chenopodium formosaneum) and its bioactive compounds protect
against carbon tetrachloride-induced liver injury, in vivo. J. Functional Foods 26,
585-597.

Chyau, C.C., Chu, C.C., Chen, S.Y., Duh, P.D. 2015. Djulis (Chenopodiun
formosanum) and its bioactive compounds protect against oxidative stress in human
HepG2 cells. J. Functional Foods 18, 159-170.

Dirsch, V.M., Kiemer, A.K., Wagner, H., Vollmar, A.M. 1998. Effect of allicin and
ajoene, two compounds of garlic, on inducible nitric oxide synthase.
Atherosclerosis 139, 333-339.

Ramirez-Zacarias, J. L., Castro-Munozledo, F., Kuri-Harcuch, W. 1992. Quantitation
of adipose conversion and triglycerides by staining intercytoplasmic lipids with Oil
Red O. Histochemistry 97, 493-497.

Sowers, J. R. 2003. Obesity as a candiovascular risk factor. Am. J. Med. 115, 37s-41s.

Tripathi, M.; Singh, B.K.; Kakkar, S.P. 2009. Glycyrrhizic acid modulates t-BHP
induced apoptosis in primary rat hepatocytes. Food Chem. Toxicol. 47, 339-347.

Tsai, P.J., Chen, Y.S., Sheu, C.H., Chen, C.Y. 2011. Effect of nanogrinding on the
pigment and bioactivity of djulis (Chenopodium formosanum Koidz.). Journal of
Agricultural and Food Chemistry, 59(5), 1814-1820.

WHO, 2019; https://www.who.int/zh/news-room/detail/15-07-2019-world-hunger-is-
still-not-going-down-after-three-years-and-obesity-is-still-growing-un-report.

Mg g AP S %

Chen, J.Y., Chu, C.-C., Chen, S.-Y., Chu, H.L., Duh, P.D*. 2019. The Inhibitory Effect
of Betanin on Adipogenesis in 3T3-L1 Adipocytes. Journal of Food and Nutrition
Research 7 (6), 447-451.

Chen, S.Y., Chu, C. C., Lin, Y. C., Duh, P. D*. 2019. Djulis (Chenopodium formosanum)
and Its Bioactive Compounds for Management of Hyperlipidemia and
Hyperglycemia in High-Fat Diet-Fed Mice. Journal of Food and Nutrition Research
7 (6), 452-457.

Chyau C.C., Chu C.C.,Chen S.Y., Duh P.D*. 2018. The Inhibitory Effects of Djulis
(Chenopodium formosanum) and Its Bioactive Compounds on Adipogenesis in
3T3-L1 Adipocytes. Molecules 23, 1780; doi:10.3390

CHELEEEEFY R

Chen, S.Y,, Chu, C. C., Chyau, .C.C., Yang, J.W., Duh, P.D*. 2019. Djulis (Chenopodium
formosanum) and its bioactive compounds affect vasodilation, angiotensin converting

enzyme activity, and hypertension. Food Bioscience 32, 100469.
60


https://www.who.int/zh/news-room/detail/15-07-2019-world-hunger-is-%20%20still-not-going-down-after-three-years-and-obesity-is-still-growing-un-report
https://www.who.int/zh/news-room/detail/15-07-2019-world-hunger-is-%20%20still-not-going-down-after-three-years-and-obesity-is-still-growing-un-report

Chen, S.Y,, Chu, C. C., Jiang, C. L, Duh, P. D*. 2019. The Vasodilating Effect and
Angiotensin Converting Enzyme Inhibition Activity of Three Dietary Flavonols:
Comparsion between Myricetin, Quercetin and Morin, in vitro. Journal of Food and
Nutrition Research 7 (5), 347-354.

Chen, S.Y. Chu,C.C., Chyau,C.C., Fu, Z.H., Duh, P.D*. 2018. Effect of water extract of
Djulis (Chenopodium formosaneum ) and its bioactive compounds on alcohol-induced
liver damage in rats. International Journal of Food and Nutritional Science 5(1), 55-63.

Chen, J.Y., Chu, C.C., Chen, S.Y., Duh, P.D*. 2018. Inhibitory effect on lipid
accumulation: comparison between two polymethoxylflavones, tangeretin and
nobiletin, and one flavonoid, hesperetin, in 3T3-L1 adipocytes. Biomedical Journal
of Scientific Technical Research DOI: 10.26717/BJSTR.2018.03.000853.

Duh, PD, Lin, TP, Huang, SC, Chen, SY*, Chu, CC, Chen,J Y, Chen, C H*. 2018.
Anti-Proliferative and Apoptotic Effects of Polygonum Cuspidatum and its
Bioactive Compound, Emodin, in Colorectal Carcinoma HT-29 cells. International
Journal of Food and Nutritional Science DOI: 10.15436/2377-0619.18.1731.

Chu, C.C., Chen, S.Y., Chyau, C.C., Fu, Z.H., Duh, P.D*. 2017. Antiproliferative
effect of sweet orange peel and its bioactive compounds against human hepatoma
cells, in vitro and in vivo. J. Functional Foods 33, 363-375.

Chu, C.C., Wu, W.S,, Shieh, J.P.,, Chu, H.L., Lee, C.P., Duh, P.D*. 2017. The anti-
inflammatory and vasodilating effects of three selected dietary organic sulfur
compounds from allium species. J. Functional Biomaterials. 8(1), 5;
doi:10.3390/jfb8010005

Chu, C.C., Chen, S.Y., Chyau, C.C., Fu, Z.H., Liu, C.C., Duh, P.D*. 2016. Protective
effect of Djulis (Chenopodium formosaneum) and its bioactive compounds protect
against carbon tetrachloride-induced liver injury, in vivo. J. Functional Foods 26,
585-597.

it =

61



PRI B AP P RSP L

épﬁ*u/?f IRFERFENGAERE EXFHPRTR AL 52N B E (& A
HAETRAZ AR -RE-PENE-HFR2T R A FFEAFNP T LS
B A EFR (e 5L F L3 miR* 3R E2 AREENFLEAFR)
RHU MR ESE S T FEER

7

1 i p 32 R d s  EX2FY 0 BHRF- 5826
W=
(] &gk (P > 2100 F 512)
[] Fsk4px

(] Mt v o
0 #6 A7
P

2. P ALY F LAY FRENEFEGH s P B2 2B £
R AT R)
w2 W FAoAF ALK oERY oA
L4 1o EEoY ¢ of
HE o Lo
mE

Hi (121200 3F % 2)

3. 3 lﬁ%‘i‘ﬁm\ﬁh\ﬂﬁvé% ALEBIBE S G TR A R BN B (] B it

FETRLAZEE R E PPN E-HFEL T 1500 F 5 )
HER IAFHL WA Ed a2 382 3 R (5L odpt o 42852
Wi R e SN BEPFR o BT FVENR bra b s Bl A W O {7 AR B A 0 F
AR AR S g dpdn o RESE SR HARE o ¥ 0 R4 f‘z,&ﬂ% B RO S B
B AT s hoin FE T AL AR 2 Fﬁg.:g: v E A k- B AT EFEY S hp o

ENCER RS SRS RN R EA L *{ﬁ%mﬂ+%#% sl
3T3- |_1n 87:,‘91”57 ”q;ﬁ')r o gewkﬁ,z £ 1] B AL, rg'ﬂgﬁﬁ_gug o P o#.ﬂz ’li”‘/f&]
HZREPS LG P T Ree 255 o PR 2 2 45 é‘ééi’—?ib’*?‘ié'l“i%‘@”ﬁ o %
Ll B2 T RE BT F G Eatk o R E G PRUFER R T

AT EZ EF kSR nzi}%rxﬁ}i’-" XA F 2 OH SN A A R v dr ] 2 F
3 R A 2 mgﬂ_@g\;;gip Z, %ﬁ@xgj};n jtg Yoo T E = B YR E el )
FrAELIHERY c AVHEAF ISR IRB TR KB BEE R T2 E
FHUEAL B E o AP EEE- SR BV R FF o R L F
BEWEREa 2 FER 2 27 HRAEEZ adEL T LA

o

62



4. 3 &R

AT E G RRRE
(9% "8, %>

?{Ir

o#

EC U
I%IE_-

NS

~m|

\“"
)

5

W ZRE B

ﬂﬁha B rohy 2 £ 5B M)

*Pii%ﬁﬁ#ﬂéiikﬁm:-@ 0%
B :(Jy 150 % ﬁ.“?)
i
PEHIORHLEEL R4 E4
3L . Y
PR T2 AR B PR
i
. (p A RIEP G T
>~ %8P B i H > BHERA H,;g W s _&rﬁ}; 7
gz%ﬁ_‘; o %’ﬁ};‘ PLE
> )u...—?;
B = . [
Bt o
gﬂrﬁ"'fi;é‘n%% * ’i‘“ff—gﬁé— Pl e
X L& Rk * ek dme R
PR 2 ¥
His 7
d%ﬂ %w&ﬁ?ﬂ,%éﬁﬁ
P gk B o
Ay 'g? ?IJ ?I’J ;_:]_K/ L 222 =X y) 292 4
A g | © E® A A Ak R
p B o
AT %
% —r
%;ﬁf@%ﬁ i
LR FE TR
BHIBEIERET hiE
¥t
g
Hi
oA | ¥ "

63




o

2.

i rﬁét%ﬁi?iiﬁaﬂ
#/ZJ””’ZI’J—E.‘L =
CES R L E L
PR EZHEERE R
PR A K AT E 2
EREBIE H 4
N H B LR o

LR £ NP o

—_—

£ A
<

Hp Jujgé‘n <

Chen, J.Y., Chu, C.-C., Chen,

S.-Y., Chu, H.L., Duh,
P.D*. 2019. The
Inhibitory  Effect  of
Betanin on Adipogenesis
in 3T3-L1 Adipocytes.
Journal of Food and
Nutrition Research 7 (6),
447-451.

Chen, S.Y., Chu, C. C., Lin,

Y. C., Duh, P. D*. 2019.
Djulis (Chenopodium
formosanum) and Its
Bioactive Compounds for
Management of
Hyperlipidemia and
Hyperglycemia in High-
Fat Diet-Fed  Mice.
Journal of Food and
Nutrition Research 7 (6),
452-457.

Chyau C.C., Chu C.C.,Chen

S.Y., Duh P.D*. 2018.
The Inhibitory Effects of
Djulis  (Chenopodium
formosanum) and Its
Bioactive Compounds on
Adipogenesis in 3T3-L1
Adipocytes. Molecules
23, 1780; d0i:10.3390

64




it g

Pin-Der Duh, Shih-Ying
Chen, Yi-Chiang Lin, Chin-
Chen Chu.. The effect of
Djulis (Chenopodium
formosanum) and its
bioactive compounds on
hyperlipidemia in high-fat-
fed mice. The 9th Biennial
Meeting of Society for Free
Radical Research-Asia
(SFRR-Asia)-The New Era
Redox Research. Japan,
Kyoto, 2018.04-07.
Shih-Ying Chen, Chin-Chen
Chu, Charng-Cherng Chyau,
Jing-Wen  Yang, Jen-Yin
Chen

Pin-Der Duh. The
antihypertensive effects of
Djulis (Chenopodium
formosanum) and its
bioactive compounds, in vitro
and in vivo.2018 Global
Conference on Engineering
and Applied Science
(GCEAS), Japan, Tokyo,
2018.07.10-12.

Shih-Ying Chen, Chin-Chen
Chu,Charng-Cherng Chyaud,
Zi-Han Fu, Jen-Yin Chen,
Pin-Der Duh,* Effect of
Water Extract of Djulis
(Chenopodium
formosaneum)  and its
Bioactive Compounds on
Alcohol-induced Liver
Damage in Rats. The
International  Society for
Nutraceutical and Functional
Foods - ISNFF2017
Platform for Foods > Nutrition
and Medical Science. South
Korea, Gunsan. 2017, 10. 22-
25.

Shih-Ying Chen, Chin-Chen
Chu, Tsuey-Pin Lin, Chung-

65




Lin Jiang, Pin-Der Duh.
Vasodilative  effect  and
angiotensin converting
enzyme inhibitory activity
from selected dietary
phenolic compounds, 9th
International Workshop on
Anthocyanins, 2017, 02.22-
24. Auckland, New Zealand.
Pin-Der Duh, Tsuey-Pin Lin,
Chin-Chen Chu, Ja-Ping
Shieh, Chin-Hui Chen, Shu-
Ching Huang and Shih-Ying
Chen, Antiproliferative and
apoptosis effects of
Polygonum cuspidatum and
its bioactive compound, in
colorectal carcinoma HT-29
cells, International
Symposium  on  Natural
Products for Future 2016
Tokushima, ISNPF 2016),
2016, 09.01-09.04.

Chu, C.C., Wu, W.S., Shieh,
J.P, Chu, H.L., Lee, C.P,
Duh, P.D. Anti-infammatony
and Vasodilating Effects of
Three  Selected  Dietary
Organic Sufur pounds from
Allium species 2016
International Forum-
Agriculture, Biology, and
Life  Science  (IFABL),
Kurume, Japan, 2016, 08.05-
08.08.

b3 L

T % Ldsdmepa-

PR 2 b

#u 3

¢ 3o CRGRER AN I L
_% J);? ﬂg —gF %’}{» °
1
R ML L R T L e wras
2 A5 B o
AR A
P 118

66




¥ ELE
FHTETRT hiE
it
o1 1E
His
S (4
1. % rﬁi;}ifﬂyfig;;iﬂg—xﬂ
PRE R 2 AR
B As & %3‘1‘%%-‘3:»]3:% n"f:}ﬁ:‘f{ £y
(0 + = THFBELEEFEER
T A R g T 2
wiEE A £
A H B
2. AP ENEH o
< &4
LA
A #14
ELEFg R
Y L oizesim 1
3}—'}5;’[- 4 % 4 A =%
TR =
LA
Aams BL2
LR aEN
E;|IE11:;
Hi &%
(i B4t 3 % hoppd B ppes d ~ JE T
B SEERELFT P A FREAEHBS 2
Hupae g ¥R B2 LM T HE 0 3
Y1 F A ] o)

FREPARIHBEP 3B S IA RREHE R 2

2017 £ 3 * 14 p

A2 BT R JRA | R R F B A ELE:C
T & A
=3 2017/3/22’—244 B ~ &P 5-2320-B-041 -001 -MY3
£ & LT OB o
W u A BY 2 5
B (F %) 9BBET % &
H- (# <) 9" International Workshop on Anthocyanins, 2017

67




% 4 (P %) Bapmit g2t g HRT I L P ?ﬂﬁ% 3 e e S 1
Eo (% =) Vasodilative effect and angiotensin converting enzyme inhibitory activity from
P selected dietary phenolic compounds

*‘%ﬁgﬁﬁﬁ
FLETTEREE & (9™ International Workshop on Anthocyamns IWA) 5
2017,2,22~ 2017224*“‘an W2 Bof® B -rxERIM: 7 F Htf Rl g:
(1)Phytochemistry AND Analysis (2) Biosynthesis And Genetics (3) Application In Food
and Industry (4) Horticulture And Floriculture (5) Human Health (6) Ecology, Function And
Evolution (7) Others - < ¢ £ &% :}*k 123535 rsEh iwdz 295 B 2EH> o d
RN AL L8 4}5%'@;@]?‘\%‘3**‘—‘;”5%?}1&% Fhvokp SHEF LK
- X ,t‘@ﬂ’f,#:f+§—:%]14 j@ﬁ“@éna’d%@j@gi\ﬁ\ﬁ; PESRNY =2 - I N S
Med PEEMITEE ¢ A BB > BEE2ZH> FFL3 £ o BF- &I
EFF NG - FIL A ZENHF AT R CHFTEIWAE - £ B9 €3
EALEE S A g EPRL T ERATH DT s s s T R e

K

T .

Iy
|

=R A
THRF PRI RFL 7 & HIF AT B

Fhe b gk A H S S LMY t’%_iﬁﬁﬁ
Technology, Biology ¥ Human Health % » #&d &

SR N EAoT
=~ ¢ % — 3 Keynote speaker = Shukitt Hale 2 3%, # % anthocyanin $+-% 4 2 3 { &334
Y2 MR RIEAFT TR w‘«LTL— T2 58 90 % ¥ 60-75 gz X 4 )
s inar b gk o ¥ - %‘?Jﬁ Slgardson, G # &1 Hydroxycinnamic acid ¢ # % Cy-
derivatives 2_ gz ¢ # 3> @ H aromaticdiacylation &2 £ 5% & ¢ Rz R o £ ;%géi
Haris, G & ! blackberrles *RE TR AL & AT B qc {4 o blackberries 2 H Cy-3 #f RAW264. 7
fmPe 2_ g u\gﬂ;@ B2 2R iﬁti#; 7 NO -~ PGE2 2 COX-2 eng2 i » e & —‘“ ¥ He s
# RS2 R INOS 23> & v ¥ 8 44 NO - PGE, z |z &£ 8-> 13 INOS P A B
> F 1530 breaktime pF o H A $s 82 F % Sk H G A AR R ARRY AT o 46 45 Tohge, M. T,
A FE w2 MS/IMS g flavonoid 2 A WA > T34 p o flavonoid 15284 + 3% 3
300 f&2 % - @ % flavonoid 2 {24 3 8000 f&r+t = p # ¢ #%+ & & ¥ Tsuda, P. T.4F 3
= # % 4o i@ 3 ¥ Glucago-like peptide-l(GLP-l)@n*v M 0 @19 - 455> Tsuda 4%t
AT HITERFEAY WA Ca¥2 CamkII 2 H ¢ o b 45 JackolaL.)? # f k5~ B B

& = anthocyanin > # ¢ 3 1% bluish anthocyanidins BRERREM fmERER 7R A
i f‘_—gl\; @ KA A 4 blue 2 blanknets 2. =4 % 7 £ o4 £+ 4§ 90;% Prof.Nozzolillo
315 4% 2 47:Alternative truth about autumn color; 12 ﬁé - BBALEINE MR 2
L ¢ §_%] Carotenoid 7z & 74 > ﬁﬁiﬂ:}f; HPLC 2. %% » Hf X p AREEF 2 iz —
» A E d Caroten0|d Bk 2 R FIEH @ flavonoid 7 8 2 % 14 ATR 0 4 (3G 4B
HIE Gl SR = NCALE Tl e T J& N %‘&fv‘tﬁhﬁﬁ%”rrmg o i KR
~ & Hao ** The apple BTB protein MdBT2 regulates anthocyanin biosynthesis by
mteractlng with MdMYB1 transcription factor in response to nitrate » 4% 3| &' ik B+ 35 % 2
Hiqape? &d MdBlZ-MdMYBl #icm regulate 7=F FZ Z 2P gﬁ%—“" Osawa, T #
91 blackcarrant 2. 5 B~4 2 H residues z_ % B~3r 12 ‘a‘rv#f"é'ﬁ% oA I LR o SN
B A RS LA o L F S N R ILG " [l S B ik E‘E o By oo
7 bioactive compounds )@9 FEEEIEE ¥k iftu; WA SR Y AT A

WiE DR EFEY CAETHEER
# R #B 7% ** Food Science and
PR 2 AR AR v Y

z
%

34

e&wﬂ:ug:

68




phase Il fi¥ % F4F 3+ % I &L - % 4 % Monica Ginsti, M.4 4} Antioxidant, UV protection
and Anti-photoaging properties of anthoayanin-pigmented lipstick formulations, and their
penetration into the skin » # # # 3524 Antioxidants 2 UV-protection p¥ » # 12 DPPH radical
% Tyrosinase 4|2 1% 5 FF 33t - LH RN > Frilwe it RfF k2 2 L

PR o g ;%?F%g% X Gill, C # 1! The potential anti-cancer effects of novel raspberry
phytochemicals p* > V 444 DNA 2§ 1 18 % 3434 raspberry & Fufpid2 @Az - £ 39 1
IR F] AT apoptosis £ necrosis ? H Fiz T e B X APE Ak AR 2o
Rt o B s - 32 d New Zealand Institute for Plant & Food Rosearch Limited 2. Carolyn

Lister & 1) e & > o5 % 2 1&753?51;«*::;;;;: *%;fi;fﬁ;(CIaims)?’r;iﬂg CBEA S T
3g®d R EP W h»i%% Sl fo2d G L By A2 eu}vvnﬂi;a”ﬁ%

B B Al 20 ¥ 0 B 9 By 0 3. 7* L5 Flend ®agyyg o

EN H o mﬁ*fﬁ ~ 42 P % Vasodilative effect and angiotensin converting enzyme
inhibitory activity from selected dietary phenolic compounds » & 7= ## & » ¢ 42 # % &
Tsuda » # #& Haris » 2 ri?ﬁiaﬁi—"ﬁﬁ;ﬁwfé:r;%? FELAPF oS HETEFAR
ST L e

ZESGHE o ST IT 85 Sr A R 2 S KRR Y 20 4
WAL > ¥ bR L 2 reception party R frEr & B F T ARty 2L PR
g Hrh 2 2 n ’i'ff XA AKRKEFEYL NG TR o

o

4—-*‘ =

SN FERHTER

The effects of 14 selected dietary phenolic compounds, including three flavones, seven
flavonols and four phenolic acids, on vasodilative effect and angiotensin converting enzyme
(ACE) inhibitory activity, in vitro, was investigated. The results indicated that all the phenolic
compounds ranging from 0 to 200 uM, except gallic acid and caffeic acid, show no
cytotoxicity to SVEC cells. Of the selected dietary phenolic compounds, myricetin, quercetin,
rutin and chlorogenic acid demonstrated significant induction in the levels of NO, PGlI,, eNOS
and COX-2. These four phenolic compounds showed marked inhibitory effect on ROS
generation in H2O.-induced SVEC cells. In addition, these four phenolic compounds
significantly inhibited ACE activity. Enzyme Kinetic analysis revealed myricetin and
chlorogenic acid are non-competitive inhibitors of ACE. The vasodilative effect and inhibition
of ACE of the selected dietary phenolic compounds is associated with the structure of phenolic
compounds. The substitution by more hydroxyl groups or the presence of hydroxyl groups in
the B-ring of flavonoids and more hydroxyl groups in phenolic acids enhanced vasorelaxation
and inhibition of ACE. Taken together, these structure-function relationships facilitate the
design of new antihypertensive drugs based on phenolic compounds.
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The effects of water extract of Djulis (Chenopodium formosaneum ) (WECF) and
its bioactive compounds on alcohol-induced liver damage in rats was investigated.
WECF and its bioactive compounds were co-supplemented with drinking water
that contained alcohol (30%) at 0.5, 1.0 and 2.5 mg/kg bw, respectively, for 90
days. WECF attenuated oxidative stress by lowering lipid peroxidation, reducing
cytochrome P4502E1 (CYP2EL) activity, enhancing catalase activity, and
improving histological architecture of rat liver. Rutin, kaempferol and betanin at
1.0 png/ kg bw significantly inhibited lipid peroxidation in rat liver. Moreover,
WECF at 1.0, 2.5 mg/kg bw and rutin and kaemferol at 1.0 pg/ kg bw significantly
restored glutathione (GSH) in alcohol-treated rat liver. Rutin at 1.0 pg/kg bw
significantly restored superoxide dismutase (SOD) activity. These results suggest
that WECF has a beneficial effect in alleviating the adverse effect of alcohol and
may be a potential anti-alcoholic agent for treating liver injury.
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Background: Hyperlipidemia causes to the crucial risk factor for cardiovascular
disease. The aim of this study is to investigate the effect of Djulis (Chenopodium
formosaneum) and its bioactive compounds on hyperlipidemia in high-fat-fed
mice.

Methods: Animal experiments, determination of plasma total cholesterol (TC),
triacylglycerol (TG), low-density-lipoprotein cholesterol (LDL-C), plasma insulin,
leptin, oral glucose tolerance (OGTT).

Results: The mice were fed a high-fat diet for 12 weeks. TC, TG, and LDL-C were
significantly lower in EECF at different dose (10, 25, 50 mg/kg bw), Rutin (5
mg/kg bw), betanin (5 mg/kg bw) and Quercetin (5 mg/kg bw) than in high fat
(HF) group, indicating hyperlipidemia was alleviated in EECF and bioactive
compounds groups. Plasma insulin and leptin of mice in HF group were
significantly higher than those of mice in EECF at different dose and Rutin,
Betanin and Quercetin groups. In addition, in OGTT, EECF and Rutin, Betanin
and Quercetin improved glucose tolerance and ameliorated insulin response at 60
and 90 min in mice.

Conclusion: These results suggest EECF has beneficial effects on hyperlipidemia
of mice induced with high-fat-fed diet, which is in part due to the bioactive
compounds present in Djulis.
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Background: Hyperlipidemia causes to the crucial risk factor for cardiovascular
disease. The aim of this study is to investigate the effect of Djulis (Chenopodium
formosaneum) and its bioactive compounds on hyperlipidemia in high-fat-fed
mice.

Methods: Animal experiments, determination of plasma total cholesterol (TC),
triacylglycerol (TG), low-density-lipoprotein cholesterol (LDL-C), plasma insulin,
leptin, oral glucose tolerance (OGTT).

Results: The mice were fed a high-fat diet for 12 weeks. TC, TG, and LDL-C were
significantly lower in EECF at different dose (10, 25, 50 mg/kg bw), Rutin (5
mg/kg bw), betanin (5 mg/kg bw) and Quercetin (5 mg/kg bw) than in high fat
(HF) group, indicating hyperlipidemia was alleviated in EECF and bioactive
compounds groups. Plasma insulin and leptin of mice in HF group were
significantly higher than those of mice in EECF at different dose and Rutin,
Betanin and Quercetin groups. In addition, in OGTT, EECF and Rutin, Betanin
and Quercetin improved glucose tolerance and ameliorated insulin response at 60
and 90 min in mice.

Conclusion: These results suggest EECF has beneficial effects on hyperlipidemia
of mice induced with high-fat-fed diet, which is in part due to the bioactive
compounds present in Djulis.
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