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Abstract

Sweet potato leaves have been consumed as a fresh vegetable in many parts of the
world. They are rich in vitamin B complex, B-carotene, iron, calcium, zinc, and protein.
Recent experiments revealed that sweet potato leaves contain high contents of
polyphenolics, namely anthocyanins and phenolic acids, compared with commercial
vegetables.

This study was aimed to evaluate the antioxidation activities and alleviation of
insulin resistance of 70 % ethanol extract of leaves of 3 sweet potato cultivars, TN 64,
CYY 98-59 and CN1927. Sweet potato leaves were separated into 2 groups,
lyophilized and 40 °C air-dried. Afterthat, they were extracted with 70 % ethanol at
25 °C. The antioxidation activities tests include total phenolics assay, a,a-diphenyl-
B-picrylhydrazyl (DPPH) scavenging ability, ferrous ion chelating ability and
scavenging ability on long-life radical anion ABTS " were performed. The in vitro
anti-hyperglycemic activity of the extracts was investigated using glucose uptake test
in FL83B mouse hepatocytes. The fluorescent dye 2-(N-(7-nitrobenz-2-oxa-1,
3-diazol-4-yl) amino)-2-deoxyglucose was used to estimate the uptake ability of the
cells.

The total phenolics of the extracts was determined spectrophotometrically
according to the Folin Ciocalteau procedure and ranged from 198.49 to 603.09 mg
GAE/g DW. For total flavonoids and total anthocyanins, the values were in the
descending order: 0.30 > 0.22 > 0.20 > 0.05 > 0.03 > 0.01 g/g DW which were found in
TN 64 > CYY 98-59 > CN 1927-16, respectively. With regard to the results of
antioxidation activities of ethanol extracts from leaves of different sweet potato
cultivars, the antioxidation activities of lyophilized of 70 % ethanol extract CYY 98-59

and TN 64 were significantly higher than Trolox in ABTS " radical-scavenging activity



(p < 0.05), EC 5o values were 8.72 mg/ml and 7.64 mg/ml respectively. The evaluation
of ability to chelate ferrous ion showed that 40 °C air-drying of 70 % ethanol extract of
CYY 98-59 had lower EC 5 value (3.98 mg/ml), on the other hand, lyophilized of 70 %
ethanol extract CYY 98-59 and TN 64 had higher scavenging activity on DPPH free
radical with EC 5 values at 4.11 mg/ml and 4.02 mg/ml respectively.

The cell viability test showed that the ethanol extracts from leaves of different
sweet potato cultivars have no cell toxicity in concentration of 1 mg/ml. Results of the
glucose uptake test in the insulin resistance cell model indicated that the highest
improvement can be achieved by the 40 °C air-dried of ethanol extract TN 64 in PBS
buffer. Compared with the control group (TNF-a treated group), the ethanol extract
could increase the glucose uptake ability by 57.72 %. Next is the lyophilized 70 %
ethanol extract of CY'Y 98-59 and CN 1927-16, the percentage increase of the glucose
uptake were 46.25 % and 43.84 % respectively. However, the results did not show that
ethanol extracts from leaves of different sweet potato cultivars promote the expressions
of insulin receptor substrate-1 (IRS-1), insulin receptor and glucose transporter-2
(GLUT-2).

In conclusion, 70 % ethanol extract from sweet potato leaves has potential on

physiologic effects as antioxidation and anti-hyperglycemic agents.

Keywords: Sweet potato leaves, phenolic acids, anthocyanins, antioxidation activities,

glucose uptake test
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2 ArE I XL Fev a4 K (incidence) % F 7 ¢ (prevalence) it P-i# crid
fvd o TR 2025 EX R EL R 2 R=2FFEIRL O EY B TG F 2

>
i‘g]#%ﬁu),% JRECEEY 2 LSk HE g gt € folg A AL ARRARE - T g R
R R B BETE B o B ook o oo 139504 F 3 (B2-1) » 5%
2012 &4 A R FY O RE LR 4 SHBEARCRER L F 5 R A

Foppeht vid 0281 4 > Lk 23 25 &ﬂﬁ“%i})}% BE ARG B i e 4 ©
S fepp kP b 2 foB R 0 ICD %A @A SR RFIMG 2T L

I R T S i g AR TR 1 E P S 601992 £5 700 § £
STRE D COBE AR A 0 W PR R R A U ih 2.8 % e AP AT RN 0 5.8

%o ¥t B AETTABRGBDRTY 95 920 BE A 4 Ejggﬁ%ﬁ%’iﬂ
50452 BE A A FEDY FR G 466 REF A oL e £ S50 1998 & - &
A /Ropm % B EgRaicg ~u i 48% fr 52% 5 H Y o MM opOE &
TR BT o fomop e B Fop 2 R FARBPTTE R A § i 64
R BP O IHARRRLYOETED (FE2EF 5 F ) R2ZER
FRTEE F 12% 1 & £ 0 F R ET R A hEB TR KA
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Figure 2-1. The top 10 causes of death in 2012.
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PR EAREE RIS R o B Ak %’*ﬁmﬁﬁiﬁﬁwmmboa
GV 4 - e Al B AR ARPTREFEILE R o VR R Y F
FHERGRL > DEMERER ARILE IR o FRDE O B R
» U E e i P R BEAR AL ¥R o0 g Faha B e
Ak A P et s fisme 2 ¥ AT RO E o v hiET i
- PR TR A e il R B ST~ et o A S
MG 2% f F P (W% 5 F R AR AoR) SN e iR G RS T
P (do2iih § & R A OR) % FFE B et A 4 2 g b A
o RPN R s Fed TeRCR T SRR A R R -

(= )W Ffofs » 57
Wopmas sgeds 0 % L AR ~ % 2 A AoR ~ B v AR 2 4k

—m] o
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Table 2-1. Etiologic classification of diabetes mellitus

AR E B o ¥ %5 FRHEL
p %8 4. % (autoimmune)

43 % (idiopathic)

P2 AR (PR ACE S AIdis 3 B AR AL 05 1k
PSR ENE LYY D

B mPe 5 gy chk Flik 1

g % T gk Tk

MR A G R S R IR S g~ R

4 3% o - Cushing’s syndrome > acromegaly » pheochromocytoma

hyperthyroidism %

R 4= TR

F DL BALA

B v i FAR MOk R
YR LA A

(American Diabetes, 2012)

Bm’*k%#%ﬁﬁﬁf%’ L oikedpo MEE B R 2R o hg R A BﬁHﬂ}
ok B RS § ikl - A RBORE § iR 2 F (RIRZ) 2
i B0 E R R (A #E) L < 115 mg/dl 45i5 @ o] i L < 140 mg/dl -
FAIRT AR fj}‘u? DE S AR
Lo EPRIRIE i g (k308 F A e 4F) R 200 mg/dist ru b e
gﬁﬂﬁ%%%iyﬁ#(éﬁg%‘g%‘%%~@§1%§ﬁ%)°
2L B S = 140 mg/dl & s o

o
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3. AL <LA0mgldb T TR TS 2R FE M (FF R )
2 ] P e v g R 200 mg/dI & v b e b 3RSk EATY § - = s HE A 200 m/dl
E\;J‘j F o

%22~ R TR
Table 2-2. Criteria for the diagnosis of diabetes

AlC = 6.5%.
The test should be performed in a laboratory using a method that is NGSP

certified and standardized to the DCCT assay.*

FPG = 126 mg/dl (7.0 mmol/l).

Fasting is defined as no caloric intake for at least 8 h.*

2 hrs plasma glucose = 200 mg/dl (11.1 mmol/l) during an OGTT.
The test should be performed as described by the World Health
Organization, using a glucose load containing the equivalent of 75 g

anhydrous glucose dissolved in water.*

In a patient with classic symptoms of hyperglycemia or hyperglycemic

crisis, a random plasma glucose = 200 mg/dl (11.1 mmol/l).

* In the absence of unequivocal hyperglycemia, criteria 1-3 should be confirmed by
repeat testing.

(American Diabetes, 2012)

Do RS CIRTS2 L F R (5 e R 0 2 b ek
BT 140 2 200 mg/dIfF o 4e b iRBeiEAZY F - =0k EE 200 mg/dIR L b
P A F R 2 N N BRR PR - AR AR S IR
¥ AR JE TR R o & k> ERBRRE § R FL RIR
B 24-28 WP GUEIREAEROR R o A AT L 5 bchiB 50 2 AFF
B bk (- ] Bk o ek i 4B 140 Mo/l Rekirie - i e
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100 25§ F 388k o > B4 AT A chiB KSR - ) PR -
WL ek R Y § - ARG R (0-122 2 3R
4 %] 21105, 190, 165, 145 mofdl) » 7 5 %7 5 dx b b cf « 4E AR LA O o ¢
AAFIZB PN BZEATRE (75 25§ M E E%R) > mEp @ i
Fostk i 4 B 970l B MR R RS T 7 B UTHE o e & £ B 51 0E PR gl
SR
(1) ZELAEW L AT LB ETR IR
(2) WA IS A is ¥ hm LB BT
(3) * kT EF F AL 2 o
(2 ) Ffofs & 4 in
F 2 AR R R EP ke R 0ER L A AN A
i AERE FRIALF T o 53 3 B BRIk L RS ISR ¢ 45T IR
FrpER ARG R R EE  FRITRILL 0 FRIVAFREY VR
FAE o % o T RFME R E N 0 R BYR A DR S MR
SR ERF R Bt 2 RlITF X FE A L FRFEFFEIYA
BEF LR o dek AE DR PR RTEBRY - B RERY AT REUE
f]\},%%i e/ AEL S o P T FR#E#%@:}%%&;EL T T A LTI 4
57
1. g7 (biguanide) : B #F B ¥ & ¥ AR A E- 7 Y (dimethyl
biguanide, metformin) > A & i€ * S 0 SRR GO oy 1 ot 2 0 AR
e & FlgE g Renh et 3 R M E 1 20% o 4 PR* metformin
g AL GRS EINA I H 3 HE R (v o Metformings ¢ 328 a 4
% B12 awr i €3¢ P (Baileyetal, 1996) - Metformin fe# v e
T Fl?iim‘i“]l%fﬁé?—*#ﬁﬁi B2 gRIAE P HPIRY RSP M
2. W35 § 4 & A (insulin secretagogues) : P w L EEE S § - fE (a) AR
(sulfonylureas) : i & iT% § 233558 B ‘wie SR iRk E XML > TE% g %
Al o FEPRPRE ARG AR A H H A HA S B SRS frd T AR
AR ANFEY - Azd TR/ FEE RN F TR NG 2p L 0 R YR
ik P ¢ DILRRPE (5% B 5e ~ PRonat £ oI o SR B Rl M

WEehE A o THA A AP RGEEELR Y Q) TRERE OB RAE (Ml
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chlorpropamide) > 4% & Jf @ * i & > PIRFC EHE ~ SF B o oBE
B AR 2 o RAERE D LR U ER oM S ¥ R M
TR HEEL TP RI 2SS EIFFLLL G (D) AR
% (meglitinides £ glinides) : 375 repaglinide - nateglinide = f& - 2 &
T i § LR fwmte P BERAE X BN 2 RIS S TR E F op

A feR R AR 0 HowojTad - v ERRGE S FIL TR IRY o

3. F FMHpsFrH1H (a-glucosidase inhibitors) : A & 7% & T | % Frdlikfs

JrBEpET A 20 e a W EH T o LA AR T 0 T MR S e
b FER > RTEx gk R dom fiePkE fv metformin s H fhié * £ 7 €
M A # Y AFL S B AR RS ER e Fr AL EF e R
BEE DR T o A AIAT R § B AR B n A 2 AR
(Chiasson etal., 2003) » e B $f:< w F A p gl R G B L &- H SR o s 2
PR SRR IR o e R R R HPE (Bl

FAENEI) ood A ERES S PE blde BRE (FI5U4EAF (lactase) 7
£ A o L B AERE (sucrase) B g = DHedl) o

§ % H#AcA| (insulin sensitizers) : 3.5 pioglitazone {- rosiglitazone = f& -
T s 5 % I PPAR-y (peroxisome proliferative-activated receptor-y) » #f 4¢3 v
NEER R tlaat 3 ) NN e R N T A S Ea 0 S RLl) B R
§ % kB (Yki-Jarvinen, 2004) « ¥ L@ (e R E R 4 - WRFT - Bk
A ER R BT o W Y BT R B RAR RO R KR NG E
v R B e e Tk (Kahnetal., 2006) > 4% A o ) dhop 4 RV
FE A BER D H 2 AR v b)) (Yusuf Setal, 2006) o #% & F 3 SR
TR R A A RAT G R A H Y L AR LR et £ 4 0 R
FPEFLG R ARAOR L E R o
. = PR pF-4 4] (dipeptidyl peptidase 4 inhibitors, DPP 4 inhibitors) : # %%
% (incretins) ¥ 24 &P F F 4 0 @ 3547 #5 % *<-1 (glucagon-like
peptide-1 > GLP-1) f=§ % #%& % 4§ 145& § 2 1 % *< (glucose-dependent
insulinotropic polypeptide » GIP) = #& o &4 I H§mT » GLP-1 v GIP § #-i¢
i DPP 4 -Kjz= 2 Bl chA st c DPP4 & =3t mfe Wt hj-v o it 59

hithehesmd A0 ¢ F£ LA w% (Richteretal., 2008) - DPP 4 | & -
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=~ Bg.% -I%

AR B2t 5 o Pl Rt 0 - iRt A I B Ak
PRER A cHpTma WA b enfhd b A d (B e iR /R R
ﬁﬁ)‘%%%ﬂ“%ﬁ(”%‘“##%%@%éi%%%mﬁa~%¢¢mﬁ
%Rk £ (incretin) TE A B SRR o e A e R R B e TR 4
FEEE L S oG ih ) B f s A slAs I B h el v NSRS A & Pakeh
7 (Defronzo RA, 2009) » # 1w ehys 18 3 I8 5 3 finf 5% § & Aok & ok § %
Fefie 35 G & H- fhd SEURB Gnte STA RIS VR F AL F e R H T F
B e R IS 0k 5 o % 5 B A BT AEA 3 % 60 B
Pdufedp ek § R 40 B - F B F #RE 2308 ok (Taylor, 2008) © sz i
SHGLE SR LU R RS S U IO A R A
RmS¥ CEF R B Zp it 2 s KR AEAM R AR B A
ﬁﬁ%§ﬁ%ﬁ’gﬁﬁgﬁﬁﬂiﬁﬁ%%iﬁ%%(&mamjmao
()% 25 0%

TELGE G wEE B > T F (upstream) > & T 25 (downstream) o ¥ § &

Wé&

et 57 R% G 232 % (insulinreceptor)e ¢ 425 B ot H ~r A B B H
AoaxHARL Bhmedn A B L BB 0 LB mie p
h B=i > H 75 tyrosinekinsae =4 0 B AR EF - R s IR
B T tyrosine & 3 Fw oo A4 Bipc it & & (phosphorylation) - & COOH =%
+entyrosine A2 4 p BgEpc i+ (autophosphorylation) » R § & 4w ve & 4 en
% o0 B AR BLILATF & tyrosine &+ o A 4 pRpeis > A MHE T

mp,\\‘;ﬁ_ £ 4 o

ML FANE FRIBIREFCSEBGE DI THMERE FEER
(insulin transporter) B > H3& 5 Zredng ML § 2 G E B 4 50 B
GLUT4 (glucose transporter 4) » 4+ 2 GLUT4 > Rl § F#E=5jc? 2> ¢ 2 4% §

% re 4o (Pessin et al., 2000) -

TFaRRE 2 - LEE% S & kT o € PI3-kinase
(phosphatidylinositol- 3- kinase) =i+ » GLUT4 o fmie p 4 3 w3 B % ¥ §
FAEd mie N Imie b o M R IRd o 40 Pl-3-kinase # v 0§ F @K L
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T f]*u%"ﬁ: i# 12 o PI3-kinase i®* = 2 — &_ protein kinase B (PKB » +
L AKT) > i %% § % 3% B & serine/threonine & & 4 BipL 1 o

WL AN AR BLBE A G RIPEE . BE R B E
R R B AR BF RSN S Aed £ - AT AT
2K B FRAFIERRTFZ > @ SWIRAR A 0 4 A 4% IR
Beodh B 2B BEE ¥ S AT E Bt AHEF T A L.

Insulin
receptor

G2
e\ TR mmmnwsm 32
o mms %fx&wm W

. c& L Glucose &%
\H o= Mitochondria _ 2
Glucose . N =
Glucose~6 P ) Q_) Pyruvate =

Glycogen

/1 \ Cltrate
Stimulated Inhibited

Glycogen ¢ by Insulin by insulin NG

Gene expression Acctyl -CoA

y @Y
SREBP % Malonyl-CoA

Acyl-Col

Glucose

B]2-2. s:r—»?;gé E E NHHITY 2R
Figure 2-2. The regulation of glucose metabolism in the liver.
(Saltiel and Kahn, 2001)

5 % < % (Insulin receptor, IR)

HhERE S - RO e ) SR 4+ 0 1§ tyrosine Kinase 7F
> & 3£ insulin-like growth factor (IGF) £ insulin receptor-related receptor (IRR)
(Patti and Khan, 1998) - 5% § % < % 5 % § fit efis jgcfie (receptor tyrosine kinases)
?oih- e poE (subfamily) R R e Mz pERY 0 ARG AR o <H A2 B
SR s ERYIES BN SRR R LIS E YRR S R LR
o= P =xHE A~ tyrosine ehp #mipk it (auto-phosphorylation) @ 514 fm¥e
T fPmA B e 0 2 SR ML L B A RE BPLT

18



% insulin receptor substrate 1-4 (IRS 1-4) ~ B-adrenergic receptor % adipocyte
lipid-binding protein (ALBP) - 2 ¢ IRS-1~2%273% § % % ® auto-phosphorylation
M OAREERL T o g 2 T A L B b e s B 8L (Satiel and Kahn, 2001) -

2.% % % < BAE (insulin receptor substrate, IRS)

Pabe drih b AR B 10 4 ARy T B R AR
3 w3 v * on pleckstrin homology (PH) domain » # ¥ #%3% % phosphotyrosine
binding (PTB) domain (Klaus et al., 2004) - # ¢ # % #5IRS1~IRS2 -~ IRS 3%
IRS 4 (Pessin and Satiel, 2000) » # # p| ¥_ Gab-1 - p60%*~ Cbl+~APS % Shc i
A4 o ol By FHAER S AT NABRT FIRIRAS T 0 A E R AT PFRID
(Marchand-Brustel et al., 2003) -

3. § 5 ##E 3 (glucose transporter, GLUT)

FEBEER £4 - BAFH (genefamily) #4242/ %> A4 f8Y 40
F R E R > H w;,? o- YRS (a-helix) A& 7 AR e R A
bR BRGR B RN RS T BRKEH  F§ §REE R o
C =g N =% =z s ] (Olson and Pessin, 1996) - x5 2 DNA & 7|5
2ER Kb Lo P o FREERY X3 12 60 =B A YA GLUT L
GLUT2-GLUT3 5] GLUT12 £ 4 12 B E 7: i fenke & B 484] (functional
isoforms) » ¥ s i3t e ;Fkrmv\ TR EENL A ERXBOE - BRSO
£33 cGLUT1 4o GLUT3 § # A& T F##E» » v 1 hinre wt cnficd 2 £ 9%
§ETlgea He 0@ GLUT 2 A& 5 &35 ~ 45K B im% ~ | B A0 im % &7
TopF b L mre P o TR R e @ GLUT 2 & Fa%,%.,a*p 5 Km @y
% #EgcpF (glucose kinase) £ a5 TH FHRE LB | F e ¥ A R%E 2
BIE A RPN 3LEE T A% B me? b GLUT2 ehit* gIv 2 &
2w ED & (4K, 1997)

FHASEL L Fredi Mk

L F AL RIRRE L AERR > AT A SRR AR I 2 B AR s AR
g S BRI e fenE e &5 glycogen kTt dE AR A

s £ =0 glycogen g0 50% 0 4xis dvep & = glycogen ek b o B % 2
ARAop A AL %G FIEf Mo % 2 BAR L § S BEEARARE R &

glycogen &> 50 % # F A @ AL IPLE 2o S5 3 8 5 L2
19



&_glycogen =& = > L B % 4 jgarR 0 ¢ glycogen & = ¥ o x ¥ od A
EAU o R R e T § F MEAL 127 2 (glucose intolerance) o % 2 A
Whop A 2% G Ry o AR R IR S RTHETET 0 R
Foovek Sz BB FER RN (WA plerr) o RILE PG iRR A pE 0 e
P RS o FURERL S s BB T R R AEEE ) g iaEY V{8 e ) A
43 R L (citrate) 0 v g -

FREAHIIE RFIESLE Frefcimie A E > 2 & FYE % g1k 90% -
HAZFFH LH=] A0 F &BaY S & 1963 £ - 4 Randle ¥ < 3%
doo A iE 0 BB > 1996 £ 4L Roden % A dufs o i g R REL R B 4o o

$rd] PFK &2 G-6-P cafpsi4e » & §

5§ % T e oo glycogen & = X R0 50% 0 F F AEEE AT £ T
el o 2 F Lvp s glycogen & SARFrd] 0 FF AR x AR o g
A 5 e AL o B 5 Fmre N hme SR 0 A4 AR N B 0 4

diacylglycerol - fatty acid Co A ¢2 ceramides » iz & 4~ Fi& —~ ¥ #r4] PI3-kinase

v REL G AR BOBIEL T e AR FE MBI 2
(2)% 5 R ede
A2 G RIS 0 € BB AR G Rl it PTIL R A Fops e 4

@ﬁi’f‘”ﬁﬂfg’ﬁ;éE%%%f&/ﬁﬁi?i@iéga,,*&f];}%&m24 BB o K
R kLIRS G AL R PEF AR E o Jp A i R g iR A 4

3 ERB e F S 1 (glucotoxicity) S ¥f- s ip M A FIARA 4 BE > ¥
SP|B e ik § F ehnt i o b b REimre N R 1S BT 0 €

G AXMAEL BRI - T BEE I 2 AR RS S foq F R T
S5 EH R FREGL B 2 2 RS § F v (28 40iE 85
%> £ F F 441 * (glucose disposal) Fi#t (Pendergrass et al., 2007) -
IOEROL G RIS AL AR ERS I E TR ok RardE
+}£§i§l M T (GulliG,1992) - PR F RN B IR A
4 (hepatic glucose production) i #:# B L E B £ 4vt n ¥ HEF ] 4o ¥
e ag AR MR AT R 0 fR AR 1S MBS 3 L 43 % (BonoraEetal,
2006) - Fl#t 0 % 2 AR A TR G ER UG AR LI FEMH 0 L iE
B YRy s (free fatty acid) » ¢ 3 4o "% éﬂﬁa:] 41 (Charles MA et al., 1997) -

‘f'%f]'\}?ik %ﬁ”zn\%’“"“ﬁm”ﬁ"‘? b2 _}%ff\}}%}k* gr‘]wn ‘p’gp\ g
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MO AP i F R AL B G R R L B By #i
Hos % 4 Bf%mrﬁg T o ST E P ek G B AR R e N F SR 2 A

WpE & g N2 - o

Insulin
Resistance
AGlucose lnglln
4 FFA =
" Insulin Receptor

—pY
—pY
—pY

&

1 ROS, RNS Q)+

T Oxidative Stress

Reduced Insulin Action

T Other Ser/Thr
Stress Kinases

BI2-3~ 5 LA EiC 5 BRpps g R B B e o
Figure 2-3. The role of serine kinase activation in oxidative stress-induced insulin

resistance.
(Evans et al., 2003)

(2 )% 5 & A idk 4
W h E A% (B e RiT) RS R AT B G e
2954 14 (lipotoxicity) ~ ¥ F 484 12 « g4 w4 (amyloid deposition) % ix_
it B b 4 (67 A ek L T TR 28 1 s g
F A~ asd 4 (Pratley REetal, 2001) < i3 77 3 P oo it &L 45 2 34
R R ALE 80 %k % pR Gt R A GRAel & 2 { JRE (Defronzo RA,
2009) o B dne st i T E 0 B 2 RSO L RS F P I s
£ (mass) # %+ 2 &2 me ¥ % (apoptosis) s +c4p M (Butler AE etal., 2003) -

2 AMEAR A R BB ER AL gL P e AL R 4 o
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FLPsa e BB & s TP e o itk h % het iy (PatanéGetal,
2002) > ¢ 4% 1 PR frs 2 FEELE A LT A 2 o B
B AT YR % REARE © AGER e A 5 2 AR R e
M B wre %::9 (failure) P2 ¥ st 3k A o

(Z )*8% 3% 7 F]3  tumor necrosis factor-a (TNF-o) 2% § % fedn

TNF-a &~ + & 5 26kDa himfe 55 kv > € 2 wmfe it 3 B TNF-a =%
% > pb5 (55 kDa)% p75 (75 kDa) isomers » & & 513 TNF-a 2 3t 4 @ - TNF-o
& TNF-a < % p55 (55kDa) & & 5 » ¢ iii¢ sphingomyelinase 4 % i #5847y
(sphingomyelin) # # # ‘g fgs« (ceramide) % *%£4& (choline) - ceramide + &t gi\‘g
4v IRS-1 serine phosphorylation » # 5% % § 2 £ 8 (IR) £ Fl#rdlm + P45 %
L eI AP okt 2 b TNFra # g 8 8 g Lime ek hA
4 > # 3% interleukin-1 (IL-1) ~ interleukin-6 (IL-6) % interferon-y (IFN-y) %
(Tracey and Cerami, 1993; Vandenabeele et al., 1995) » @ sz 83 & w2 ek » &
% § % 1eduz 5% 7 M (Peraldi et al., 1996; Senn et al., 2002)

TR TNF-oF i 287 a0k £ 4 Pl % = A Ao o0y 3 5 B
(Moller, 2000) » » = 3 = )ﬁ%gﬁ? TNF-o. ¢ *+ #"Fm?2 (hepatocytes) ~ 4 # ‘w
*z (fibroblasts) % ¥ %fim*e (myeloid cells) =% & 2 21 4, @£ (Feinstein et al.,
1993; Kroder et al., 1996; Peraldi et al., 1996) - Moller (2000) # TNF-a ¥ it i =
% b & LR FF AT

1. e P24k B 3 PR R o

2. % GLUT-4- %5 %% ® (IR) & IRS-1 £ 2@ & o

3. IRALL FAT L F R RES

4.  ¥r#| peroxisomeproliferation-activated receptor (PPAR-y) & = o

5 #r4] IR #ipsi- 2 IRS-1tyrosine Aipk i o

6. 3 +4r IRS-1serine/threonine #ips i -

7. # protein tyrosine phosphatase (PTPase) & 14 °

TNF-o 314 c9% § F e8] iv 3 £3% > blde @ 8228 TNF-o ¢ @i % § %
% ® (IR) }+ tyrosine kinase /&M% 4 - i3 & IRS-1 Fips i 42 & & "%
(Hotamisligi etal., 1993) > = ¥ 3 # % 4p i TNF-0 § & = IR~IRS-1 & GLUT-4

# £ 1 (Stephensetal., 1997) o ¥ - i F F 35 - 82X TNF-o ¢ " 1179 5% w2
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s & flgceh glucose uptake £ IRGE Ty [ R IT Y o [ vak L AR A 4
TNF-0 £25% § % fE A, & B enfd (2 (Byrne, 2000) o

INSULIN TNF-a
Inhibition
of Tyrosine

Phosphorylation l l

IRS- 1——-

‘ Ser/Thr 4mm
Phosphorylation

Transcription t J
attenuation :- Vi GLUT4 gene //

Bl 2-4. MR M FI5 20 A g

Figure 2-4. TNF-a induced insulin resistance.

(Chen and Philip, 2000)

()1 P BOVER SIS § R R4

TNF-o ¢ #AFEF € F#%F F L B8 > A B> A BBpI%L ) F 2 i b
#F HEESAIT (Hsu et al, 1996) o ¥ b 7r 5 &5 1% M 7h = L Fwic % &
PR A1 SRR U R B RS PR G R Idimie 2 AR e
1. #5399 (adipocytes)

CRERVNC LRI W LA/ LER S B LA E LSRR - Fakep
TEMEE A o FF P L RGN Y 0 R IR Y e R A E
B E Tk £ % § F 4oy 9spL 1]k (Palmitic acid) ~ TNF-a~dexamethaone

v S B %Y Ffut (Hoehnetal., 2008) - H @ 113 g %27 TNF-a 3% 9
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B4Rl €M IRS-1 end mE > Fla 337 5% 5 20 4 @ uiEe s
dexamethaone 3% % FEfucid IR 5 8 1 AKL B5pe 1t @ 5 GLUT 4 #fmo e
F 52 1]%#;] o Rpdplmie NE ey AR AE L F RIS E ST TLRA
(toll-like receptor 4) @ fxd=% L & J& > TLR-4 frgirlmfe o it g 5 X Bdn g =
£ % 3 (Song et al., 2006); TLR-4 #&7& i 1 ¢ #7510 NF-«B @ {3 ™ 24 %]

: TNF-a ~ IL-6 ~ COX-2 ~ MCP-1 % 2 &} 4 » @ 5 # TLR-4 %Yﬂﬁ‘]“ffﬂﬂ
B AP R 5 G Rt o lwata ¥ 4 (2001) ¥ R - fERL G R TR F
¥ pioglitazone (TZD - #) a2 TNF-a %% % § % 124z 3T3-L1 *q %
"z 5 &% I pioglitazone ¥ i fpi5 e IR~ IRS-1 tyrosine g i 22 Pl3-kinase
BRI K o ed e § R AR S
2. ¥ %% w (skeleton muscles)

BAMC IR FAEA R MR B A 40 70~90% hf F AR R
Foife? § R MANET AR e chi FAER]MOFEEA N0 SFRE S
> REAR Y F R G R D 0§ AR e 8 e T DR & h et S
T #: IRS-1 ~ PI3K ~ PDK-1 % Akt/PKB (protein kinase B) » /& it e53 PKB ¢ #-
GSK 3 (glycogen synthase kinase 3) ##pi i > 4 GSK 3 #mips it {64 4 Fa
% € # GS (glycogen synthase) p Agipcit s it LR SR T ch% FE & 0 5]
PGS A A B YR N f‘%ﬁ.’# hFimie & B g dmre ¥ o

TNF-o 4 fervinie ch 580w 2 5 % > Del Aguila ¥ 4 (1999) 4 2 4 ¢
TNF-o e d@ovp e CoCpp € & % § % 11 IRS-1 &2 IRS-2 #4437 PI3K &

4 XA @R E £ Feh IRS-1 tyrosine Fipc it E M o T drdh G F FE en
P42MAPK £ p44dMAPK tyrosine crgifiz i > @ 4 B =% § Z e fuanim e #1250
Schmitz-Peiffer % % (1999) #- C,Cyp #©p w2 5 palmitate AT (5 »'& % 3 4
fera sk € %2 e b ceramide (PBK srfrd|4%) 7 £ 2 MAPKinase 7#4% > &
FraiFpE & &2 PKB ergifa it > i sldevep mre 2 4 % F 2 1eda; Cusi & 4
(2000) R4 & > 2 palmitatesd® CoCpp #©p et F B A 2 WL § F1edn > w2t
# B E IRS-1 tyrosine mEph i o ¥ b F73 dp 0 CoCrp 35 interleukin-6 (IL-6)

A

Fd2ts o €% IR #3E %2 IR tyrosine autophosphorylation ~ IRS-1 3 & %

G g

IRS-1 tyrosine phosphorylation ~ PI3K &4+ ~ Akt serine phosphorylation 12 % 3 3

WEHE 35 (GLUT4) 23 >33 & CoCrp % § 5 44 » % 15|65 § 3 1o Jish
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% » @ loperamide P ¥ 12 {k4p F] IL-6 3% orid & g% § % ) X (Tzeng et al.,
2005) -
3. **m® (hepatocytes)

Vi R g2 ke 5 F Y SRR AR AR 5 R e SN et R
FEAEATUREHEEFOE R > 2 2 HITHIAF L P 7 IR
PR R > 2 i (Cheng et al., 2008) o @ MFimie 2 F e - TE L %
EERRRE O TEZFEL I T FE A R IR R
WAk § o > o Cheng % 4 (2008) + 12 TNF-03% % | B3 %m® FL83B %
hAREFOL SR, AL oM RS EER TR AR PR E
FPREARTEHEAPAILER T 58 TNF-adk B H 4o d # 4 > 457
TNF-0 ¢ > w22 5% § & Plpcchy F ik > D i ed G e de ¥ 7%
BoREZ G Ao @ el G o T U 4 IRS-1 R TR MRAR G F IR e
PR E F 2 g iy o ¥ b Senn & A4 (2002) 17 IL-6 R ) B4 (N AFIm e R
AR e R Hep G2 FILE R D g% T2 IRS-1 2 PIBK £
AR B E AL T EASER 2 ARt GE o RS R B
e P BEEE L X FlHrd] o Flptd ) Bae TNF-a% IL-6 7 123 EiFimoz i & dn
o R T2k R IEd o T TR R R U IO S 2
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E Y F
4 & (Ipomoea batatas (L.) Lam.) = #'3= & ~ LE ~ F &5 L g ofl

93

\4-

(Convolvulaceae) ~ 4 % % (lpomoea) > fi d ¥ & 2 & #F{de- &4 & 5 &4 § 4

3 A4E4 o 945 FAO (Food and Agriculture Organization) 2005# 2.4 & > 4 & 3
LR ET SRR RAE L) K2 A #%E 2 4 & (Rumbaoa et al., 2009) -
HEIWLRAE BEAPNEE CEL G Y2 0 BRT TR e
Mg E T > (AR XABEELREFS - HERARDE RS LPFES > 2
B M~ R T Bamd 3 AVB H Clo 4 S AY R A
HARMEEAZA > 2V Fooiasdalh BEIZRAFZIFRDOEES

1;

ettt RAARE - A WP AR TP - A BREE SR AF AR
FHEA (3 0 2002) - EE H F AR TS SR AU R E T R T E Kd R
AESYHE SRR ST A LSRN AR ERH EIIY R AT
B HESRAMES TF Y 2 TSRl o Bl - AT BB £ R
EEE SO o 0 2012 E e A9 31713 2 L4 0 AR Y S 78931 &
WE (S AR % &R 2013) o

Wip o B4 RPERKRTERL DTN > RS SBY 13 s t24 %
W;fé#ﬁrr}fﬁ”&r'f (54 % B %55 > 2013)
1. REILGY B4 - o R O57 B

EEEE > EFFINES > LES L EVTIFEHASZIFEH > F e Frie vz
HANISL EE S S E LS FEE S MR AA BT ¢ &Y
B RE o BB .

2. mefESHESMH - SR 6260
RS ST A REI EL SR F R R 2 HANDL AR T

FEFSHS AR LA R B B IR PR LR IER LS K

% OE LR TRE A F S B G ERe vz AL %

BAd A i d o d R LS 5 BT L B
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LG AR ARG SER Z RA 2 PR 6 E FaTER R
o bR e 2 B3] -

HEEL-Er F A APERET %@ﬁﬂm’vnﬁﬁ%’ﬁﬁ?
Bl T~13 %0 TS LR atitk o HL FHE LA kBB
SR EAZEE AR - (2 01004) o SHE AT LAF LT REES

2AFLHEL L B ARSI RAVAZ PTG HTFHFLF 0 TUHESE
2 b AR AL AL LR T o
HEE? S 372 2B B2 R T BHCEF PR EIRIFT
PR~ MBSO s B R R R X AR ARG Frdl gk (Sakanaka et al,
2005) - Islam et al. (2002) # % =45 &1 > 4 EFfEgde EREE R %J%fpﬁe’ﬁ B2 % o
oo PR LR R B AE 4 2 FF 4 # i o Shimozonoetal. (1996) % Oki
etal. (2002) sF H4 ¥ F & § SRR B~ ubied F#F 12 Frd] ACE #12 - Choi
% (1997) w4 BHE Y peonidin 2 74 £ 5 i o B (1988)4 2 1 ¥
(1988)o% Mk & d 5 1 54 ¥ E v HeFHREL LA+ -Suda % (1999) ¢
HEESTRPLFHL? GTP-GOT &2 GPT z £ - @ E P L REgEI L
Fopgs ey o Park % (1992) # 3+ EHE L Frf| A B3 Finie 2 ko
Yoshimoto # (1999)4p ¢ ' B2 CRE B4 ¢ o cyanidin &2 peonidin £ § 4l R
¥ EForeofnE (2008) % Shihetal. (2009) 45 413 b 52 = i RJLATH 11 € £L
Howbe > TR icE > F T RBHFLRF VA4 c ZAFTHREHIRPYEES
EREV R T R L g A B A ik 40 C et Rl T R
ZEEFE MR LS RS G A s MR IEEHE 2 B
o imF A RPETEY D LEE KAl Kok o NREFRES RRPEF
ZATER WA BFE2 AP B P LA PN P ORTE S TP
PR P e E oA AR AR RS A B I 5 oA

FEAFEF AL RERGE A FF e G L RF R AT E
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10

AL BARREE
A IDET B2 A% ?i?ﬁ*‘ﬁi%’lﬁ ~HAH EF2 Y CRFHEBE &
AL R AR EE o AR KRS b i (40°C) AU > v 70
%L R IFLERAH AFEERRIAFETTZIE I HEHHEECRE
Peife 2 HEE LA 4 gk DPPH pd ghicd 2 4Ry i gt v
AR LGRS et R R e P R SRR 0 DO § F IR e &

EEFRER) AR 2 EE IR o FRE R AT
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HEE

e
v v
it 40°C 44
| |
0% o ff 55
l &k
HEE \3*? B g
' ; !
iy B kLA EREER A
| S LT e
v v |
DPPH it IAE ol 4 v v
ABTS BEF R Glucose Western
Fe®* chelating KR g uptake blotting
a2

Anti-hyperglycemic mechanism:
Insulin receptor (IR)

Insulin receptor substrate 1 (IRS-1)
Glucose transporter-2 (GLUT-2)

W31~ 9 5% % i

Figure 3-1. Experimental framework.
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Frd 2 RSB FEC BERFRF L ERLE

2
— » [y Z

P

=}

¥z G SR AR T L FE Ry LSRG

=

+

EFRL et K HEENFAPFRGEETFF LS EH (Yueetal, 2003; 3

~=ie
i

%,2004; Kanoetal.,2005) - & 5 423 i* ~ & B L AN S 4 ~ G o B~ Fu PR
BEss I - FiEEhI AR F R P p AE A EBRRIEAJIT 2 B
> LA & (Yamakawaetal., 1998; Xieetal.,, 2004) ; e &% #75 % ¢ 4 B E &
FIRTANTEFRATRFAIRF S o ad BFE AR A
TEHEFERF LA BRSO EFE-HRF - AFREY Z B FSEY
EE: (D RZIAFPHEESBLAFZE2 L2EA 50 (2) RITF Fick

BB s 44 T i LT ¢ AR -
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(- )R A
d A E L A ¢ L AR TEAL TR i E AR E LRE
SAEe 7 5 CN1927-16~ 2 P 64 5.2 CYY 98-59 -
(= )RERES
1. Sigma-Aldrich (St. Louis, USA)
Hydrochloric acid (HCI) ~ potassium chloride (KCI) ~ sodium acetate ~
1,1-diphenyl-2-picrylhydrazyl (DPPH) ~ Folin-Ciocalteau phenol reagent ~
gallic acid~2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)
trolox ~ ascorbic acid ~ ferrozine ~ potassium persulphate ~ sodium carbonate
2. J.T. Baker (New Jersey, USA)
Iron (11) chloride (FeCl,) ~ acetic acid

3. Merck KgaA (Darmstadt, Germany)

Methanol

(C)REXA

1. -k 834 (Milli-Q ultrapure water system) (Millipore, Bedford, MA, USA)

2. %= & (Balances) (HR-200,A&D,USA)

3. % # 3w % (Centrifugator) (Sorvall RC 5C,DuPONT,CT,USA)

4. &% » 47 1% (ELISA Reader) (EPOCH, Bioteck, USA)

5. #hk 32'% 1 (YIH DER, LM-590R, Taiwan)

6. & & )k %51 (Rotary vaccum evaporator) (Eyela N-N Series, Tokyo Rikakikai,
Tokyo, Japan)

7. % i# 5 248 (High speed grinder) (RT-08 » 237 » 4 # » 5 %)

8. /4 ik 5ok ¥ (Freeze dryer) (VD400OF, TAITEC, Tokyo, Japan)

9. % »xac k40 & 47 & (HPLC) Pump (LC-20AT, Prominence Liquid

Chromatography, Shimadzu, Kyoto, Japan)
33



10. p #7184 % %2 (HPLC) Auto sampler (SIL-20A Prominence, Shimadzu, Kyoto,
Japan)

11. = &8 5] 58 4600k %L (HPLC) Detector (SPD-M20A Prominence Diode Array
Detector, Shimadzu, Kyoto, Japan)

12. /~ ¢ & ODS Column (Inertsil ODS-3 column, 4.6 x 250 mm, 5 uM, GL

Science, Japan)
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(a) (b)

W A4-1~ 2 F 4741703 By ¥ f8 > (@) & CN1927-16 (R £4) - (b) = &
TN G4 (% ¢ w35+ E) 2 () CYY 98-59 (4 %] 25 % #) o
Figure 4-1. Leaves of 3 different sweet potato cultivars: CN 1927-16, TN 64, CYY

98-59.
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~ R R
(<) 70% © phde 5 4 8

HEEREE BRI FE 140 C e TS AT N2 G
K Rk i i iE A0mesh 2 ik FRlE S B Y HEEF T2 A
BA=1:20 2 v bl 0 02 T0% & RIS FERA 0 £k 1% 1 LENHCI +¢
25 °C T%XP 30 A48 lipis 0 R UAPRAREEFZIERES X o e ipiRiE
TRBRIRAE o Bt R SpR A FOT R 4 R &ELY o gzt <18 TC oo
(CE)Rpt ez ERIT

%% Christer et al. (2000) % Singleton and Rossi (1965) 2. = j* & v& 4c i3 4F »
Bk Ry FEEBSE 10ml EE Y 0 der 2ml FAkE Iml 2
100 % Folin- Ciocalteu’s phenol ##H|:2 £353 o £ F 4 » 5ml 2 20 % Sodium
carbonate {8 » L KR L3593 - R Tk EFE 20 4455 B 200 ul ¥t 96 I
dF o B Ak E 735nm T * kAT RBIE ek E o ¥ & 5 e (gallic acid)
MRS R Bt AP RN IHREEEAT o F-fREFEH 3 T o

(

fu

JEX-E & -k

F=B~ 1259 ks k0 4o~ 62.5 % methanol 10 ml 2 6 M HCI 2.5 ml - 90
C i 2 )P RQFRHRTE 4 °C~3000rpm T A 5 Ak Bt iR o
P18 & 540 nm sx k@ (Geissman, 1955) o

A5t (Asso/ g DW)=AsgonmX 5 B~ 8884 (ml)/ &€ 2 (9)

FEB~ 1259 ok & & 0 4o~ 62.5 % methanol 10 ml 2 6 M HCI 2.5 ml »90
C oy 2 )P RFARTE 4 C~3000rpm T A 5 A dE o Bt iR o
»> 657 nm ~ 530 nm ] H ek & (Mancinelli et al., 1975) -

=5 %72 (Aso-0.33Aes/ g DW)= (Aszo- 0.33 Ags7)X 3 B~ &8 (ml)x ﬁrﬁ

S H & ()
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()4 FE2 prle T2 4nF a4 473
1'% DPPH o fhit 4 %
gAApd Anig g R ¥ Loy f“%’%ﬁ

d # %2 (hydrogen doner) if'f"s ¥ -4~ p d A (peroxyl radical) > ie @ &
PlFrdl s C4AGF 2 BT o fF Tty b o ¥R DPPH kiERiy
ik d s 4 o DPPH 2 ¥ fRia /R & 520nm T 3 fp vk R E 0 R4y PR R
Pk (E g MO B R B N AT ek d i g5 o S 44 Shimada
etal. (1992) 2 # ;2 L 4c iz drz. > B 70l 22 H EEF B > 4o~ 140 pl 378
fie¥ 2 150uyMDPPH-ZF R £353 T3 3 B Tk E 30 44502 (8> 520
nm sl £ T Lo RPITHERKE o NP HBEAFRIT = x> BERE
ascorbic acid (molecular mass=176.12 g/mol) ‘* #& (k& 5 5~10~15 % 20 pg/mL)
gt o

Scavenging effects = [ 1- (#: & F J&{s >t 520 nm =% & & /47 4] 23 520 nm =%
£ E)]*100° 2 7 WELFL > BREF B2 RELIBEREF B2 kE o
m EC s im izt 5 i@ * Microsoft Excel ¥ 72> ;% Forecast 4e 123+ 5 2 o
2 EEIMH a4 R

b5 AEE BT P o Fe’t LA BRI g A e T IR
7o 1% Fe® & Ferrozing ¢éhif £ 4 & 562nm 2 % ¢ F 0 ¥ 4R 54
Fe? ehfc £ it 4 o $ A8 Fe o g3 562nm vk E % K o Rk
2 %P Dinis (1994) % 4 = ;2 4c g ez > B~ 025ml 4 ik R 2 4 B ¥ F B gr
%% > 4e~ 0.8 ml Methanol 2 0.025ml 2 mM Iron (1) chloride - 30 #){& £ 4 »
0.05ml5mM Ferrozine » # % 10 & 45 o i * KRR 562nm 2 sk iE » =%
kg @A TIRSE S TS i 4 g5 - NI HBEHFR L S BRES
gallic acid (20 ppm, molecular mass=170.12 g/mol) " $& -

Chelating effects = [ 1- (1 & & J& {s >% 562 nm v & &/F 4] 23 562 nm =%
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£ E)*100 - 5 7 WAL 0 BR&AF BE2ZRREL oA RS E B B kB o
@ EC o im ezt 5 & * Microsoft Excel ¥ =234 Forecast 4c /3-8 {82 o
3. 3 4mg it 4 Rl (ABTS Rl T 472 2

ABTS fif & chi (& ie* T§ it 2% h ABTS™ > adnd it 5 opd
ABTS ™ thg 4 €4kdrd] > & 734nm & 405nm iRl % ABTS ™ sux % & v jp
s MR R b4 o Trolox - a4 3 E awgind > £ fri
4% E Apifeidnd LA 4 % (FH U FF L a4 g o 4o Trolox
Ry tacd L Lo ApRIRARGIRT o Ho b Fedng it 4 o Hing it 4
4v Trolox #p+t eniz #ick & 7 - %% Miller and Rice-Evans (1997)2 Arnao % *
(2001) 2. ;£ > ABTS m3 @3 -kafE kR TmM> 4 x 245mM 2z
potassium persulphate o #-p* 3R>t 2 B T EN R EF L 16 o R H A S fE T
2 F%¢ ABTST pd fhosRisE e AR E S5 as kR 7T340m T o
ok @ % 0.75+0.05 ¢ ABTS™ 33 3% o 4c » 7 ik & chfE 2 5. (trolox) 2 pl
L gAY AR E 180wl ABTS™ 3 3% » f— A4 d A Lk B2t 734nm
TORIH ek F o s trolox 2 HREA - AR SR E (2 fR) WRlIFE L 2@ ECo
@ et 5 F % Microsoft Excel ¥ ¢ 3% Forecast 4v 1zt & {#2 o
(=)t A 45

A RBRBEHRT L4 TS S SASO.0 T LT FRkEKE T
BiE £ RFHL (mean+SD) %1 > 4% ANOVA % 8 s 474k T E 2/ 2
Z B UERFE X gk F P (Duncan’s multiple range test) kg F £ B LR o

p<005%L5% %48 -
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o~ BB g2dis
(-)7 b & EELC BEPG2L Fo g

3 Y EEHE (CN1927-CYY 98-59 = TN 64) ™ 40 C it frihic 48
BRI 5N E kA I T0% o TR B A 0 B iR RS
A AR TR LB BRES B F 43 84%~418% 2 F (%
41) o AFR P BACHF DR LAILOTIF LI P Y LR
(C)apit ez 2R T

S peRE it &4 (polyphenolic compounds) = ¥ %t 5 - B4t cha 5 A

(OH) » BB tep BA2 i HOlEE T FF A5 57 g e
P R enitr > HA N AP EE AR eyl iiEE L iEr > FIE G AR A
Bm® %o 4R F Arsg (isoflavonoids) ~f=f& (phenolic acids) % # % (tannins) -
T p AR RS ohE £ 2 4 (Karakaya, 2004; Lim, 1999; Kim, 2007; No et
al., 2006) o d VR ESA NI RS> ETE AL d RF RS
FAE T DA P 2 LT 5 A AL 7 HET S /S A B IRE
THRLF A F gy g Py R

Rz B 100gH &Y ApEH S mg iR eI EEA T2 (R
42) o4 A A2 BT g B R R CYY98-59 § F chid s (603.09 £
31.43)» H =t 5 TN 64(380.59+10.80)c 4% » 11 % g2 (4 ik §c'% % 40 C iz
%) %0 TNGAZMERF LR Huwa a0 C ok ALy &' 40
w7 £ (p<0.05); EFHFHNEA0 C o TN6A & A 4 2 %
ok d fr g 4 CYY98-59 % Iy gF 1927-16 @ & - o3 R S BRS¢

N40 C <CYY40 C =CNF=TN40 'C =TNF<CYYFo3F 542 ¢ ¥ 43 0

FEEE G AP AMA TN 2 Hon s BV il TAF T B L s S 2

— e d MHES IR LA AF ST BT LGSR THAMG F 0 2
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i"fﬁ dOR BRSO TEE S PR RERR L - B
£ EE L E 5 5% (chemoprevention) » { ¥ §ie A R A MR FES FAE AP
(Chen et al., 2005; Huang et al., 2007) -
(2 )55 e 2Rl T

R EP LIS BEFREANTRIEEY FZRAF AT @3- )
FlCEdr o WP RAIRE S FEF R F P AT A I o gk
AL Lt F o LA PP DR AR BHILS L 2AFEE S §ARE
B ha2 ZP o bl g BN LG - Bdg R Bk 2 BARRET
g R A o

REMEFENE gHREIEY §F 50 mgEa (£43) od 7 k&
2 B BEFR SR 64 BUR ol 7 7R T ARaE (0.30£0.01
g 4% fr#E/gDW) > # = 5 CYY 98-59 ifizA&u2ie (0.22+0.01g %% ik %/g
DW) - 4% > 13 g (4 dck 2 40 C 42%) » %7 TNG42#h > Hida
end0 C S ASIP R MO REMAEZ £ (p<0.05); EEHEF I A0 T

ol TNGA T KA 2 R~ 8 Rmdrg i CYY98-59 2 & &

B

1927-16 :g = - TR L3 £ S FA 5 :CN40 C <CYY40 C <CNF<TN
40 C <CYYF<TNF-

T AA TR RAEL X RS £ 01 C6-C3-C6 >4k 5. pﬁﬁ’
3T F AP (Wangetal, 1997) B L =4 k% (e A0 %) 2

FEY c EF R ARG B R LF AR S S

—

Be XA RTCF A HMBAHFE LT RLESRE A oF & & SR
FAFs ¥ ExRAFORT 2 - LRFEETE > DG T (Padmavati etal,
1997 ; Sarmaetal., 1997) -

ARG TUEA A S T AT e R 2 AN BN @
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‘e

mE ARG R N H RagEd (56,1998) 0 A R ehiTF A Ko d ihk B A
(cyanidin) ~ # 4= ¢ «h% 2 34 (pelargonidin) ~ F% ¢ i # ¥ 4% (delphinidin) -
PZRATEFERR A A A AR oA d hHEF (peonidin) Ed xB F &

PARLB NG ko K sk d 2 £ (petunidin) 2 JEH ¢ 04 F £ (malvidin) 35

dEFEEF A RLRDT A TAa ko

BEMEFENE gRSICEY $F 5 mgEAan (£45) od AR &

ZRIER L BR W TNGS 54 #d chi o4 % (025£001g/gDW) > # =
% CYY98-59 (0.18 + 0.01 g/g DW)e 2% > 11 % I AJL (£ i 30'% % 40 C 32%%)
%7 TNGA #MARFLEZ o 165 mend0 C irHASLR % K0 A5

# 8 (p<0.05): BT 40 C soh e TNBA £ A3 4 (xS i

Rakre ¥ CYY98-59 % iy g 1927-16 i = — T g’

"
\““\ﬂ

cZE®5EMAE S ICN
40 C <CYY40 C <CNF<TN40 C =CYYF<TNF-
(I)HEFEemlE Py 4y i 33
#1% DPPH f d i 4
B hE toniEAeY AL pd ey TR ¥ Ly iR B
Hd R+ 2w ?’ci%“‘,ff’?a TiEF 4 pd A (peroxyl radical) i&m E 3%k pod
A G F o hdid ita 4 9T 7 o a,a-diphenyl-B-picryhydrazyl (DPPH >
CisH1oNeOs) B d A W44 K& RlFg “ HII|/ELZ R+ guc 4 - DPPH 337 A%
P g A4 R ehpd o gkt 520nm T f B ekTiE o FRIER S
&R+ DPPH pd AFEXTFA)3 7 F 8 & 520nm 2 Sz R Pl ¢ T %% >
Flp oo kK EAR M A ot H ,—Ft"!fg d H g 4 4%35 (Shimadaet al., 1992) -
¥ F Ly F B ECs & WA R4 F & FE S0%:p o AR P4
R SRR 0 @ ECs Efeiffit 4 BHEF 0 o 3 b SfEY B o E g en
DPPH fi d Jhifhic 4 dod 45« § 47 7 b S8 e 25 0 2 B &AL

G BEE 70% ¢ R B4 W B 5 %450 DPPH ;ﬁ'—“ff ie 4 o 2 ¢ u CN1927-16
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2 ECso @it (379 1.57 mg/ml)- £ 77 § ik chifrhic 4 0 fe (il s34 45
e A BEfE (TN642 CYY98-59) F adgF L8 o m & Hic il a4
Wi BB i TNG64 & F_ CYY 9859 trifsc2 40 C §o'% e g s B
Y% 53 {34 DPPH p d %;ﬁ-“éﬁﬁ; Ao P alaFAR S ECy BEA WG 4021
0.19-5.14+0.80-4.11+154 2 527+021mg/ml> ¥ & 40 C % ¥ A &
A fEE N R n g g CN1927-16 1 40 C §o'% B2 & fif 5 B4 Bl

Bprapd Atk 4 > 2 ECg &% 10.73+0.96 mg/ml (p<0.05) - d *

-
=

FEHFIR 40 C s H & TN64 2 CYY98-59 I A & 4 {2+ el o

-~

R pr g 42 I FE 1927-16 @ % - e "4 H ¢ DPPH m/%-“/f P
2. K& LABA S 2 a4 Rl

i@ a-fARAFANESY XA REFLEF T v End Py
REF dofs 5 M & DNA &89 £ i o 4o Fe¥~CU?"~Zn*" fv Mg®" ~
MR R ERCF R P KT S PR S E AT YA AL FeT riiip
d fheni 4 RFenig B ARG Ry 1V iEr G Rd A i e B
& ’;‘gd redoxcycle ¥ s> " & SR & F#FI AT FreanAdd pd Ao T
R FE AT o RS EARRT Y o FeT W LS RS et § A
Hog e HF L iTw chie (7 o f* Fe?" & ferrozine cf £ % & 562nm 2 &
dE o TRIEHRSH FeT I At c FHREKL FeT g, £
562 nm ¥ sk (B etE L o

P > FohiE%1l ECoo imdF > d 2 46 %8m0 3k b2 B
CYY 98-59 e & Ty 43+ i 4 55 (3.98+0.89 mg/ml) » # = &_I; 7% 1927-16
(7.78+ 044 mg/ml) o & fic A2 B eGSR F R 3 B2 AT g pd A
g% 040 C FoHATEARFEIT L F TR RILE F R E DL TR o
TP EELRE (p<0.05) 7 b 5Sf6H EH 5B 42 ECg fEix CN1927-16 -

TN 64 ~CYY 98-59 crfszcie » %5 17.56+3.82~21.52+11.52 1426+ 451
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mg/ml > @ 40 C §5% ¢ ECs i TN64 2 CYY 9859 % 17.85% 491 2
3.98 + 0.89 mg/ml -
3. % FF tac 4 Rl (ABTS Ble a4 32

ABTS Rl A 1 5 - AR A3 * g B ERITS 2, * wakdrs &

R - e BB g (L e 2o

¢

¢ N

B N ‘058

08 s n= j@\ FODMAe | ™= @5 M= m :

B 4-2~ ABTS p d 352 F B3\ e
Figure 4-2. Formation of ABTS free radical.

(Childs et al., 1975)

¢
)

2, 2'-Azion-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) (1)

+e |[-e

¢
-035\@[ s>:N /N:<:’\©\so _

N 3

Radicalcation (1)

disproportionation 2X(I1)

¢
-OSS\E:[ z>_:N/N:<Z:©\sog'
).

Azodication(lll)
Bl 4-3-ABTS § *:BR iz - f5% A4 o
Figure 4-3. Chemical formular of ABTS and its oxidation products.

(Childs et al., 1975)
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195 & 4T chis % B 7 S EEC mEEpY > TNGA 2§ s
1 ABTS p o i’xi“f’ 4 (764+£0.12mg/ml) > # & 5 CYY98-59(8.72+ 0.30
mg/ml) > & S/ 7 ABTS A d A A TakFE LR (p<0.05) om tiz
W RJL 2 et o g A b sc: B A 40 C s> CYY 98-59 2 TN 64
T 53 e ABTS § d Aifif i t 40 C fcf e > £ ECso EA %
A 2155+290 2 9.77£0.18 mg/ml - @ &1 #F 1927-16 > 40 C 37 %k 2P
MEET s ABTS pd fhenic 4 D ECso B F 0 404 i i AL en 1240+
020 + 23] 40 C ' /g2 en 194.59 + 23.36 mg/ml o 4p 3t F B o7 i * ek &
& (Trolox) » 4 FE? cpsigic ¢4 ¢ M2 =F F % T wawijp

g heni 4 o
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4L R R FEFRE (%)

Table 4-1. Yield of extraction (%) from leaves of different sweet potato cultivars

Lyophilized 40 °C dried
Yield (%) Yield (%)
CYY 98-59 34.2 14.8
CN 1927-16 20.8 8.4
TN 64 23.2 41.8
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%427 5 EF2 AR5 £ (mg GAE/MI)
Table 4-2. Contents of total phenols * (mg GAE/mI) from leaves of different sweet

potato cultivars

Lyophilized 40 °C dried

CN 1927-16  339.59 + 4.03" 198.49 + 6.89°
TN 64 380.59 + 10.80° 344.79 + 4.63°
CYY 98-59  603.09 + 31.43° 316.43 + 0.86"

A Each value is expressed as mean + SD (n = 3).

Mean with different letters significantly different (p < 0.05).
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243 -2 P R Y EE2Z AFmE s £ " (0/gDW)
Table 4-3. Contents of total flavonoids * (g/ g DW) from leaves of different sweet

potato cultivars

Lyophilized 40 °C dried

CN 1927-16 0.05 + 0.00° 0.01 + 0.00"
TN 64 0.30 + 0.01° 0.20 + 0.00°
CYY 98-59 0.22 + 0.01° 0.03 + 0.00°

A Each value is expressed as mean + SD (n = 3).

Mean with different letters significantly different (p < 0.05).

47



244 2 P EBHEE2RTF 252 (9/gDW)

Table 4-4. Contents of total anthocyanidin * (g /g DW) from leaves of different sweet

potato cultivars

Lyophilized 40 °C dried

CN 1927-16 0.05 + 0.00° 0.01 + 0.00°
TN 64 0.25 + 0.01° 0.17 +0.01°
CYY 98-59 0.18 + 0.01° 0.02 + 0.00

A Each value is expressed as mean + SD (n = 3).

Mean with different letters significantly different (p < 0.05).
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% 457 SfEd ¥ E e BERH DPPH §d iF14i 4 2 ECs " (mg/ml)
Table 4-5. EC s values™ (mg/ml) of 70 % ethanol extracts from leaves of different

sweet potato cultivars for scavenging DPPH radicals

Lyophilized 40 °C dried
CN 1927-16 3.79+157° 10.73+0.96 ®
TN 64 4.02+0.19° 5.14+0.80°
CYY 98-59 411+154° 527+0.21°
Ascorbic acid® 1.36

A Each value is expressed as mean + SD (n = 3).
Mean with different letters significantly different (p < 0.05).

B positive control.
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#0467 S FECBEP ABTS pd &iffic 4 2 ECs @ (mg/ml)
Table 4-6. EC 5o values™ (mg/ml) of 70 % ethanol extracts from leaves of different

sweet potato cultivars for ABTS radicals

Lyophilized 40 °C dried
CN 1927-16 12.40+0.20° 194.59 + 23.36
TN 64 7.64+0.12° 9.77+0.18°"
CYY 98-59 8.72+0.30° 21.55+2.90°"
Trolox® 21.38

A Each value is expressed as mean + SD (n = 3).
Mean with different letters significantly different (P < 0.05).

B positive control.
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24T 3 b S EECBERSEL THHS L4 2 ECs &7 (mg/ml)
Table 4-7. EC 5o values™ (mg/ml) of 70 % ethanol extracts from leaves of different

sweet potato cultivars for ferrous ion chelationg abilities.

Lyophilized 40 °C dried
CN 1927-16 17.56 + 3.82 % 7.78 +0.44 "
TN 64 2152+ 11.52° 17.85+4.91%
CYY 98-59 14.26 + 4.51 *° 3.98+0.89°
Ascorbic acid® 1.17

A Each value is expressed as mean + SD (n = 3).
Mean with different letters significantly different (P < 0.05).

B positive control.

51



;r N

it

EL
FEK > d A EARd S PLEELHERF L IFAE  EREEFTLP

B e S PP AR E W e~ 2R U BHEY SR PARRE  ER3F S
FBhA  HIRRFIZAME G pd At A g d o - B bl
WrEfey > pd AARPEL o s HEARF I A F pd AN TSR
A AR et A B aEty o R E G HEF DR R o Fl o Ao i)
- A REHT 3 é;:-;%'*,éfo‘fﬁp\x;@% p d G ITH %%%?’rﬁ%ﬂi‘iiﬁi— ° T
¥ EFLF CEE LY oHuangetal 2 %0 A B4 Rk G 4
Bz obookipdiing PR AR PR T2 B URRE R A d AT i
FE a3 £8 5 & (Islametal, 2003; Teow et al., 2007) > * S/ 2 23
PR AXHEREL e 2o By 22205 T2 5 7 PARR g 1ty 4
(Teowetal., 2007) - 5%k 2% PRI SR EE e BRI 2 g 1
$IRAE (o 4-4577) ot DPPH pd 27 ABTS p d Az » S P 642
CYY 98-59 il if o' rdT 2 & 3 o iE m,ﬁ‘—“ﬁv‘ got ooom IABREES AT A a0 A P Ay
g 1927-16 1 40 C oM ARl F B E A S i 4 o R FE a4 et

mox 5 R 64 5012 CYY98-59 & B S fd il io T ek i3 EC50 B 5 7.64

mg/ml 22 8.72mg/ml e gt #t > CYY 98-59 24 i 2% i@ 2 B 5 5 B s 7
£ > # & 603.09 Mg GAE/gDW » @ tidF A s frid it 2 dFens %4 foidfs 5

£ planit > Al 5 B 64 5L (0309 HF MAT/IgDW 5 0259 %5+ %/g
DW):2 2 CYY 98-59 (0.22 g % fk %F/g DW ; 0.18 g 547+ %/gDW) & & &8
R AL B o AP RGBS T A A P RAH ER L BERF G

FRA AR T
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mitochondrial

0, >0,
electron transport chain
o . »  Reducin ox’
40 °C dried of 70 % Red powerg X
ethanol extract CYY98-59 v
and CN 1927-16 o Q o,
l 20 Q
- N—N NO,
Vit C M
Fe¥t —p Fe2+ + HZOZ > HZO @ NO,
: Fe?* -Chelating Ability l e
OH + ‘OH — PUFA +— ﬁ:ee
radical
| DPPH Radical-Scavenging Activity I T

: ABTS cation Radical Scavenging Effect JI Lyophilized of 70 %

ethanol extract
CYYO98-59 and TN64

Bld-4- 2 g FELHBEPFT G FE g 4] -
Figure 4-4. Proposed antioxidation mechanisms of ethanol extracts from leaves of

different sweet potato cultivars.
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FIF AR SRHEFECBIPRHTIRE L 2FH

- W

% =AM AR (type 2 diabetes mellitus) 3 2 & aog oAl - 6 b g M Ak
Bk 00% B AR FFPILRY h B e s kg FER 2L F I
He o o fep FLF AR oD B L FF D AAMBRRE bwied
WE G L RE R pE s XT W EREF Y FRAHEY RSN Rk
BAFEAHAFFBRIFBRLEFRY FAIHEITLBEILEFERR P €2
EPEmp pd Aend 22 g L4 o Rt pd Ad 2 RIS A
427 pepd & 235 d nicotine adenine dinucleotide phosphate (NADPH)
oxidase # = g % 1* $ (superoxide, O )~ #H F#EF i F RAA 4 § pd A
(hydroxy radical, ‘OH) % §d - % it § & = @& (nitric oxide synthase, NOSs) #7#
4eh- §F i F (NO) friB§ LA Arhdps (ONOO ) o s%P chp imie fif L it
P Hpd AAPR AR A B FARBIREA B R E F s LR ERRR
it B ABEE R O Ahd $ 2 F AT i o A P d AR e A
A en R B SR AR BB R A e o Bt § 4R 4 (oxidative stress)
EMERORZE AT 5 F R LEMRE -

d Ay e % h S AR DL R ST AR R mie ik
% (TNF-a) £ %] Bz A 2 9% § & 142 58 fe & 3 5 484~ o
FEHEEFCBERS LR S i ik ~ BEL Y AL BB B T

ARE TR EEC BERS LR B T ] o
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= R &R
(- )R
P eg- o~z (=)
()7 & mve

| BUFER A Pz FL83B R p  American Type Culture Collection (ATCC -
Rockville, MD, USA) -

fRk2 {6 FLB3B mie & - 2 = X FREF- MR L L FHEIR A
{6 > 41* PBS (Phosphate-buffered Saline) i3 i it im®e £ & - £ r2% Jov fis
(Trypsin) i£% j&32 % A G *7 T @b 4 » B %% (F-12K+ 10 % FBS) #7477 &
Fie o #wregiFRel 15ml & FH3Le ¢ > 2 1000 rpm ~ S mins 2 iE 2 3
S B R R AT AR5 Riv e e (pellet) o 3 ficim e i e i)
53 1x10%cells/mleB~ 1ml %5 1 10cm 32 %x ¥~ 5% 37 C ,5%

CO, & mBRZBAMP] - FmT FLB3B wie & I A AR &7 w%F 5% -

1. Sigma-Aldrich (St. Louis, USA)
Bovine serum albumin (BSA) -~ Insulin ~ NaOH - 3- (4,5-Dimethylthiazol-2-yl)-2,5-
iphenyltetrazolium bromide (MTT reagent) ~ dimethyl sulfoxide (DMSQO) ~ sodium
bicarbonate (NaHCO3) ~ phenol red ~ potassium chloride (KCI) ~ potassium
dihydrogen phosphate (KH,PQO,) ~ sodium chloride (NaCl) ~ sodium phosphate
dibasic (Na;HPQO,) ~ nutrient mixture F12 Ham Kaighn’s modification (F12K)
medium ~ HEPES ~ Ammonium persulfate (APS)

2. Gibco BRL (NY, USA)
Fetal bovine serum (FBS)

3. JRS (Lenexa, KS, USA)
Trypsin

4. Invitrogen (Eugene, Oregon, USA)
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2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl)Amino)-2-Deoxyglucose (2-NBDG)
5. Merck KgaA (Darmstadt, Germany)
Tween-20
6. J.T. Baker (New Jersey, USA)
Sodium dodecyl sulfate (SDS)
7. Millipore (Billerica, MA, USA)
Anti-GLUT-2 antibody ~ ECL
8. Gene Tex (Irvine, CA, USA)
Anti-actin
9. Bio-Rad Laboratories (Richmond, VA, USA)
Bio-Rad protein assay dye reagent
10. Cell signaling Technology (Danvers, MA, USA)
Anti-IR ~ anti-IRS-1
11. Riedel-de Haén (Seelze, Germany)
Sodium fluoride (NaF)
(2 )7 &k &pe il
1. Phosphate Buffered Saline (PBS)
8 g NaCl/ 1.15 g NapHPO4* 2 H,0/ 0.2 g KH,PO4/ 0.2 g KCI /1 L & #3 -k
2. KRB buffer (Krebs-Ringer Biocarbonate buffer)
6.9 g NaCl/ 2.1 g NaHCO3/ 0.163 g KH,PO4/ 0.35 g KCI/ 0.28 g CaCl;, 2 H,0/
0.29 g MgSO, * 7H,0/ 3.574 g HEPES/ 1 % Albumin/ 1 L % &3 -k pH % 7.3
3. Nutrient mixture F12 Ham Kaighn’s modification (F12K) medium
F-12K medium/ 10 % FBS/ 2.5 g NaHCOs/ 1 L 2 #+-k# F pH 1 7.3
4. MTT reagent
2mgMTT/1ml 2 3+ -k

5. Insulin reagent
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1000 nM insulin

6. 2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl)Amino)-2-Deoxyglucose (2-NBDG
reagent)
200 uM 2-NBDG reagent

7. Lysis buffer
1.2114 g Tris/ 0.37224 g EDTA/ Triton X-100 5 ml/ 0.5 g SDS/ 0.20995 g NaF/
0.0174 gPMSF # A& pH T 7.4 %5 > 4c-k 2 500ml > #£ %3 4 °C

8.B i 1 A BRI e
18.2 g Tris/ 0.36 ml TEMED +4c¢ 2 g3 -k ml A #%{ » 2 HCl # pH % 8.8 ¢

333k E1100ml 2% 4 C

g

9.Ci : E R WHE% rk
6.0 g Tris/ 0.4 ml TEMED 4 2 83 -k 4 ml i3 f&275 > 12 HCl 2 pH T 6.8 4c 2
3ok g3 100ml jE3304 C
10. 10 % SDS % i
1gSDS 3 10ml 4 33 -k » 5045 M & F4 FiERBERS &
11. Ammonium persulfate, APS, 10 %
P~ 01gAPS 23t 1ml 2 g3 -k7 » Za7@pe
12. & A % =% Running buffer (10x)
121.14 g Tris/ 75.07 g glycine 4¢ 1 L 4 #t5 -k f215>12 6 NHCIl 2 # % pH 8.3
(& * %4/ 1X)
13. #& & % fw%  Transfer buffer (10x)
30.3 g Tris/ 144 g glycine 4x 800 ml 2 &3 ki3 f#fs » A %K pH % 83> £ =&
2 1000 ml (i& * = = * 200 ml methanol+ 100 ml transfer buffer = € 1 11)
14. PBS (phosphate buffer saline) 5x
38 g NaCl/ 7.8 g NaH2PO4 » pH 2 A % 8.3 4c 2 4+ k&£ % 1L

15. PBST (phosphate buffer saline and Tween 20)
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PBS5x 1 1x » 4 » 0.05% (v/v) Tween20 » %% 5 PBST
(F)RFRKA

1. = T (Balances) (HR-200,A&D,USA)

2. & i# #.w % (Centrifugator) (Sorvall RC 5C,DUPONT,CT,USA)

3. £ % 44 (CO2 incubator) (Model TC2323,SHEL LAB, Tokyo, Japan)

4. & F#E 17 5 (Larminar flow) (2 & @ &4 > &%)

5. 5= ;% &g 4. (Inverted microscope) (Eclipse TE300, Nikon, Tokyo, Japan)

6. = ¢ 4 4 £ (pipette-aid) (Matrix, Themo Fisher Scientific Inc., Waltham, MA,

USA)
7. %3 P2 ik (Flow cytometry) (FACScan, Becton Dickinson, USA)

8. % A 47 tk (ELISA) (EPOCH, Bioteck, USA)

©

B kgl (MIlli-Q ultrapure water system) (Millipore, Bedford, MA, USA)
10. % &= 1% (Autoclave) (HL-341, B - %4 > 5 %)

11. % #& 2 i %# (Orbital Shaker) (TS-500 » m_ﬁk » & A > Taiwan)

12. & F A]g.< # (Centrifugator) (Sorvall RC 5C, DUPONT, CT, USA)

13. & /7 & B Power Supply (Hercules 200, EZIan, Taipei, Taiwan)

14. 7 R &k 2 Power Supply (Bio-Rad, USA)

15. PVDF i& &% (Millipore, Billerica, MA, USA)

16. UVP 4 ke« ko (Level, Cambridge, UK)

17. & = & /A, Mini-PROTEIN Tetra Cell, 1.5 mm, 4 Gel (Bio-Rad, USA)

18. % % 4%} 2 Casting Frame (Bio-Rad, USA)

19. & & #& &7 4 Transfer Tank (Mini Compact Electro-blotting Unit VV10-EB10,

Scie-Plas, UK)
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~F 2

(= )& 70% 2 pide 54 WP~

(=)} &9 FLB3B 2 i 2235 %
Mo~z FL83B mfe g < £33 &1 > JI¥ R G F Mot i iz o 4 ) e

e ;8 F 4 5x 10° mmrz 4e ~ 0.9MIFBS # > & 4 ~ 0.1ml dimethyl sulfoxide
(DMSO) » i £353 (88 » A4 -1 F7 o Z B RE SR N> LML)
B~ IR A AL (e HE) 0 B -80 CT ATy R ERLK)E
TrREF P RT o RENFMNEIRSIF S 2 (2) o
(=) FL83B im*z 3% & 2% (MTT assay)
Bk R N2 e e dic: 2x10%ml s £ B e s 200 ul/ 3%
96 LAY A 24 [ PER e bt o BRI AR ts 0 RN E LY so o 20l R
5% 180ul 3 & %t 37 C 5%CO %47 5% 24 | pFo 2 ff‘ p o
EFUR 4o MTT 324 25l 23247 100pl Xt 480 2% 4 )
EB 2B R RS F 54 0 100 Wl DMSO & & 15 4 458 OD =570 nm
ZowkiE (RkEARg A A H wme FESAER) -
(2)dFEeBEFHEELE F il FL83B wie 2 § § 44 » :#% (Glucose
uptake)

# FL83B Mwmwe A x4 » FHA LI ~A%E 4 Fourdin4er 5ml

St

TEF a2 AR E TNFa(E&X kR 20ng/ml) -3+ 37 C B4 4¢ v
5 ] BF{S o 4o 2% Fod fE (trypsin) T3t 37 C B & 4° i 5 s 0 1 1200
ul e KRB buffer #* & fm%e « B~ 172 ul i 4w% % ~20 ul 7 1000 nM insulin &
100 pg/ml = 52 8 pul 2-NBDG (2-NBDG 2 . # jk & 4 200uM) 8 & > 37 °C
Ripgkier 1 s BERGhd R e Bl BTk B 0 oY

3000 x g (4 C) #ts 5 A4 Bl b is il PBS dte ks o hfider 1
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mIPBS> 41 # jisS fmee Rig 7 A i R ¥ kg B A ) R umeEr FER S B
HhGp RGN L el Y LT RLAEARS o
(7 )& > ser 47 (Western blot)
1 R 4 R T
L% 8~10% 2 & & *H4E (separationgel) > FHEHALS L 4~ 4% £ &

Al (stacking gel) (S-fe™ %) » AL AR mg 1 RN

EH
=%
-
=)

AieP i R 30 TRkt » b ARA 2 SDSPAGE #&idi % 2l i Hi AL
450 100 C e 5 A4 A AT R MRS E L Y KL TRE
%ot B0V R FHEBAFL FS mBTE L ERARG » £ BT R

120V s 7 3 ik 0 FE B RS RS o MEP TR B R (7 Bed

LR 2

ﬁ: * SDS'PAGE g’}’}%ﬁ/p ;]Q (E l"' ml)

A (40 % Bis) 3.96 0.99

B 5 -
C - 2.48
10 % SDS 0.2 0.1
H,0 10.74 6.23
APS 0.1 0.2
ERT 20 10

2. b Fker

# PVDF #eracrz 100% © p iR iRdcf s izt @i ? & %
fOEE AT 2 m Ao S R RENE Y TR o BRI T AL

SDS-PAGE % #izierfbrigtbrp? T 479 5 A4 > B~diger+ @ (Bio-rad T
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) o ARSIV A S 3M A ~ PVDF membrane ~ SDS-PAGE % 3 ~ 3M i
BN Javps iyt Dol o@liEPfieldd o TRAEEPILL B
L obgts o Bt ®m i A e ¢ o & SDS-PAGE %% % & §f % f 1= PVDF 3
e Jfé’i»",!rt—i +m k2 Feo ML EE TS E Mot 4 °C T w400 mA 2
TEERTEE 75 A dh oo b b o BT R0 FRE R N FAEART e r Sl
prestained protein marker 1% % $Er s 2 K o

SN I

#-t& &7 = = 2. PVDF membrane =3 5% "534 (33 PBST ¢ ) » B3t 3%
¢ blockingl -] pF > vt ® - ik F s 2 (64 PBST iz = > &
% 15 & 4h o FFL Ao - P (0 PBST 2y 2R3 $RT &)
4°C F Rl 82 - &fudlifs > 1 PBST Fik== > 5= 15 A4 £¥ 1
r2 PBST #ff4t% HRP 2 = siidl (R FSRT™ ) » mdpk 2 500w 2

PVDF membrane 1 -] p¥s » 12 PBST ez =t » & =t 15 A 4b - &t 11 ECL -

SNEF o JIF UVP 4 kB sy B sl BE%E o
- %2 - P 2 kR
Primary Ab Secondary Ab kDa
Anti-Actin (1:4000) Anti-Rabbit (1:10000) 42
Anti-GLUT2 (1:1000) Anti-Rabbit (1:10000) 57
Anti-IR (1:1000) Anti-Mouse (1:10000) 95
Anti-IRS1 (1:1000) Anti-Rabbit (1:10000) 180
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J:—‘,L/lq\

( )“'—'F
AR FEHEEZEAF TS S L SAS90 e AR LT FREE L TS

€+ hF kL (meanx SD)E 7 o fI" ANOVA # 8 ficn 471k R & AR 2 4

1B

B URH N 5 %58 ¥ 2[R (Duncan’s multiple range test) #adg ¥ £ Bl o

P <O0054EF %48 -
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VNN
(-)7 b SfEH EF2 ¢ BE P44 FL83B w4 £ 555 (cell viability)
MTT %% (3- (4,5-dimethylthiazol-2-yl)-2,5-diphenyl- tetrazolium bromide) %
R itEP o AR F g s FATH AN E e AU A Y et e gl > A
JIapim a prfrimre ¢ 32 C «nie* 7T tetrazolium kB 44 = £ ¢ 1 formazan
Z8 o formazan B &Hed 2 E B F wmefic) S 1 G ? LR 4 Rl 4
A MTT BR) o 7 1 * Pk @@ awiwmie B R MTT o 4 (formazan )
FE) M kEAR T RARMEMN s T E e P o & MTTassay ¥ * it'm
3 iE gtk

H %% ¢ i F 4 F (phytochemicals) & 24 eidr F ~ Fipm 4 - 41
FOUUFUREEoBEAREE cRe > RERER OFRT T i a2 me i
t4 o B~k & 100 ~ 200 ~ 400 ~ 800 ~ 1000 pg/ml 2. % f S-fE+ & E ¢ X B4 >
E#«%-i,j: bexve g 24 ) pEz FL83B meyz & » 3 37 C~5%CO, &
PE g 24 ppE A1 MTT 2pl@Hmcki L s L34 2587 £ @
2 3% % (cell viability) -

25157 kS EECBIBSFH FL83B w5 wmie 5552
ed A9 PRI I RS EECBESFRAD HIEWE L 20Tk
fe gk B it 1000 pg/ml P imse 5 (R F R4F2 4 ERR o BT R e E M o 5k
A *+ 1000 pg/ml> CN 1927-16 ik §54- 40 C §5' ¥ imre 575 5 A W £ 96.28~
104.09% > m TN64 2 CYY 98-59 g izfr 40 C sc'kHime T F A WA
95.01 ~ 106.79 ~ 101.13 4= 101.59 % -

e R EE e B E B FL83B e a2 BlIRE R TRk
FhHmel & 2 DELT - HhBMwme BRFRSEHEZ Y 0 TR E
M E A ERET B A EF AL B SRS R FE I RS

BB b S fh EE o E B4 kR 1000 pg/ml o &7 2T TNF-o 3% 2 %
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bR pume N 2 T RS LB A B IS %L A g

fmRe 2%k o

C)HEFemIEHrHELE Fef FL83B 'wme § 5 #4 » 2% (glucose
uptake)

~F A o] BUFEE FL83B e kw20 ng/ml 2. TNF-a #3335 =%% 4 %
PEFLRCN 1S 0 £ R R 100 pg/ml 20 7 e FfE Y B o iR 5 B de mdl i o JRER
H4ss § £ e 4] FLB3B wre § F 484 » 2 8258 - TNF-a ~ interleukin-1 (IL-1) ~
interleukin-6 (IL-6) % interferon-y (IFN-y) % 2.4 X Fl#ce I & F E%L 6 e
#3 B (lwata eat al., 2001; Senn et al., 2000; Shiba et al., 1998) -

PR SEHEEBERL LR Lmg/ml B 5L S RO § R
Fer 2 PS5 4oB 5-1-5-2 #7789 B5-1 A4k B % oa B525 40
C Fo'enid % o d B 5-1 7 %M > CN1927-16 ik qclednd ¥ £ & > &2 TNF-a
FRILeV T 5 REFARE (p<005). Azt 2 RREYEEC BERS D
¥REBHBERE S CN1927-16 >CYY 98-59 > TN 64 » 4 %] & 268.11 £ 57.18 ~
219.89+ 18.72 2 182.51+12.00 -

40 C §o%3ni > s TNG64 R Fleang LiEfEd > 2 & TNF-a
W R T LR (D<0.05)-F * S B o fE 5 Bdr ey b E 585500 B
%= TN64>CN1927-16 >CYY 98-59 » ~ %] g 210.04 + 13.74 ~ 177.79 £ 32.74 %
164.54 + 22.89 -

ELR U SRt R -5 Ra g ik SR SR LA SRS S/ X
I G # ez 2 L 5 (amelioration ratio) » B % 4r# 5-2 £ 51 o f i o
1 CN1927-16 2 CYY 98-59 434 § % fediim?e H e s %k fadd» & TNF-a /w
Wit fe o S BT HSF 7155 2 40.69% i FoEES A o

40 C o> vd £ 528 Mo 7 TN64 B f e d»ed - 26 7

Bofiz g it fr TNF-ao B FALAR - HEEY § 7 s piaplfrs 4
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B e ehl o B R IRREER X R m?:%%fi‘u&ﬁ;ﬁ? LFed o

e 31 Az el e v % (Scharrer and Ober, 1981) -

1

WE PSR TNGS ¢ EPSE 5 P Agicd TNF-a 3% %% § % 1edu)

EF%K FL83B m etk 5§ B~ 2 it 4 o

CE)PrEAdEEeBEF %S 2d FL83B Wit § 2 L Bl v
B2 B

1.% § % < % (insulin receptor substrate, IRS) = &

LEFXEXLF (IRS) R pn Lidifz 439 » | F123 & & dore o
TR d P 4 o doyEah f X Barin b g 4 1%:},;} Ao IRS-1 54 & en
insulin-like grow factor (IGFs) < B # LR BT EFRRAP M nT g a 25
AR ~ %50 (Dearth etal., 2007) o ¢ #b » § IRS-1 X 3% § & Tlgcps > €
3 BB ARmpLT o HY e 7 P85~Grb2~ Nck -~ Crk~Fyn-~Syp 2 SHP2
(Taniguchi et al., 2006) » & #_ IRS-1 % rwsh serine/threonine phosphorylation -
#1] tyrosine phosphorylation » i& @ pe%73% § % 21 4 @ vE (Moeschel et al., 2004) -
FE 2o A F R e S MR Im e ¢ e |RS-1 grﬂﬂ% SRR N SLE
ko IRS-1 ek T4 st 2 4 @5 B (Benito, 2011) - < Fedp &y £ 31
TNF-0 3% #pF IRS-1 # 4 serine phosphorylation » § IRS-1 } &7 serine & # #4
Fei PR ¢ T35 PIBK Fov chZE 7% » Bt A A B3 9% 5 F e firhi 7
2. - (Klaus etal., 2004) - 4]* TNF-o EJZ | &% #fmre 32D pF > H f % &
BEEE TR L B pF o IRS-1 2 IRE € £ 3T % (Hotamisligil et al.,
1996) -

Bl 54 2w 57k EfddEEe il TNFo RJL2 | BAF5im e
FL83B " § # X WX T4 M2 BB 1 gl 5 #5swie #Fimie @ 5 IRS-1

AEPIE o g g REd B IRSD hA FAREN G Fal By M
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(Benito, 2011) - ¥ 2 & % &+ > FL83B ¥z & 20 ng/ml TNF-o 3% # 4 ¥ IRS-1
ZEARBEIFev R TESAEFALAR AP msE
2. % & % % %8 (insulin receptor) # I

L E B mre i g5 K F e E (IR) B £ IR e tyrosine kinase»

Peflgcmre M- i B L SR Y RAEAFREL A AR R A R 2 XA

(insulin receptor, IR) £ mPewt & F RT3 L 2 ¢ 2 X o THE-BE 8%
KA Hs BRA B o HEAREIA B X H A p WA (Bjornholm
etal., 2005) - Ffs it 2 X AH € W % 6 3 2 RA T -1,2,3 (IRS-1,2,3) fe it st
it (tyrosyl phosphorylation) » & /E i T 52 A g o F A A SN F B T §
(White, 2003; Zick, 2001) ©

BI5-3 57 F&fd EECBIPPH TNFo xi22 FL83B Mwre it | 4
LR F FARELPE %) Afi FL83B o g AL 0 IR 2 E
AP REH S P EREARFLIE  HP PR FHF Ry REARN 1220
ng/ml TNF-a ¢ P &' 3 IR 23R8 > *a% % (3T3-L1) 2 "Jm* (Hep
G2) & wmi% gcE TNF-o 2 IL-1 mJ2pF > %5 20 4, @E? 20 IR £ g
Zyrdl > A ME 5 TNF-a )k A H# 4@ % = (Novetal., 2010) -
3. § § #E#:E 39 (glucose transporter, GLUT)

PAavFIR: e 5 12 A5 §F ##E 39 (glucose transporters, GLUTS)
% leihimie ¢ b F F § M~ ch1 iF (Joostetal, 2002) - ¢ GLUT-2 3 & 35 &

TR LB B wfe o] AR i 2R 8 L P ¢ (Thorens et al., 1990) -

B H U EE R A pend GLUT-2 2§ 5 Bacp BiE ) R B 4R
RIPLE FA 0 w AR P wmre? o GLUT-2 BIE &% o afF LERN

5 mEs 2 ﬁi;—] 41 (James, 1995) -
Bl 55 A8 2kSfid B EC BIPPF i TNFa iJZ2 ] 85w

FL83B # 4 MEE v 2 M2 PR -t LEAFF LK P wiz?d >

66



T BT T A S v f & A uilEAeY 0 GLUT-2 “rifand - A9 5 B
Fenhd o AP HKSEHA 0 FLBB ey 20 ng/ml TNF-o 3% #i5H GLUT-2

2ARELI e R T RS RMFLR AP ARG B
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Table 5-1 - Effects of 70 % ethanol extracts from leaves of different sweet potato

cultivars on the cell viability of FL83B cells

Cell viability (%)

Lyophilization (ng/ ml)

40 C dried (ng/ ml)

100 200 400 800 1000 100 200 400 800 1000
CN 1927-16 | 108.94 103.35 102.42 103.75 96.28 | 98.71 103.41 105.46 108.00 104.09
TN 64 101.13 98.82 102.31 93.67 9501 | 97.75 99.68 99.86 100.84 106.79

CYY 98-59

94.19 10593 10354 96.15 101.13

102.13 107.95 105.02 104.92 101.59

AValues are percentage relative to control value (100 %).

Each value is means £ SD (n=4).

Cell viability (%) = (Sample group- Blank group)/ (Control group- Blank group) x 100

%
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%527 i BEEC BRI EF (Img/ml) $E %5 & redalt FL83B ‘wm e i
B~ 2 g
Table 5-2. Amelioration of 70 % ethanol extracts from leaves of different sweet potato

cultivars (1 mg/ml) on glucose uptake in insulin resistance mouse liver FL83B cells

Rate of Amelioration (%)  Lyophilized (%) 40 °C dried (%)
CN 1927-16 43.84 + 12.02°° 10.66 + 0.70°
TN 64 17.26 + 4.24° 57.72 + 2.14°
CYY 98-59 46.25 + 1.41° 7.35+ 14.14°

Each value is expressed as mean + SD (n = 3).
Mean with different letters significantly different (p < 0.05).

Rate of Amelioration (%) = [(Fluorescence intensity of sample - Fluorescence intensity

of T+1)/ Fluorescence intensity of T+I] x 100 %
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Figure 5-1. Effect of 70 % ethanol extracts from leaves of different sweet potato
cultivars (Lmg/ml) on glucose uptake in insulin resistant mouse liver FL83B cells.
Each value is expressed as mean + SD (n = 3).

Mean with different letters significantly different (p < 0.05).

B: cells incubated with F-12K medium.

I: cells incubated with F-12K medium containing 1000 nM insulin.

T+1: TNF-a induced for insulin resistance.

CN-F: lyophilized of 70 % ethanol extract CN 1927-16, dissolved in PBS buffer.

TN-F: lyophilized of 70 % ethanol extract TN 64, dissolved in PBS buffer.

CYY-F: lyophilized of 70 % ethanol extract CYY 98-59, dissolved in PBS buffer.
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Figure 5-2. Effect of 70 % ethanol extracts from leaves of different sweet potato
cultivars (1mg/ml) on glucose uptake in insulin resistant mouse liver FL83B cells.
Each value is expressed as mean = SD (n = 3).

Mean with different letters significantly different (p < 0.05).

B: cells incubated with F-12K medium.

I: cells incubated with F-12K medium containing 1000 nM insulin.

T+I: TNF-a induced for insulin resistance.

CN-40 “C:40 C air-dried of ethanol extract CN 1927-16, dissolved in PBS
buffer.

TN-40 °C: 40 °C air-dried of ethanol extract TN 64, dissolved in PBS buffer.
CYY-40 °C:40 °C air-dried of ethanol extract CYY 98-59, dissolved in PBS

buffer.
71



IR (95 kDa)

B- actin (42 kDa)

Insulin (1000 nM) - + + + + + + + +
TNF-a (20 ng/ml) - - + + + + + + +

Sample (1 mg/ml) - - - + + + + + +

1.4

1.2 4

1.0

0.8 A

0.6

0.4 -

IR/ actin relative expression

0.2 A

0.0 -
B I T+ CN-F CN-40"C TN-F TN-40C CYY-FCYY-40C

B 537 b &fid B2 ¢ @EBL (Img/ml) 5 5% § % et FL83B 'wmre i
FEXBARZEE

Figure 5-3. Effect of 70 % ethanol extracts from leaves of different sweet potato
cultivars (Img/ml) on protein expression of insulin receptor (IR) in TNF-o induced
insulin resistant FL83B cells.

Mean with different letters significantly different (p < 0.05).
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Figure 5-4. Effect of 70 % ethanol extracts from leaves of different sweet potato
cultivars (Img/ml) on protein expression of IRS-1 in TNF-a induced insulin resistant
FL83B cells.

Mean with different letters significantly different (p < 0.05).
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Figure 5-5. Effect of 70 % ethanol extracts from leaves of different sweet potato
cultivars (Lmg/ml) on protein expression of glucose transporter-2 (GLUT-2) in TNF-a.
induced insulin resistant FL83B cells.

Mean with different letters significantly different (p < 0.05).
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