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Abstract

In Taiwan, there are three new varieties of pigeon pea with high
productivity and quality have been successfully bred, named Pigeon Pea
Taitung 1, 2, and 3 respectively. In the previous papers, pigeon pea has
potential benifit in the treatment of type Il diabetes. Nevertheless, the
active components of the antidiabetic activities in pigeon pea have not yet
been fully documented. Hence the purpose of this study was to evaluate
the antioxidant activities as well as type Il diabetes relating enzymes
inhibitory activity (a—amylase, —a—glucosidase and aldose reductase)
and advanced glycation end-products (AGEs) formation inhibitory
capacity of the Pigeon Pea Taitung 1, 2 and 3. The results showed that
Pigeon Pea Taitung 3 had the highest total phenolics contents, total
flavonoid contents, total antioxidant activity, and type 11 diabetes relating
enzymes inhibitory activities among the three pigeon pea species. Further
more, the effects of germination time 0-11 days of Pigeon Pea Taitung 3
on o—glucosidase, aldose reductase and AGEs were also investigated.
The result indicated that the 7th day of germination for Taitung 3 Pigeon
Pea had significantly higher inhibitory activities of type Il diabetes
relating enzymes than the other germination time. According to HPLC
analysis, cyanidin-3-glucoside with the amount of 5.04 mg/g extract was
the major flavonoid at the 7th day of germination for Taitung 3 Pigeon

Pea.
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Fig 1. Three species pigeon pea’s podding photograph.
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Table 1. Agronomic trait of pigeon pea Taitung 1, 2 and 3
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HitE AF
(&) (kg/ha)

2R 15K
(4 8&)

2R 2%

2R 3%

(2 &)

11.0 262 1.430
11.2 204 1.280
11.3 207 1.030

(B » 2011)
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Fad ~Fredlg FiEE Mg 4 BApRARE PRI SR EE 2K
Tz By VAR 4P R (Zuetal., 2006 ; Wu et al., 2009 ; Liu
etal., 2010 ; Zhang et al., 2012) e H# = g £ & & 1 % &7 pinostrobin 4
AR AFF AL LG AR ff iEr g3 (Fahey et al,
2002) FFitHrE P A E FTA A apigenin 2 luteolin $F 4 88 R o
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Table 2. Flavonoids isolated from Cajanus cajan (L.) Mill sp.

Structure Type Activities
Anti-inflammatory, anticancer,
antiviral, antioxidant and free
Flavone radical scavenging activities
(Wang et al., 2004)
Anti-inflammatory, antimicrobial
Flavone .. .
activities (Liu et al., 2009)
Antispasmodic,
Elavonol anti-inflammatory activities
(Zuetal., 2006 ; Liu et al.,
2009)
Antioxidant and free radical
Flavone scavenging activities,
C-glycoside anti-inflammatory activity
) (Liu et al., 2009)
Vitexin
Flavone Anti-inflammatory activity
OH O C_glycoside (I_lu & Kong et a.l., 2010)

Isovitexin




Structure Type Activities
Flavone Antioxidant activity (Wu et al.,
C-glycoside 2009 ; Liu et al., 2010)
Hypoglycaemic,
hypotriglyceridemic activities and
. potential action in the treatment of
Stilbene )
postmenopausal osteoporosis (Luo
et al., 2008), antimicrobial
activity (Zu et al., 2010)
Hypocholesterolemic activity (Liu
: et al., 2010), antiplasmodial
Stilbene ) P

activity (Duker-Eshun et al.,
2004)

Isoflavanone

Antifungal, antioxidant activities
and inhibit human breast cancer
cells proliferation (Luo et al.,
2010)

Genistein

Isoflavone

Antioxidant, anti-inflammatory,
antitumor activities and has
potential activity to treat
postmenopausal osteoporosis
(Zhang et al., 2013)




Structure Type

Activities

J/,clx\[::;::l::;t:]ﬂy

Anti-inflammatory activity,
reduced estrogen-induced cell
proliferation (Zhao et al., 2014)
and inhibited human breast cancer
cells proliferation (Kong et al.,
2009)

OH O Flavanone
Pinostrobin
OH
/’/kz‘\ ~ o
HOYYO\/“\)
l Flavonol

\\F” “oH
OH O

Quercetin

Antioxidant, anti-inflammatory
activities (Zu et al., 2006)
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iy v »c%k (Gaoetal, 2012 ; Zhao et al., 2014) - B #7 7 B 3% 3|37
faAtE o K 152502 350 Mok 5L Rdng v 2 BR 4R
T ARE R 2 (Bfrd 0 2012) ¢
2.%% i P iT

#tE = 4 ¢ cajaninstilbene acid & 5 "% = p&H @ fig ~ "# FEF R ok
(Kong et al., 2009) - #-4tE F B4 » P B w X B G P > 4G
B ISR A W W MK w2 ¢ LDL-cholesterol 7 & > ¥ ¢h4 i &g
¥ # % 39 F HMG-CoA reductase, CYP7AL, LDL-receptor & mRNA %
BE DG RPN TR ORI ED L B gl E T
(Luoetal., 2008) o st ?h o HHE B (TAR S £ BB & w Pq 2 3805 0 A B 1L
PR A B eNET8E BE RS FHEREP-HEARG > LDLER
TUEARRE AT Y YRR H A & 0 P S 3 3 LDL receptor 2 CYP7AL >
Seig P G AR BT "f 5 A rER & 5 4 (Daietal., 2013) -
3T

B s g S PEIFHE AL BT CF o BRo s AP
i = f% (malondialdehyde, MDA) z & F = > @ 4k @ B E X P4 J iy "% 14

B A s A R 777 ALT (alanine aminotransferase) ~ AST (aspartate
aminotransferase) % ¥ % & 14 > £ @ *3 F MDA - %iE§ i 4pik 7 P

TBARS ™ *5 - Bgom Aite £ 5 3E B fa 4k 8 ERIFHHR G e * (Daietal.,

11



2013) o AP F EFme A G 2 5 o BEE 4 i F s s Clone 9 fwre @
CHRYBMEREE TEF CARE > T/ e P glutathione (GSH)
F R RMRRIE B PP R gk (B0 2012)
T NGLY el

v #y %5 B (lipopolysaccharides, LPS) {1k m 75 it e7 RAW 264.7 cell
fe J7T74A1 cell ¢ §# & iR g L & F > @ £+ E ¢ 5 pinostrobin £
cajanuslactone % = & ¢ £ 3 fed|H 4 8B 1w ¥e FrE  tumor necrosis
factor-a (TNF-a) 22 interleukin-13 (IL-1B):xs: # (Patel et al., 2014) - 5 ¢t
- B aE HH0, % RAW264.7 Eriimrz ¥ iV 4515 2. ik it
2R AR BEEA G BERFAETRY HO, #E e w%
EF o~ g 1“2 E (SOD, CAT, GPx) & 14 » ¥ .3c' i LPS 2% 3 2k
% TNF-a ~ IL-1p ~ interleukin-6 (IL-6) ~ nitric oxide (NO) % prostaglandin
E; (PGEy) 2 # & > Lal BARE P BRFFANZZIPP* 205 2
cyanidin-3-monoglucoside ¥ #r+#] % 3 X & & (Lai et al., 2012) - #t &
¥ apigenin 7= i; B ¥ #r4] RAW 264.7 cell 52 LPS 5% % 4 2 NO 24 = ¢
% inducible nitric oxide synthase (iNOS) §= cyclooxygenase-2 (COX-2) %
% (Choietal., 2014) -
SALFE I

i e = 4 stilbene *# & cajaninstilbene acid (CSA) #t Staphylococcus
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epidermidis, Bacillus subtilis, B. cereus 2 Proteus vulgaris & 3 &g ¥ e
sz % (Zu et al., 2010 ; Sweetie et al., 2011) - Cajanuslactone 7 ¥+ & jF <[5
17 S. aureus (ATCC 6538) % F & ¥ erafr4] 4 > & i Bk & (Minimum
inhibitory concentration; MIC) 2 & i # 7 & A (minimum bactericidal
concentration; MBC) £ % 0.031 2 0.125 mg/ml (Kong et al., 2010) -
6.4 4| HLR dn e 3 4
BFE = & ¢ & pinostrobin & #rdld vk E HF O 2 R e 3 2
(Zhao et al., 2014) - 55 4p 4" 3 dp di4FE A pinostrobin, cajanol ~ st &
F PR A S R MCR-7T 378> 3 2 2 5 &€ »c& (Liuetal, 2010;
Luo et al., 2010) » = 7| Efj"\«'f%'.m”? S A2 T R 7y B 5% BT genistein
FAEEA e AT AR ek o kg e PC3 A SEW 'J“$J§'v-3m
e ve 2 F R % (Lietal, 2004) -
IR ® ok
BFE = 4 genistein & 3 % B e4F~ F Teiflanig 4 (Zhang &
Zu et al., 2012) - * *b cajaninstilbene acid & ¥+48 b £ %7 = ¥ % TESS
e g 2 LR wfe & it g 3 ¢ Rgon cajaninstilbene acid £ 3 igaE A
WAL N NER 5 VR OARE RG-S AR R B At T

B2 (Zhang & Lietal., 2012) -
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QI A pEH FHEILE I

3 #tE = & flavone C-glycosides ¥ 1 vitexin, isovitexin %+ LPS 3£
H2 RAW 264.7 cell # 57 i /% B 4p B f2 2 @ 3% acetylcholin esterase
(AChE), butyrylcholin esterase (BChE) z # 5 » % % & -+ vitexin %
isovitexin ¥t f&"2de fia ¥ AChE 2 BChE FEdt > 385 5 & F afrd i
4 5 3 AChE * & H IC5o B 2 5 122 2 6.2 M @ BChE B|4 %] 52 6.7
% 6.5 1M (Choietal., 2014) -
Of R A F i

pATE & 3L = f e $ 12 % (phytoallexin) & 3% longistyin A -
longsityin C £ v #=#; g (betulinic acid) - % 3 4k B A A
(Plasmodium falciparum 3D7)ervi 40 ic 17 &= o 5723 2 (Duker-Eshun et
al., 2004) -
10.3% & 5 #&

gt & = 4 stilbene ¢ ¢ cajaninstilbene acid » £ 3 "% = 42 E %+ (Liu
& Kong et al., 2010 ; Liu & Zu et al., 2010) - 4 {7 #+E %2 F fF ¥ RAW
264.7 cell 5 LPS 3% % &0 fEAp M A% 3 2 3258 > 2% K apigenin ~
vitexin % isovitexin &t #7 #4] & ¥ pE v A F (advanced glycation
endproducts, AGEs) z 252 » # |Cg &4 %] 5 ;204.1~2435 % 1757 u

M » Ap >t & #4] &2 aminoguanidine =7422.8 M » B o fi iz endrdg] (T
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*ooom ¥ AppEiR e (aldose reductase) 0 isovitexin » F & F e At
# (Choietal, 2014) - ¥ * > xihte S P-Fr A S 4 Fof ~ BBLEH o 4

o A% BET 4 G AR 400 2 600 mg/kg e n] T oL AT E R 1S

P
£
by
&

wfE AR B E Y B A E 20 (Amalra) et al., 1998 ; Ezike et al.,
F

2010) -

GEETE R 5 S AREERTE 2 R H A A AR

NERE o gb o 3§ 2 gk B AR T (germination)iE A2 > £ e B F R

T

£

BE A FTIER R AT DOREIRFRETESH
(Torres et al., 2007 ; Orozco et al., 2009 ; Khandelwal et al., 2010 ;

Fernandez —Abderrahim et al., 2012) > =712 A&7 7 P ch > 454 5 AT 5
e R&EEE2FT R > TN RE PR S IR R
Pz B pE Ad Pl TF 2B BB E S B g TR

FRTE o REF A EA SR BRES o RiEE 5o

BEE AP G ERAFESA  EETEL AL BF T

=
T
-\

Y
R0
|l
—mb
=
Suuvg
=
by
i
3
=
<l
T8
4y
-

NE Y AR E e T AR
Yook A B 4s 0 Pliaghd £ W ERFEER O AT IR A BHS N o fiE

s (i » 2010)
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1. 3 % ehif i

PREFHFF T AT F e 45 ek ~BR -4 - k&RE
ERES S & 5B T AR R R AR sk ¢ (3 & > 2003) 0 7
SRR LE T e & B 0 F o FET 2L KR B R R R f 0
KA SERETVRAFFT o mE 4 L EF A13018-30C > 1I5C T Rl &
EHEGT (M 2013) S5 P LR A G RHEE 2 KPR A
PREFTEFREATC kAT ES AF THETT > AT kA
5 RECORAET R GHER T AR AR TS AR

OBES RN PR AP TEOhR G - ko B E

I OF T A BRI EL NI A AN AL LA T EE W

(hypocotyl)z_z£ & @ ® d13= 6 > F 5 # + A (epigeous germination)z# 7 4|

o drd2 28 F2E B2 FN G T (epicotyl)w F T A4 )

# + (foliage leaves)pr » + E£ i» ¢ & 4 3 > Al 5+ T 4] (hypogeous
germination)s# 7 > drgr & ~ 2 2 HE RIS AT % E T A 4o

B= (i > 2010) -
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epicotyl
plumule

hypocotyl

radicle
/_______— micropyle
cotyledon
testa
S BT L
Fig 2. Structure of bean seed.
5.5cm
5.3cm
4.3cm \\ \ 4.5cm
\ \
1cm | '
< \ J
Day 0 Day 1 Day 3 :J Day 5 Day 9 ay 11

Rz e e T 20872 2 724

Fig 3. Hypogeal germination of pigeon pea.
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AR 75 3F 5y & 2 4 0 dofE fa(phytic acid) ~ & f& (oxalate)
H % (tannin)~ % 39 f& 343 (trypsin inhibitors) ~ 5 % %k 5 %]+ (raffinose,
stachyose, verbascose) # 4~ & (Torres et al., 2007) » @ 3 7 42 ¢ = * f&
T AR MR B A R ST RS T KB R

BUK 8 et (R 0 B b R Ao R R BB R 0 %

4.:

B vl > pprgye R4 T 7 Bk EF R

& f2 o "2 M H 3§ (Torres et al., 2007 ; Khandelwal et al., 2010) - % 5 i %

Ik

P%Bﬁg

ETHRO Y IBRAMI ET TR Z FHI T L LG
FAZEEHRF > x waad & CHi 4t A 5 = (Villaluenga et al., 2006) -

HE L (00FHI O & T2 4af 1 HBMF T Be Ve By
B b § B R4~k DPPH B o AL B A GBS 204 0 P

/_é,rik"?ﬁh/\ 4-%(: ‘gﬁgi‘*é‘.#ﬁf‘ F%%?K—E&FJ‘%*EF@'&°
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e P m u %20 e 'ﬁ.’r;z S G A e o 3F S '\?}ELF)E_"?

'GDI

EiBF TV Mod g & *s 84 F BrCy Efedhir H(Fe, Mn, Ca,

Mg)# 7 {&» i B ¥ 3 4 2 Z £ (Sangronis et al., 2007 ; Torres et al.,

2007) - HF T PP B2 FHIF T2 IRFE XL L > BETHR
TLFETEEH e B T F RHFE 0 6 A F(Fe, Mn,

Ca, Mg)2 fasgit &4 R+ 11 & (Oloyoetal, 2004) - #fe 2 7 (& 2

34

g Frif i+ 2 (Invitro protein digestibility)p i A % 7 5 ¥ B ¥ % 5 >

34§87 % i chie4a R FE raffinose, stachyose % verbascose | & IR %
% e4% % (Sangronis et al., 2007) - Torres (2007) § #% 1 & >3 5 13 fim 5 1
Ep R OLR SRR AR R T B Rg A

# 77 ( Diabetes mellitus, DM ) 5 2 3f i (7 e 28 2 - > 2 e

BAEAOR A« Bcg 2 8t A g o 2P g 2 Al o (Type 2 DM)

FARAE 9 R 05%; B - BATHAHBEF L AR AL R

FIEF) GG B e 2 a0 2 W G RV Bea A% f o P E B
g 2 A4 e REEZ LAFLITY » ERL B DY 5 HBEE

Firdmie odm BIRFALBERE e T RS ST (2 F) FREZ

WERE () 5L UBFHBDLRER - F PFEE AL WA -
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%r%%@@‘mﬁﬁﬁim@’ﬁiéﬂ%%ﬁ%‘&ﬁﬁ%&’%
e P p ik o (diabetic ketoacidosis, DKA) ~ 575 % ~ 4R 4 50 %~ 4
BmpRE > ke FR ORI GRS MY gL TR G
FORIE VA ERBT A S8 30 (32011, Singhetal.,
2001) -

1295 2015 & % B#% fp # € (American Diabetes Association, ADA )
N ,%gc} BIEPEC & 4 % (glycated hemoglobin, AIC)~ 7 in
# & ( fasting plasma glucose, FPG ) ~ 3 % #E@f < {£3&5% (oral glucose
tolerance Test, OGTT) % &g # x 4% & (random plasma glucose test, RPGT )

FREF RABRBEZ 2 ST
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Table 3. Criteria for the diagnosis of diabetes

A1C >6.5%
The test should be performed in a laboratory using a method that is
NGSP certified and standardized to the DCCT assay™*
Or

FPG > 126 mg/dL (7.0 mmol/L)
Fasting is defined as no caloric intake for at least 8 h*
Or

2-h plasma glucose > 200 mg/dL (11.1 mmol/L) during an OGTT
The test should be performed as described by the WHO, using a glucose load
containing the equivalent of 75 g anhydrous glucose dissolved in water*
Or

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis,
a random plasma glucose 2200 mg/dL (11.1 mmol/L)

*In the absence of unequivocal hyperglycemia, result should be on firmed by
repeat testing. ( American Diabetes Association, 2015 )

e TR ARG E L DR E

Table 4. Categories of increased risk for diabetes (Prediabetes)*

Al1C 5.7-6.4%
Or

FPG 100-125 mg/dl (5.6-6.9 mmol/L)
Or
2-h plasma glucose in the 759 OGTT 140-199 mg/dL(7.8-11.0 mmol/L)

* For all three tests, risk is continuous, extending below the lower limit of a
range and becoming disproportionately greater at higher ends of the range.
( American Diabetes Association, 2015 )
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%3~ AIC & T ms R FaEEL

Table 5. Correlation of AIC with average glucose

Mean plasma glucose

AlC (%) mg/dl mmol/l
6 126 7.0
7 154 8.6
8 183 102
9 212 11.8
10 240 134
11 269 14.9
12 298 16.5

These estimates are based on data of~2,700 glucose measurements over 3
months per AIC measurement in 507 adults with type 1, type 2, and no
diabetes. The correlation between AIC and average glucose was 0.92. A
calculator for converting AIC results into estimated average glucose (eAG),
in either mg/dl or mmol/l, is available at http:// professional.
diabetes.org/eAG. ( American Diabetes Association, 2015)

(=) #iopm L L4l
1. % - A4 (Type 1 diabetes mellitus )

% - A¥EFom & % & & %8 3] (Insulin-dependent diabetes mellitus,
IDDM)> 2 & FIA 04580 B fmfe X 3| p & A Bt anplsfh o R\ 2L
WG FR AR O BRSPS R0 T2 Ly o §
iﬁﬂ%i%%%’55%%@%@%@%’ﬁ*i%%§ﬂ$’&ﬁ
HNE2FETR BB aM > LA 7AW RE% G F s am s i
T wopEE S A2 P F o EY o Ftx fEx # 4] (Barly-onset

diabetes)#& /s o ) W HEACR & A T B B%U T o P oA

E:0y

”}ﬁ BT E T 1

T e 5 - AR BRI e A ARG
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¥ B 3 ¥ e s (Zimmetetal, 2001 ; Putnam et al., 2009) -
2. %= 7 ¥ P (Type 2 diabetes mellitus )

AR T AR A F 95 %t > Ay EdlY AW
R X fE G 2855 § % & dF 3] (non-insulin-dependent diabetes mellitus,

NIDDM)zt = 4 3] (adult-onset diabetes)# /i = ¢t &5 41 & H P 82+ &

/‘u};i’.%’% ) ]\:_' q"]giﬂ%‘%ln\ﬂugﬂ iﬁ&fésbﬁﬁ—‘i\ ‘4"’1'};&.%%}9{ }i‘rl‘g N

LEARIBEN S HRLF AR EREREE G I F
B o MR EF A ETE R RIFASLE 2 ﬂ%ﬁ“d BT s REEFH

CIRES RN L BERER  CHREH L E F o %Al - A
& hF T 505 b Rt (insulin resistance) 0 B f A8 %R 5 A0
EAR¥ e X0 @ F F AT &SR VU £ Pk twve N LR TR
e seih h F s ka4 g% G & gk (hyperinsulinaemia)
ol LD EE AL REE BB TF L Al A wmre s BR
b R AT A G A @ MO% § F ok (hypoinsulinaemin) o i % =
FRAALL F O BMFAHRANA AR DY - AL (Prentki et

., 2006) - 7 3 &m0 % = AR EH 0 LF BMI (body mass index)
Bent A oL B et s B e B F 0 R H R R E RN A
F DA A bs ¢ 2 (Duman et al., 2003) o ptFEA| 2L B8 A A kS
B AR RFIAER S AR FIRE AL BV R KGR @
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T3 EERAZTUREY D ABAREFE N ELF R E 0 R
AT A T hE LR A MR > 2 2§ &Y IS - AR
7+ % M 4e g% (Poitout et al., 2002) -
3. 4z ¥k (Gestational diabetes mellitus - GDM )

T AR W AR 98 20 %R SRR E
RIpAlE L pE o AL ROHE ¢ R W H A D BRRBRENT L giE
B A HB R do! 3L OMA B SR TFHE A2 R F RS

S

p
&

SlREFAR & ELMA D LE FIEFUEZE B B E > L BSF
L3 A TIREEA 0 3§ ERAB RS P S F § T2k
EAR AR o BN SR RIRE 24-28 2 A1 6-12BHF
TR AR R R ()
4. 2 3 A4 Fop . (Other specific types of diabetes mellitus )

How 4F 3 A 5 & Pz s i 4 Fl4 K4 (genetic defects of B-cell) ~ *%
% % 7% 3 Fl4k K (genetic defects in insulin action) ~ A i s 8 ~ H A
% W% %P s (diseases of the exocrine pancreas) ~ % f» & it & 4 [0 2 5 4

B % %515 Sk fom (WHO, 1999) «
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Table 6. Screening for and diagnosis of gestational diabetes mellitus

Perform a 75-g OGTT, with plasma glucose measurement fasting and at 1 and 2 h, at
24-28 weeks of gestation in women not previously diagnosed with overt diabetes.

The OGTT should be performed in the morning after an overnight fast of at least 8 h.

The diagnosis of GDM 1s made when any of the following plasma glucose values are
exceeded:

® FPG =92 mg/dl (5.1 mmol/l)

® | h =180 mg/dl (10.0 mmol1)

® 2h =153 mg/dl (8.5 mmol/l)

GDM: Gestational diabetes mellitus ( ADA, 2015 )
FPG: Fasting Plasma Glucose ’
OGTT: Oral Glucose Tolerance Test

(=) BIRpz e

MLt NARFZV ARG MR U H R 0 SR R 2
MR ReE (DL R A RQ)EE R L TR A 2
BF F T (AR PEUT B 1 s (B)3 & P T BH6)Fr 41
HWAAFEHALE(NFEL wie» T w2 P oio(M 2002) o
FLET i Ron b i R R R T - S E C AL R
HREL G EE ARG Gk (5> 2008) - F-ABABLEE  FEIR

FoABARBEE R AL ARV EES Sl E

=1

St g A
Fd s RETL RS SR A PERIERES DA S ETER
e #E# 3 (Inzucchi et al., 2002) -

Pajph>i2Ah 2L B0 2 BHafl bBH e AT

FH 2 R 0BRSS R Y d v R & E 4 (Oral
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hypoglycemic agent, OHA) ¥ £ # -OHA i & i®% F {5 § % ek S ~
Pl WS g IR S RS G WPERE T A il w B R W (L
%-2008)c ¥ e OHA # 3534 & 2 & ix B3E&| (insulin secretagogues)
%4 4g (biguanide) ~ a—glucosidase inhibitor % thiazolidinediones (& -
glitazones) 3 5% § % # v dil4r & = #77 o ipu B g ARG ok s AE R
2 AAAeBAT S A B ER SO G R R iaiRian
FAZIOA FIRE SO AT S AR mi s A e LY A
TG o mpwe FF ISR ASERRRET L e B LB
PR ENHEREL e s 0 ¢ %2 e (alkaloids) ~ fe pE g
(glycosides) ~ % pE#E ~ = £t 4 2 H v % B (3# » 2002 ; Waring, 2007) °
(2) %5 F oL
BOKC G ST B M F R RN R AT 0 R
B lmie frA et f A F R BRI L e R BT 0 T ER
o ? § BT G F A mie )R TR T (glycolysis) {8

er TCAEmAL M E 25 2 BBu B Rk 4 a® P § 4o

“-rﬂ

i F i % = 97 pE (glycogen) 2 + 7% fin (triglyacylglycerol) & 4] ;¢

v E 0§ m MEER 2 R YRR (7 9FEE & 2 (glycogenolysis) 2 & B
#7418 % (gluconeogenesis) » A 2 § F 4 > T trle s g0 d TR iv
(lipolysis) & 4 Psagrgpafem = 2 i B B K T afFa Br ¥ IER
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Fo= S TR R EES

Table 7. Oral hypoglycemic agent

T otk i . i
N\ J{‘*‘ ﬁ,/ 27, =1 22
A B &1 HbALC i+ % e i B i®
Glimepiride - 24wk BEER 4
el i TR Glipizide - R EERE T s
P 10.8-2.0%  FRFR R e
v g Py ke ida o "
( Sulfonylurea # fi& 748 ) G(I;;F)l:rld.z Bim®s A % § 4 LiBeaEz
iclazide
I RPN S ) Mo A2 HE
Repaglinide - BT L R M e e g 4
( Non- Sulfonylurea 1 0.5-2.0% e /%I wP g §
o Nateglinide A i B & #e R
PR AT ) Sulfonylurea
FrEPRE 5 +%~
PEFRTA SR
B G A TJJL@-
§E7A 45 ( Biguanide ) Metformin 11.0-20%  fmre e stk b A TR
SATR T E R
Pl B RARNES
(F
e LR gl o N ER R
55 ARk S b BRI T A
Acarbose a-glucosidasez. fix % A} i ~BTin
a-glucosidase inhibitor 105-1.0%  EotE MR 2 B OBEREE X TH
Voglibose PN e ey
PEAR & 2f i A fiE e N iR
ERCUEFEHT RS A A
F e =k
e 4] 5 5 1
%5 R W AR Pioglitazone - PPAR-yz_i& 1+ » ¥ BB EH 4 2 ok
Thiazolidinedione#g 4+ 11.0-20%  sgfgisle s EERE A f o

Rosiglitazone

#

LR LTI N

¥ B
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(Bessesen, 2001) © s M1 T A d " & F A% BRSO o 2 5

W5)2. %2 > 4o@lw (Zierath et al., 2003) -

|

L hF - AR TR od RSB L P wreirh i L

EIres(21 Rk A 482 30 R Rz B 48) Fid A B AR

-

SFma o Ho3 g% 6000 Da- H o & 5% 5 GEFESE ~ k2 Fo
2 AR ERE TPfE sEE Bkt w R R (Wilcox, 2005 ;
Dimitriadis et al., 2011) - % & % # & F_@4F L #2157~ 7 258 N BESE

7

F—0 B2 Py ATz <38 (Dimitriadis et al., 2011) -

‘ High blood sugar ’
Raises blood sugar I il;rsourlri\:tes
7 release
Stimulates glycogen
breakdown G:Iluca
Y'\
- Pancreas.
Stimulates Insulin /
glycogen formation gy ———
Stimulates
‘/ glucose
/r LAR S uptake
= issue cells from Promotes
Lowers blood sugar ‘ blood aluoagon
release

l Low blood sugar

(Zierath et al., 2003)
Rz ~ & e T2 84

Fig 4. The mechanism of blood glucose homeostasis.
L. PR 3

Fr ] ?ﬁ%‘ri SRR EEZ A S T gFE & & ~ Frd |3 pE o 2
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3 RiEH F i E# 4% (Shepherd et al., 1999) -
2. Fv TS
LEEV G e SRR 2 B BV ek e e 1 2

W -iEAZ > B4 DNA e RNA 04 & 5 707 oig 17 44 2 3 B A7 -
g kv FE o
3. 7 ik

LE &7 FrdliF % AR 1% f36% (hormone sensitive lipase ) 7
B B AA fRIE o B R D Z R b g A (R A H W R PR R
(j= » 2014) -

(m) %5 2 refafs

E
Iy

G A pUR A S Y R o B S o A
AR B L & TSR] o PR MEERER Pg 0 3 e e e 3R R AT
BARATYH  EREEFELBLELE S 2T FAEE N me o

G A FRE N i B N henay 4 i L E $ re kul(Zick, 2001) o

Pt o fpl 0 B SRR B mre A ek R 2 4 Rl A > B L BT
BEErq € FEBL B F LR wL ’F:vfi[]iafﬁ &2 & (Lilliojaetal.,

1993 ; Bessesen, 2001 ; Saltiel et al., 2001) -
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E R RAPERRER

BRIV EF A AN EN LR KR A~ S HPE S FREZ S PEN 0 B
PP Bk § RS rER HJT\EE’ L AR g5 g o I IR LA £ 20 VAR
A B R RS Y Lt it eh B AR OK R
S FME AR E I o R dEE L oom ¥ BEREEF P
T G ERAR I E P BT e I RSB L B IR
% (Taderaet al., 2006) -
(-) a-#&#ps (a-amylase)

a-amylase (EC 3.2.1.1) 4 M >3 pEfAfE % » L & 5 farf e 2wk
AR Y > ¥ B-F pE2 a-14-glycosidic linkage kfE= H FAE > & 7
W BN RH o q-amylase B AN A Y B 2 i m g ¢
B f e foik 3R s 4 0% (Aquino et al., 2003 ; Vaseekaran et al.,
2010) -
(=) a-% 5 #%p* (a-glucosidase)

a -glucosidase (EC 3.2.1.20 ) *t > A pEfEpE % » A & 3 A ] %+ &
fm¥e o R L R % (brush border)® > v -5 ARG gt AR L 3k
2R RBaD-F F 40 H ¢ 32glucoamylase ~sucrase ~maltase % isomaltase

£ Vv [EURN

Fps% 0 WH s a-9 F#4p+ (Frandsen et al., 1998 ; Shobana et al.,
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(Z) PEfRRE 3 /S erdr |38 o PRk 2 s &

B 3% % o-amylase 2 o-glucosidasedr |4 » ¥ £ % 5 pE-k 2 § §

ﬂx%

Boz ik o WY FAAELRT RS F LM B BRT
(Baron, 1998 ; McCue and Shetty, 2004) - P # §&/ * & * 2_a-glucosidase
inhibitor 7 acarbose 2 voglibose % 4 » # & % ig p &2 a-glucosidase 7 %
MAr4 o g ad P hd BERE S Y a-glucosidase 0 @ Frdlo]
PEERETRER > MR G R E AR EOE R 0 R
FEAFersfc > § oot ML e B2 LG FRR > BT € alAz s &R
MR MR EBES I ARt ARETFHEY 58
) BT R Pl YR = IR ARG R 2R P EEY o IS
Finad f 2R ¥ FI BLUpf e @brgizen L c§ 3 AL H
TSRS R BT T AR AR R 2 30%%5 2 Ao e
# ¢ (Fujisawa et al., 2005 ; Fred-Jaiyesimi et al., 2009) - #7r % 5 % X &7
PEfRAE AR Fr A > F e A B AR F R R L Y TRE A

L E Z e nEkl o REXG e EHRIKRA

mx

(Fred-Jaiyesimi et al., 2009) -
AT 7 Ap 21 #ER e 1 & Ho-glucosidase £ o-amylase B 4F g
Fliex > B9 T3 F ML - B3 st Fo-glucosidase #r] 2

ICs &% -] 3% 15uM (% ~) ;H S #F 58 % fr #~ &% i ha-glucosidase
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2 LR cho-amylase drd 520 B8 B % 8 I pr pg(flavonol) 2§ fr
7 (flavone)dr v % e it » i - h B A 45 HRIEER fF B B C3

C4d 2 C5 = @Btz OH f#cp 4% » Hfrfrck 44 ; C2 & C3
2 B E_pH4E ~ 3-OH ~ 4-CO ~ 5-OH $Fp% & #rif| 38 % & = 2 % (Tadera et

al., 2006) -

F N~ FE Bk ¥AE* 7R a-glucosidase 2 ]

Table 8. Inhibitory activity of flavonoid against yeast a-glucosidase

1 s (st [Cs0 [genap ==
Flavonold Inhibition™® Flavonaid Inhibltion™*
) This w) This
work? wark?
Flavonol lollavone
Myrlcetln 94 3 Dabdsetn g9 (h7 14
(uercelin 91 7 Genistein 9375 7
Kaemplerol 52 (640 12 Flavan-3-ol
Fisetin Lh 13 Catechin 45 =200
Flavone Lpieatechin 24 =200
Luteolin 92 21 Epigallocatechin 71 73
Apigenin 43043 = 2(H) Epigallocatechin BY 2
Baicalein 5 = 2[H} pallate
Flavanone Anthocyanidin
Naringenin 73i25¢ 73 Cyanidin a9 &
Hesperetin il 130}

The enzvme activity was estimated by measuring penitrophenol liberated. Experimental details are described In “AMaterials
and Methods,”™

*Theresult was an average of three determinations,

P Inhibition by 200 uM favonoid.

“Concentration required for 30% nhibition of the engyme activity under the assay conditions.

Inhibition by 235 it flavonold.

( Tadera et al., 2006 )
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T~ R RBEELY 2 M

AR RED TP LG AR LR E o §Ea FF B
(reactive oxygen species, ROS) # =44 &2 4 3 i &4 » @ pEit & A
#ﬁ}é AU RS 3 Y R R S Ei%sﬁ'ﬁ?’ﬁﬂfa‘%ﬂ’,;ﬁ‘ifﬁ
PEit F Reacdrdld B4 > TR RE e okk o B e f F AR
FF Hwepiig PHEZZERM FXDF VBRI ZGT AR
ks AL < Epd Ao B i R Fle T
MM eng R4 G T o RIS ROk - A (Green et al,
2004) o A B chimiz B2 AR b % F| ROS s# o e VOB 2 dLF
Fhrdg sV fF o JRAR A Bk PR LR S K ROS A5 A d At

a2 F v T #iRdmre (Ceriello, 2003) -

44—

AT AR RS BN a2 2CE 2 BB AT PG L
2R G @ EGARF I H i A R MR RO OR R

2 F RS PR R AN ER R L EE R PR

+ (Rahimi et al., 2005) -

(-) Ad Bl

pd A (free radicals) ¥4 27 - B2 3 B2 *HTF a2 3

2.+ ~ &+ g+ (Halliwell et al., 1995) - pd AFIE 5 B pd e %
PAETHREG L FFOF L BEE B LT IT BT AITA S DTS



d A)ELIHEHR AT HTF Al - e g s & (chain

3

reaction) » ¢ { 2 pd A2 o

Ay EEA A 50 wihpd A2 LA RA B F RS S
(Niki, 1992) > 4o 4 9777 o B F %¥FHE 5 By v 4 > iEa 24

S$hd Ao HA PSS T (Pinnell, 2003) # ¢ x 12 - OH 2

MGzl v s R miea T w57 DNA F B2 = DNA
X% -ROS» gREFHE T3 M F B fTAL P BRNHAD € ¢~
mre e s v FAR G - R¥ R RE 3 7= (Shigenaga et al., 1989) - ¥
AR EF A ABABAREFEL G R OMG o dovd BRI R
E > LA AR Z A E (Rikans etal., 1997 ; Moskovitz et al., 2002) -

AHRN Y RSN L KR ARTAGEE N A S G o o
EhkiRe REBRARY AT BIRHE T ER L ELAFHN
A2 ROS»ap kihe R RWT+ Bf4ap g L F BEE 2

11 ROS (Morrissey et al., 1998)
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4 N BEF EHE
Table 9. Reactive oxygen species

Radicals nonradicals

Hydroxvl =0OH Peroxynitrite ONOO
Alkoxyl L{R)O= Hypochlorite 0cCl
Hydroperoxyl HOO» Hydroperoxide L{EYyOOH
Peroxyl L{R)yOO- Singlet oxygen 'AD,
Nitric oxide *NO Hydrogen peroxide H20:
Superoxide 05 =

(Abuja and Albertini, 2001)
LN D R AA A RT A SR S-S kp 4 LD

(biosynthesis) » #* 4 p & A E A BN A T A 0 g FH L E KA d vl

Bl A pdo— § 4% d A(sNO)» % L-arginine h- § 1§ £ 2

™

fis (NO synthase) eni®# T ar g 4 > 7 fe g A g4l & k svigvfa g che

4
g
beits

~

e

a2
E“‘*

(‘-\:
‘m

17,
0
=
W\'
/‘-—

o
N
|

- B K pATHU A 3 (metabolism) -
XAl RAE DI FF A R AR LT RIEAEE BT NS
e o8P g Repnags KBS g d A% (Halliwell, 1994)

B b RP T FHETFAKSL  EFADFALS S 0 L

VRS AL Br A A RAGEY iAo ¢ A E R
T RREVMEBALBALIEE A d ARRY I G D
(Maxwell etal., 1992)- & ¥ ™ 48P f o A ehg 4 froif f LT fech

EE L T SRR RS i R ST i



SRR DNA -~ J-d B pEAEZ P T AlACE R EF 0 Rl

(Carocho et al., 2013) -

Proteins

*  Oxidative modification of aminoacids
*  Free radical mediated peptide cleavage
* Formation of cross-linkage due to reaction with lipid peroxidation products

Lipids
L-H + OH--» H;0 + L-

L—H + CCly0,— L+ +CCL.OH < Free Radical p— DNA

L—-H + HOZ-’L +H202

Sugar non-enzymatic
fragmentation HO

I ~pd Aaduc#pik

Fig 5. Targets of free radicals.

Base modification

* Deletions
* Production of base-free sites
*  Frame shifts
Targets RNA . Srand breaks
* DNA-protein cross-links
l * Chromosomal arrangements
Sugars

ey glycoaldehyde e No cyclization

l

Autoxidation === Production of
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Superoxide radical (O,™)

Chain reaction leading to
* a-dicarbonyl
+  P-dicarbonyl [-Mutagens

(Carocho et al., 2013)



(=) % WA EE T 2 4 3
BABRMN FEDAEF M THHEN AT P ALE S i

HE o2 RPN Iy FAAFEI®F » TSP gy F)F 0 3

M-

Smfedf i oM v TR ERTEAL S BEREME L R Re F
PEICTEY o B AR T 0 ERHMP RTINS G R R AR B
Ha g %~ fp i {2 (Dandona et al., 1996 ; Baynes et al., 1999 ;
Nishikawa et al., 2000 ; Brownlee, 2001) o A &8 235 F B n BEFCT > €
FEMP AN R 5 e s B F BT o BEFEF L
R § AR NS ¢ 2 FEpER R e (aldose reductase)m A 4 i § 0
L 4] 4% B% (sorbitol) & £ ~ 7% i+ DAG (diacylglycerol){= PKC (protein kinase
C)ff s 4 o 3ldeimie f2n & Biklae s § 5 Miody T3 fo
RiHA Y AGES B e s ivaht® » A AL EBA TR RpBHREY - F o
PEA S P Ao ? ORAMER S 23 RLEF P D KAgd
a3 Oy e {%Eﬁ%ff\fﬁa L E gy k2 - (Korshunov et al.,
1997 ; Du et al., 2000 ; =% - 2009) -

FMAMER Y AT ERT AL T R AN RERERT
¢ 24 NADH % pyruvate - @ NADH ¢ 4.3 3 ¥ o Be /o - 2 - %
pyruvate i j = lactate {5 - B e DPFHRIT S T AT ATE X F

¥ - AR A R L TS B R T o Pyruvate i ok ARY
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F_*

M &7 TCA %% @ &2 CO,~ HO ~ NADH % FADH, » & } it ig st
sty 4 2 A NADH 4 FADH, 7 £ §5d 7 F Bif4a X 2 4 Wwe it £
ik ATP o > 248 3 + @ vE4a4cB >~ » 2 & 4 cytochrome C ~ ubiquinone
2w BEEEAF St eS > if2? NADH 2 FADH, § § 4 w#-3 5+ @

WL EAA EM IO > 2+ £ 54 ubiquinone @245 & I >

A R pd Ao RFEiEEL5d cytochromeC 2 fi%
F 47 £ HIVo ¢ ¥ F R AR AT B3 AR DR o
b A 4 7 & @ Sk ATP & = fa (ATP synthase)# UCP (uncoupling

protein) (e * 2 & 2 5u & ATP fr#ii o RPN WP » 3 FixiEse
AT L FH L ifug i¢ {8 coenzyme Q (ubiquinone)=nX % Hp 2

HEHT BT EA AIIIEREA H o A FEES S

o
L
E-)

ﬁsé ]W»ﬁgg ILJ}WE]F;éOZ"':Lrl 4\:}; ’mé*ﬁff\fﬁiﬁ’ggl]\? néﬁjr_‘g—“’iﬁ%‘
id TCA S3#fs A 2 i 5 éhq 5 %+ NADH v FADH, F¥ > § 4c < 2
MEPA T 2L A2 524820, - (Brownlee, 2001 ; £ » 2004 ;

Jezek et al., 2005) -
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e 1>

FADH,
FAD

NAD+  NADH

O,

v

H+

ATP

I & synthase UCP
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(Brownlee, 2001)

Bl ~ A2y Bags Oy » MM T & Blaiv™ 4 22 iFir

Fig 6. Production of superoxide anion by the mitochondrial.

electron-transport chain. Increased hyperglycaemia-derived electron donors

from the TCA cycle (NADH and FADH,) generate a high mitochondrial

membrane potential (Auns+) by pumping protons across the mitochondrial

inner membrane. This inhibits electron transport at complex |11, increasing

the half-life of free-radical intermediates of coenzyme Q (ubiquinone), which

reduce O, to superoxide anion. (Brownlee, 2001)

39



d B B ERRMER A2 A BT Oy -0 .50 g mie
n PARP (poly-ADP-ribose polymerase) @ # § % #& % 3#4#/% ¥ - GAPDH
# 4% (glyceraldehyde-3-phosphate dehydrogenase) =42 ™ "% > £ R § §
* g A2 GAPDH it w2z AR F A 4 R E 2l 0 doBl- o Sldew 0%
¥ RO/ 2 BRAE ¢ 1. F] glucose FfE @ 4 % ~p% (polyol) 8 i% »
2. 7] fructose-6-phosphate ® f m 4_2 o=/ g pE e (hexosamine) i 38f
i i% 0 3.%] glyceraldehyde-3-phosphate F f& @ 2% F-v ' jfs C (protein
kinase C ; PKC) % it » 4. 4 &£ 2§ 7 ank ¥ A2 4 (advanced
glycation end-products ; AGES) » % w % B T > § 5 € S E e if
#AL o PREF ROS 24w g S mER o Rt 2 AR IS O
= & 4= NO (nitric oxide)”~ J&= = peroxynitrite » * %‘%ﬁ’f&ﬁ%ﬂi@ﬁ;i ¢ R
A4 515 DNA 2 fmreinzdp > @ hexosamine Bsii » § ¢ PAI-1
(plasminogen activator inhibitor-1) ~ f=  TGF-f (transforming growth
factor- B)z & i 4v s ¥Rk ¥ F 5 1E% 0 4B A 7o (Brownlee, 2001 ;

Evansetal., 2002 ; £ >2009)° 2" & 4F F i w f 5Rops 2 BT S UGRPY o
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Glucose zogsing

l NADPH  NADP* NAD*  NADH
e QC\C‘CCI,C\QS?( AN i,}‘ l ?‘ (3;}(10 oritolLAT Fructose
cccbccoc 3653 “ler; O patave

Cytcplasm l
P
EiLiokE) / Glucose —— Polyol

GFAT ,
_lﬁ A Glucosamine-6-P=AUDP-GIcNAC
GIn  Glu

_‘) ) Glucose-&-phosphate

NADH NAD*
Encrgy < Fructose-6-phosphate —— Glucosamine /1 } DHAP M?m@yeemhp =1 pac=>1 PKe

_—» DAG = PKC
T Methylglyoxal = AGE

\\/ \ * EAROH l\ NN 1 Methylglyoxal =1 AGES

| ) Glyceraldehyde-3-phosphate

1.3 Diphophoglycerate

PARP

Sigcronide
ankon

BEME NS

Nudeus

ELE I

DNA strand
DNA
breaks

(Modified from Brownlee, 2001 ; £ > 2004)

B- ~FoBAFERNMAELBERSIERT O » S FRFL BT

Fig 7. Potential mechanism by which hyperglycaemia-induced mitochondrial
superoxide anion overproduction activates four pathways of hyperglycaemic
damage. Excess superoxide anion partially inhibits the glycolytic enzyme
GAPDH, thereby diverting upstream metabolites from glycolysis into
pathways of glucose over utilization. This results in increased flux of
dihydroxyacetone phosphate (DHAP) to DAG, an activator of PKC, and of
triose phosphates to methylglyoxal, the main intracellular AGE precursor.
Increased flux of fructose-6-phosphate to UDP-N-acetylglucosamine
increases modification of proteins by O-linked N-acetylglucosamine
(GIcNACc) and increased glucose flux through the polyol pathway consumes

NADPH and depletes GSH. (Brownlege, 2001)
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Fig 8. The pathway of overproduction of superoxide anion caused diabetic

complications.
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1.5 & B8 5 ~f i BRI

w2 F RS pEE R RS T o jd NADPH k@ R4 &
LB A LR G E- ha L A2 § e (sorbitol
dehydrogenase ; SDH) % it 25 % 4% » | pF i %g % NAD' 448 f =
NADH - * st B /il 5 % ~ 5 (S 3T > 4ol #77 - iR R Hd
FHZAEMRM A WA MERT 0§ FHED RS ]
RG>0 EENBF LR T o e N RSl 5 € g ) e AR
sorbitol > I ¥ & %E % NADPH s> o A7 3 BT 0 30 % o A enfin ™
Sl gt R R 0 BB Al G B4R 1L RBRE 0 33% (£
2004) -

5 PR IE T R 7 sorbitol Fags o H A% T e i, @ 1 e
%% R 4e 0 ®osorbitol it = fructose € 3% 8w p NADH/NAD*
£ 2 NADPH z £ > » B8 e i F N30 77 7 3 5] S fop + &
PRI R ML Ay PRA AR BERSEE LS
Baldez A4 Wb 3 B > H 3 g4 B B4 T AREZ K SR
% &g T (Brownlee, 2001 ; Yamagishi and Imaizumi, 2005) » #5%t 4 #<

B R pr (glutathione reductase)z 4 is NADPH &) 428 % > # ¥ GSSG

l“‘\ﬂ
3

FEFECD GSH &3 S Hscimm R A ERPF pd ARS § L
(Nishikawa et al., 2000 ; Brownlee, 2001 ; X - 2004) - @ | * fp4E 7 f=
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Toxic .
aldehydes —l- Aldose reductash Inactive alcohols

Increased SDH .
glucose 7N\ ]

NAD* NADH

Glutathione
reductase

(Brownlee, 2001)

DRSS T TV, 1 3 8 E

Fig 9. The polyol pathway and aldose reductase. Aldose reductase reduces
aldehydes generated by reactive oxygen species (ROS) to inactive alcohols,
and glucose to sorbitol, using NADPH as a co-factor. In cells where aldose
reductase activity is sufficient to deplete reduced glutathione (GSH),
oxidative stress is augmented. Sorbitol dehydrogenase (SDH) oxidizes

sorbitol to fructose using NAD" as a co-factor. (Brownlee, 2001)
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#r#| & (aldose reductase inhibitor)® 7 »x3g 7 NADPH z i 3£ > p =
aldose reductase #r+| &> 4 8% 2% ¥ » 4 zenarestat & F gﬁ%}j\@ HPFCES
# 5o % 7= (Greeneetal., 1999) -

SARREE AP RAET L R BT L FER G2k it
FEEIEY > NS pET RS AP AGES HE 82 4§ T (Brownlee,

2001) - *% b2 ¢k sorbitol % 1t £* £ % NADH/NAD vt & » @ e

7P

3

PR Pk % GAPDH 2z &+ » # Glyceraldehyde-3-P % 4 > i&a & 4
AGEs = 5%+ methylglyoxal (MGO) 2 diacylglyceol (DAG, PKC /& it 4~
e st jTs €4 F M H2 ROS 2 &2 DNA %74 #1514 » @ /& 14 b
gepik it &4 (dicarbonyls) » ¢ maepE ™ % (glycation)% s 2 & ¥ pE
iv & # (AGEs)z 3 = (Wells-Knecht et al., 1995) - F]3* > & x #& € F p*
EEER T 2 5 VR4 s 5lded B B o

2.% o 4E2 2 R (hexosamine) & ZBHER 5

FR L AEERT R P E 1-3% § F 8¢ 5 d hexosamine i iT

RS ELIN- ST FET Ry X RO R R

<

SIASHE R B R DTRAE £ T o BT > Fllee p B 2

*

‘-h\t

¢ g (2 & 4 h fructose-6-phosphate & A £ 3 4 > @ H Af
glutamine: fructose-6-phosphate amidotransferase (GFAT) it & 12— 4%

28 = glucosamine-6-phosphate z_ 7& >+ UDP-N-acetylglucosamine (UDP-
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GIcNAc) % & & % OGT (O-GIcNAc transferase) i+ * -

N-acetylglucosamine (GIcNAC)f-3-v % + 2 threonine £ serine 4%

Y

B4 %> proteoglycan & = % 25 O-linked glycoprotein > @ O-GIcNAC ¢ i2
A T i A A T2 s HA R EAE - kTl R A A iE S
¢ TGF-B 2 PAIL # 5 » FH A B4 33 R §12 5
(Brownlee, 2001 ; X - 2004) > 4@+ o

s AR T *ﬁ SRR SR BMwie P RT3
5 e Prfoimie P k9 F 4 ¢4k O-GICNAC #Ti2 &g d= » i &\ A fw e
B eh- F 1§ &= #pF (endothelial nitric oxide synthase, eNOS)/& 1+
e AL e g TP B A BT AER S EE& TS Spl
s TR oA M@k B o il 4P o & T3 PAIL -~
TGF-a (transforming growth factor-o.) ~ TGF-B2 7% (4¢3 4 (Hsueh et al.,
1998 ; Duetal., 2000) - /% % 3 & 2 A 31 5 glucosamine & » ¢ +
WL h 22 BwreHy F AR Y (Monauni et al., 2000) o g ¢t >
glucosamine ¢ 3% H HyO, 2 3 4v » B 3F5E ~ Py ik 2 sop .H_Fk iR R A IR
2. GFAT ¢ & =% § & 14t 2R m 4e » $2F it W N-acetylcysteine ¥ *%
% GFAT 2. % 3. (Marshall et al., 1991 ; Brownlee, 2001)  F]pt » F w 47
F e BREIT M EATFILARE 39 T BY o R g 2

A redat o 51 Fom M 3 (Brownlee, 2001 ; Buse, 2006) -
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o | crar
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o ASAGLKAAT %Gu
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: O-GlcNAc transferase
"
e B R\ ad
g ) & — o
TGF-B o QA :
1 R O00000000 mRNA Ser/Thr-proteins
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I Nucleus and cytosol I

(Modified from Brownlee, 2001 ; Buse, 2006)

B~ PR g T

Fig 10. The hexosamine pathway. The glycolytic intermediate
fructose-6-phosphate (Fruc-6-P) is converted to glucosamine-6-phosphate by
the enzyme glutamine:fructose-6-phosphate amidotransferase (GFAT).
Intracellular glycosylation by the addition of N-acetylglucosamine (GICNAC)
to serine and threonine is catalyzed by the enzyme O-GIcNAc transferase
(OGT). Increased donation of GICNAc moieties to serine and threonine
residues of transcription factors such as Spl, often at phosphorylation sites,
increases the production of factors as PAI-1 and TGF-bl. AZA, azaserine;

AS-GFAT, antisense to GFAT. (Brownlee, 2001)
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3.% n #&¥2 protein kinase C (PKC)z_ % it

PKC %82 tmve et & @ iLifz > P 5477 ¢ o PKC e it ¢ B2
A 2 o S AT AR ARSI L2 g n § R E - PKC T AR
LBEF DAG jrid > PR my Favo 20 g0 AL AR e

SIRAEY o v N enE L MR AL R AR A A DHAP 3B R
= glycerol-3-phosphate s > I i&— 3 fgit > & DAG 2 & B4 > @
H 4 i DAG ¢ o+ it mre o 22 PKC #f = & sieni® * (Koya and King,
1998) & 4@+ - -

B b S T g B4Rt 58 ks PKC S dedfd B pE
~28+2 4 AGEs & ‘w2 & m £ < 18 (AGES receptor, RAGE) 4t % » & §_
5 R RS S AE 0 3R F eE PKC 2 230 5 B X e ehii i 4 B
Bl 5 R fE w5 pod A (Keogh etal., 1997 ; Brownlee, 2001) -

B & ¢ PKC 4 5uA 5 B fe 86— 31580 PKC % &tk
Bofr 2 AP %M > DAG 2 Hitcig & B A ch PKC hstid i R4 A

:}liafiié;éi:}i}fg Ré _p_%k D @ FEIFUR S VLR S R S B S B IR E LG £

il
,{‘
[E:

%% PKC & 14 AR foT 4o 4~ T e 2 4 0 NO

|l

-

=

5B PKC dojrid s prdl i R AL ZHEGER L wre - § 00
% £+ 4 ps (eNOS)A 7l @1 4 3. (Kuboki et al., 2000) - #& 57 4p b #=
T4 FW PN eh PKC Hpes i Al pe iz T g 4 B ¥ 5 &
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Glycolysis
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Fig 11. Activation mechanism of hyperglycemia-induced protein kinase C

(PKC). (Koya & King, 1998)
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AAPME O FHARIT AP F N F & RS A e R (ET-L
endothelin-1) & {43 4c #73k (Ishiietal., 1996 ; £ - 2004) -
%i%ﬁ%PM:K&%%@%3%£—§@§£WAﬁﬁ%E$
BT N £ AR I # VEGF (vascular endothelial growth factor) 2
- O R T r},pegxéf;ﬁ:} e TSR R e TGF-Bl e iz o
i 17 5 g 4% 3o (fibronectin) e % o A%k F-v 25 2 3 4r > H Rk
BT R0 B A FIEE o B PKC E ity 7oy i
PAI-1 %~ i3 4e ~ NF-KB 2 7% it fodk 2 NADPH oxidase ¥ %]+ 2. 4 3 >
SR L MR R 4 TR A e PR - AABF L REAR A
2l 0 4oB - = (Koya and King, 1998 ; Brownlee, 2001 ; £ > 2004) -
B BodEs g0 Lwe s 54 51t NADPH oxidase # =
ROS iz 11 PKC #r 1 d® 16 > ROS € ' > F]yt § PKC = 3| HFr4]p >
V% Rd B o gEATII422 % f“R 4 (Inoguchi et al., 2000)- &> 4~ F % ¢ »
I B3] PKC #r A R B M o B o TR F TR AR e e T
ZRM P PKC ki bez 7B s L AR B PR 2 T NIRBE B R
BMACFHI TR OERT ~ RE R0 2 %F (Koya et al,

2000) -
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Hyperglycaemia
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(B- and 3- isoforms|

A
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+.
+ Collagen l
Fibronectin
*
1 ¥ Fibrinolysis l
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(Brownlee, 2001)

S

Bl - B #5355 PKC 2 1t 2 5k
Fig 12. Consequences of hyperglycaemia-induced activation of protein
kinase C (PKC). Hyperglycaemia increases diacylglycerol (DAG) content,
which activates PKC, primarily the - and d-isoforms. Activation of PKC
has a number of pathogenic consequences by affecting expression of
endothelial nitric oxide synthetase (eNOS), endothelin-1 (ET-1), vascular
endothelial growth factor (VEGF), transforming growth factor-p (TGF-p)
and plasminogen activator inhibitor-1 (PAI-1), and by activating NF-kB and
NAD(P)H oxidases. (Brownlee, 2001)
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4.3 & 8 B FEL SBHE $ AGES

B M PR 3802 4 (advanced glycation end-products, AGES) & #% 7k
R AR B R TN TR PR dEE o A ARG
o R op v sbAE R fEpEie v (glycation) ™ g R K AR e dam e b B

r_’r

Wy

v e o avedfod F o2 i 2k A2 Schiff’s base i + £
#£ 7] % Amadori product > @ % it Amadori product ¢ # = AGEs > i {& %
#F D HFHEA L AGEs s F g M0t d dmie N R MR A 2 2 R
w0 4% 4~ T (glucose-derived dicarbonyl precursors). ;= AGEs g F » F] b
Paninsmeph B BRiZE mep ~ ¢ AGEs 252 & 31 & f F)(£ >
2004) -

e e AGES T:‘%gd FHEAL Y v A55 glyoxal »
Amadori product 4 f# = 3-deoxyglucosone » # % d glyceraldehyde-3 -
phosphate % dihydroxyacetone phosphate %} % = methylglyoxal » # 4 > *}
it dmie pOE B S A AR B glyoxal ~methylglyoxal f- 3-deoxyglucosone
g Hfemre p o~ b Foo L oavRAF A 4 2 AGEs (Imanaga et al.,
2000) (Bt =) mENE ¥ BERT > HA4E 7 SpF > = faw ik
o T B R %0 7 €78 5 AGEs 5= » 2 & F A REp
AGEs 2 = £4p§ SR e Flpt = 5 Z L % (half-life) & - F %

%» &2 AGEs 4 (Reddy and Beyaz, 2006 ; Uribarri et al., 2006) -
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Fig 13.The formation of advanced glycation endproducts. The classical pathway of the Maillard reaction is indicated in black boxes
and the reactive dicarbonyl compounds in grey boxes. The initial condensation reaction of glucose with amino groups leads to the
formation of Schiff bases, Amadori-products and upon oxidative rearrangements, to AGEs such as N-(carboxymethyl)lysine (CML)
and pentosidine. An excess of glucose is also metabolised to sorbitol by aldose reductase (AR), accompanied by increased oxidation
of NAPDH to NADP*. A putative decreased level of NADPH, which is a cofactor for glutathione reductase , may lead to depletion
of reduced glutathione and thus to enhanced oxidative stress and the formation AGEs. Oxidation of sorbitol by sorbitol
dehydrogenase (SDH) yields NADH and causes an increase in the ratio NADH/ NAD". An important feature of an increase of the
ratio NADH/ NAD" is that it inhibits glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and, subsequently, may lead to the
accumulation of triose phosphates glyceraldehyde-3-phosphate (G-3-P) and dihydroxyacetone (DHAP). Both trioses, which are also
formed in the glycolysis, are precursors of the potent AGE-forming compound methylglyoxal. Methylglyoxal reacts with arginine
residues to form the non-fluorescent products 5-hydro-5-methylimidazolone (MG-hydroimidazolone), tetrahydropyimidine and the
major fluorescent product argpyrimidine. Although it has been reported that methylglyoxal primarily reacts with arginine, the
methylglyoxal-lysine adducts N-(carboxyethyl) lysine (CEL), and methylglyoxal-derived lysine dimer (MOLD) have been identified.
The sorbitol pathway may further increase the level of methylglyoxal by depletion of reduced glutathione (GSH) in the cell, which
has a detoxification function in the glyoxalase pathway by facilitating the conversion of methylglyoxal to D-lactate. Fructose and its
derivative fructose-3-phosphate, which is produced by the phosphorylation of fructose by fructose-3-phosphokinase, are potent
glycating agents. Fructose-3-phosphate is also hydrolysed to 3-deoxyglucosone, which rapidly reacts with protein amino groups to
form the AGEs 3DG-hydroimidazolone and the 3-deoxyglucosone-derived lysine dimer (DOLD). Glyoxal and glycolaldehyde are
products of autoxidation of glucose or glucose adducts to proteins and may also be formed directly during oxidative degradation of
polyunsaturated fatty acids and during myeloperoxidase-mediated degradation of serine at sites of inflammation. These compounds
are able to modify the side chains of various amino acids in protein, including those of lysine and arginine, to form several products,

such as CML,glyoxal-hydroimidazolone, and the glyoxal-derived lysine dimer (GOLD).
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iz h AGEs i Szt v S 5= BPRERE e T (R 2) ¢ +(Q1)
fmie p Fev Bk AGES AR 0 RAF N XL DI A BT
(2) ‘& AGEs # B4~ 12 &F 2_ 72 *F LA (matrix) &2 2 s L F4p 5 8% > o2
m 2 A F R B(integrins) 2 £ A FF B A oL B RR T2 HF

Bwe gy ¥ 5 (3) & Jf:}w Bl AGEs 2 4rfs &1 g p L lwfe ~ 2k

PN

UH—

B im¥e (mesangial cell)2 Ergimiz + 2 AGEX F 8 & » 3tlmiep 42 7
£ % eh ROS & & it 4 5]+ NF-kB #H &R E % chfL 714 3 (Brownlee,
2001; %1-2008) - F]pt F AP § FHEZ R EF T A BRI E S E
5 enROS 2 & » 31 A g g 4 o

Fop P At R e BERET 0 mfe . AGES ¥ - & B p ?ug
A2 0 @ AGEs e = s 0 ¥ 5 e B AR ehwt g 0 BlAe¥t % -
AR R mg o AFEFFIAGES iT* SeegeE > A E A FF LMK
L RS st H T A e Bt 0 B Re P Bl G A 2
S g BEEEME R S R R e AR 0 500 AGEs € B EM A e
o fon BORRR AR G 0 HRP L i F R Y o b R
- HEF AGEs (0= 2 WP AF R ug S5 &0 » BT
B feimie B ek 5 (£ 0 2004) - ApREAT L © 3 3R3F § {r AGEs 455 eh

i X E o AGES ViEd S X EF fig ¥ w225 R Y o AoF e



\ J *
. | I \ > * * AGE/
Matrix * plasma
proteins
- Intracellular transducers |

YT ‘)O 00 —— I

AGE
receptor

Integrins =
Growth factors
and cytokines

Macrophage/
mesangial cell

Endothelial cell

(Brownlee, 2001)

Bl = -~ AGEs # Sp4- 3 & 'mie 3f § ch= 46

Fig 14. Mechanisms by which intracellular production of advanced glycation
end-product (AGE) precursors damages vascular cells. Covalent
modification of intracellular proteins by dicarbonyl AGE precursors alters
several cellular functions. Modification of extracellular matrix proteins
causes abnormal interactions with other matrix proteins and with integrins.
Modification of plasma proteins by AGE precursors creates ligands that bind
to AGE receptors, inducing changes in gene expression in endothelial cells,

mesangial cells and macrophages. (Brownlee, 2001)
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(cytokine) fr4 & ]+ @ & = {8 F 72 2 F J > 4o IL-1 ~ insulin-like
growth factor-1 ~ tumor necrosis factor—o. ~ TGF-B% - P> € & & 3 P
Ao g2 i g8k 8 L2 F (4o thrombomodulin-~tissue factor
VCAM-1 ) fesifbva ¢ Brenid B4 o Ap B &4~ 7 % © 77 1 12 %7 AGEs
fo B2 4% C@BFF L& Aok o I FIREAOR TR % E B o
EAERR G T 6 % (Parketal., 1998 ; £ - 2004) -

d 3" AGEs A 2 R p pod A SO g GpEi st fgehdd -

5o T A g Ao SR 2 3 AR b ECE 2 2008) ¢ B4 7 Sk ¢

-

&% AGEs #r# ¥ [k AR AR s TR A2 p 8 B AR
et i o it (Soulis-Liparotaetal., 1991) « sk ¥ @ » % 1 3]

Weiom & B3 ke Spenk o ® % AGEs 4% aminoguanidine i > ¥

IR Bd R e TR R R B TR O AL O R &

(Abdel et al., 2002) -

AGEs ¢ %+ #74 ke 2 W R § T > drd] AGEs &4 “u g 1
A5 P WA R RE AR E RS 0 A FALRIP
TP iEr 277 > 55 S WEF L4 AGEs 2= 2 iF o ¢ 45
Z 1@ < 4 aminoguanidine (AG) ~ carnosine ~ ALT-711 ~ pyridoxamine % ¢
MFEHTE g i 2. = & vitaminB,~C~E-~lipoic acid % (Booth et al., 1996 ;

Vinson et al., 1996 ; Krone and Ely, 2004) - f SRR I T ;;Je;c;‘gq‘ i
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BAclE Rk 2 PR Ep o Hh TRk FTET T
PritiEiz e Uhgs tpd A2 S a2 F el
FEEEEArhT S g d ARG REARM o Tl LRI b pE
i Wl A2 fny CE3 M YRR EMEEAFLDL S
CZEE A S AR I ERT 2 530 LDL F B Rt R B Ry Beu 48 ITRE
L & M F (glycotoxins) FT Al B 2 f om ok 0 fpE Tt FE P
epigallocatechin gallate (EGCG) ~ rutin ~ luteolin 2 quercetin % & ; fsf&
CEFd AAMAL L ER e E R U ABRT AP
(methoxyphenolic acids) £ 3 #& & 2 2p% it /54 (Wu and Yen, 2005) -
P SR AR AR IR 2 R ) TR R 2T ARM R
R YC IR RN EUEAIEE SRS N A E RN
B B NS TR R A FERBRE R F mie N g en
BT FRFIALRN AR F R B S PR R R
2_f%% aldose reductase @ & # i 5 sorbitol F4 ~ 2 2 fEit B ¥ A
P AGESs 2.2} & 2 50w S %3~ 3§ a‘%%’ﬁfi’é it DAG %2 PKC #f fi= s 5v 8
R p AL BERE - CHRREEFETAFIZARE 30 FHia B
FESATEBE? > X RRAERT VAR RPN 22 e iEY

PATF LT pd A& o
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B g ATy B Rt (N BB AR 2 34 0 ]4e aldose reductase v
#] A ek sorbitol #8 p 3 ~ AGES 75 = 2_ #r4]# aminoguanidine # 4~ -
PKC # ¥ i Seabdn| % i Robb Ao An B & 3k 8 % 308 - & 1
B2 pnk o @ AT E RS QTR SR T ATRE AOR B A en i) &
B gp e 4 ot B 5 G ¥R BE (Greene et al.,, 1999 ; Saltiel et al.,
2001 ; Wagner, 2002 ; £ - 2004) -
(Z) 25 1 k5t

FEF g g b T o AP X RIF P E LR
ViR mie > " MROSH kg T oA H I kAW A SRR Mg
i* #* (enzymetic antioxidation) 2 2L % % M Fw g it i¥ * (non-enzymetic
antioxidation) > 4= - 7 (Carochoetal., 2013) - # ¢ £ % {4 ig it iv% &
¢ A 3 gL it pr (superoxide dismutase, SOD) ~ #x %k H *X:F ¥ i fis
(glutathione peroxidase, GPx) ~ &%+ *x:& iz (GR) ~ f§ f= (catalase,
CAT) ~—- 3 it § &=ps (NOS)ZF ; m 2L Mg iLiv* 45 &
% C (ascorbic acid) ~ 22 % E (a- tocopherol) -~ #<%:+4 *< (glutathione) -
# ¥ Qo (coenzyme Qyo) ~ 47 #* & § # (carotenoids) ~ % f=% (polyphenols)

A5
= o
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LA P R g o e

AR R PR AR VERE M Al AG T oW

a. 4z ¥ B it pe
Superoxide dismutase #-4z % FA3p+ @ % 5 EF 2 (HO,) % %

A RAEAZE S Himre 1 X ehig 2 (Beyer,1994) 0 2 F BN de

X
0y +-0, + 2H+—.5(' P H,O,+ O,

SOD % & &£+ engfesd (5% > A2 add £ pas A
(prosthetic group)i:- .o 134521 & ch & s+ 7 &~ 5 = #¢: (1) Cu-Zn
SOD > (2) Mn SOD > (3) Fe SOD = # # Cu-ZnSOD i & 7 &t E 4% 4
$r2 mie B R EEH S P 2 R M eON R 4w 3 & ¢h SOD
A53% (Fridovich, 1995 ) ; Mn SOD P31 & & a3 E 54 2 R SH PN

m FeSOD 1 & 3 & AP A Ficfet £ HMY > S om0 o
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LAntioxidants_]

Non Enzvimatic

| | | Cofactors | I Vitamins & Derivatives |
| Primary enzymes || Secondary enzymes l Coenzyme 010 A (Retinol)
C (Ascorbic Acid)
Superoxide dismutase Glutathione reductase Minerals E (Tocopherols & Tocetrienols)
Caralase Glucose-6-plosphate- - K
. . N Zinc
Glutathione peroxide ~dehydrogenuse Seleni
Fenfum | Carotenoids
Organosulfur B-carotene
Lycopene
compounds yeops
Flavonoids Lutein
Allyl sulfide Zeaxanthin
Indoles 2 _ f
I Flavonols l | Flavanols I | Anthocyanins | Glutathione Nitrogen non-protein
Quercetin Catechin Cyanidin compﬂunds
Kaempferol Pelagonidin Pelargonidin Urie aefd
| Phenolic Acids |
I Isaflavoneids l | Flavanones I | Flavenes | I
Genistein Hesperidin Chrysin

| Hydroxycinnamic acids |

[ Bydroxybenzoic acids

Ferulic acid
p-coumaric

RERNES I ST L

Fig 15. Natural antioxidants separated in classes.

o>

Gallic acid
Ellagic acid

(Carocho et al., 2013)

40, 2H,0, [—> 2H,0 + O,

4H* 20, 4GSH NADPH
{GSSG NADP *

v
4H,0

Bl =~ dmee g MpER 2Pk R

50D = superoxide dismutase
CAT = catalase

GPx = glutathione peroxidase
GR = glutathione reductase

(Finosh et al., 2013)

Fig 16. Cellular antioxidative enzymatic defense system.

60



b. 18 5%

Catalase /&t Fe** — hemeprotein -

X5 G hlmre B E i R
(peroxisomes) b - it #-iB F i+ & (( HO; )Ll 5 kA 3 (HO)#F 45
(Oy) #&m 3 b

e N dodFimre R e A S hme B 0 B catalase

PR G AL Y g Bl LRk GSH-PX ki e
FREF M E o iRdEmre 2 2§ 0§ F (Meyeretal, 1995) - H F

2 L0, Catalase

» O+ 2 H,O
C. £ H P RiEF e

Glutathione peroxidase — £k % 13 &8s R ~ 395K« P R 2 ‘ooz T
¥ o 2 & (selenium) i® 5 cofactor (Jacob, 1994 ) o i®#* 4] 5 B-R
R fi& 7 glutathione (GSH) % * & % it f& <7 glutathione (GSSG) * i3

‘#8% &% 7 glutathione reductase (GR) r# NADPH 5B 7+ &k -

Bt GSSG £ 4 = GSH:» H F i3 40T

GP:
H,0, + 2GSH ——— 4 GSSG + 2H,0

GSSG + 2NADPH — X, 2GSH +2NADP"

2.2LF% % Mg (v (T

a. a4 %
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(1) &4 % C (F#3% o & > ascorbic acid)

a2 FCH - kBB E > A& T AP RSB EINA dod 3}@”5’
wie RN o dug it FI At E C-2 v C-3 5 8 BEg (hydroxyl
group) » TRETF A D A HAET 0 p PR R LN T UL i
( semidehydroascorbic acid ) ( Beyer, 1994 ) o 7 | 4| fg cdidfko a2 p o
AE R AR S o FA3NmE N o VS d gk Pk NADPH B R £
4 By bR R i (Jacobetal., 1996) - i gz bt ACH
BRI R B R AR e T 5
7 35ferg v X $JROS% it 215 F (Aruoma, 1994 ; Beyer, 1994 ) - iz &
LB ’iﬁ‘i“‘ BEFCHRRER » A EERI G2 REY R ER
bRpas >t HChm g AL RS (L IFY > sea FREMLF A F 4o
pd A4 2 (Halliwell etal,1995) -

(2) =4 2E (£ ¥ pg > tocopherol)

AT et Fo R Rl tACEY A L dl (a-
B~ ~0) ¥z tiv* §>B2y>a B ¢y AlLp KA A G
% % (Kamal-Eldin et al., 1996) - % &2 2E X 3% F p d K& pr - ¢
Befr AR P E S R L B ¥ 1 o peroxyl and alkoxyl radicals > @ A
AL R A B AR ARG > A BT RS B2 4 P

P B VR o 2 ZE FF AT
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tocopherol + lipid-O,*» ——— tocopherol* + lipid-O,H

Flp0 et AE FEIELF AT HEAL A TEF A o
WE AP A e oty LB R T s Y R R g Bed end 2

Himre DNA fod-v F ey 3 (Traberetal., 2007) -

(Valko et al., 2006)

BlL- ~ 2 RAEFIELBERd A2 F R

Fig 17.Various forms of ascorbic acid and its reaction with radicals ( Re ).
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b. %5+ & § % (carotenoids)
Carotenoids £ % € & 4= {42 K485 F gt il H i § 2 4
BoBE tpd Ao pd R F R bl4e B-#F B § % (B-carotene)
+ $° f£f (conjugated dienes) iz 4 - Flut ¥ B g i pod A TEH A
SRR EEH > kI FEE CF kw2 (Aruoma, 1994) -
Carotenoids &g d Bgﬁ‘—xf RS Lo blAeR i R AL R R
B-iononek + #rdE 2 FoAv AFEEE 0§ X EAEEAR S o R p d A iuf 5
3 Akss x doiviz % (lycopene) z 11 BRpeprAE > H P X 0BG E
FoRR s pod JhE M BOREF i 4 (Anguelova et al., 2000) ¢
c. w F]+ (cofactor)
(1) # p*Quo (coenzyme Qi)
W FFQuo* FLiLpe (ubi-quinone): i3 &3t A f8& — Bz 2 R Y >
PN ARRARECEFTd a5 BB RFoRIE P AL
coenzyme Q 3 % &4 > ¢ £C0Q~CoQuz > @ A M ¥ 1 & 5 | i
F.coenzyme Qo> F1H B B A ’fs AEER F107] v & (Ernsteretal.,
1995 ; Parmar et al., 2015) -
CoQuo 2 & # i & # MR ff % & 7 = B & °L 4 (adenosine
triphosphate, ATP) & =z #ffs » § # % + @ifdad T+ g fcfridif

Bepl ok (v S e rsae 2 g B L AT Flpt ARV 2

—

;I;’ -
AEF L

>
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o B N adE D ¥ E T2 R $.CoQqrrit (Crane, 2001) o @ Fik
it =6 > CoQuH, (B & i& 2. CoQq) & dm¥e W b 2.5 »xdmd V& » ¥ & i
B+ Wz iis2 2 pd AT H o CoQuoHe (¥ 1 & 2 CoQq) ¥ *+ 41
BT+ Bisad § AR R L CoQuH e Ak » ¥ B P HiEF g s
& (Weber et al., 1994 ; Gopi et al., 2014) - & Z4g4c Bl -+ ~ #7771 » CoQioH,

Y A T
CoQqoH, + Lipid-02-° ——> Co0QqoHe + LIpId-OZH

CoQuo et I 75 #3120k PR £] 4 4 » @ 5 & de e £ » Fos iy

DNAS p R125 f o Shen 4 > MR A 4 & & 2 CoQuik & % % » tm¥

)‘1 S

B I RN £ S T 0 AR e

5=
At B

pn

AT RN T T o PR LG f b P A

(Ernster et al., 1993) -
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H,CO CH,

H,c0”” H
8] H3 10

Coenzyme Q1q (CoQ10)

0. OH
H,CO CH, H,CO CH,
H,C wo S E H,C an
OH CH 10 OH CH 10
Oxidized state (CoQ1qH*) Reduced state (CoQ10H>)

(Ernster and Dallner, 1995)

B~ W EFQuo i

Fig 18. Structures of coenzyme Q.

d. 3 ##&it % (organosulfur compound)
(1) #5542

GSH #_d #%f: (glutamaticacid ) ~ & #:3efg (cysteine) % 4 "=
fe (glycine )% = fa e Aph i 2 B L7 R E S Bikd Flmre ?
Almeh ZEBERZ AT Lweiig ViR - BER
Z_ = 4~ (Sen, 1997 ; Wu et al., 2004)- # % i # 4] 5 GSH #cysteine £
F % R AP (nucleophilic) =hipj4azrs & 2 (sulfhydryl group): # i F +
REPEFApd AL I HERR > F L5522 GSe T GBS A5

3 L iy GSSG o £ - %ﬁf NADPH-dependent glutathione reductase
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BRE GSH> m b pd Al s o " MEMNSE Hiwienip g
(Knapen et al., 1999) - H & i\ 4o

GPx
H,O, + 2GSH —>GSSG + 2H,0

GSSG + 2NADPH L 2GSH + 2NADP*

e. g

Polyphenols 5 {2 4= ® B L5 fehat & > P w & ofifg 1 > 42§
40,00078 » H s3G5t b g dc B oAl A AP chny L iEr g
AAph o AR e 38R ok (flavonoids) ~ fi= 4 (phenolic acids) 2 #2 &
(fannins) & > T 2 A4 B At & 4
(1) _L"‘ji

B Boka it gy o d = B %R % hdiphenyl propane
(Ce-Cs-Co) AN #THEA "ArBl -4 A FAFHRf > 5 S8 £ F

EEEGRF  RABAREFERS > RRERLET A LI M

(flavones)~ % Ak % (flavonols)~ & *=fr (flavanones)~ % = f% (flavanols) -
£ % m (isoflavones) ~ & *= fr f% (flavanonols) ~ = + % pe ¥
(anthocyanidins) 2 & fir (chalcones)® ~ < #g > 4c@l- -2 £+ > 1 & §_

RH G F M hf L AER A E A -
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B4 ~ R 2 AR SR
Fig 19. Structure of flavonoid.

“OH

@]
flavanonol

_ ]
[H] [fhrou“%ﬁ -

H [| = M
S T OH

isoflavone

Bl L F AT P2 B R

Fig 20. The chemical structures of flavonoid derivatives.

68

(Cook et al., 1996 )

o L)

-~ ~OH
(o]
flavonol

(H]

o OF A S
~"OH

anthocyanin

(Cook et al., 1996 )



R

T ERATE P2 FiE I

Table 10. The antioxidative activities of flavonoid derivatives

$A 5 B9 FR |

LA AL B EHL

kb E&HEAE &£ C FH 2.3 double bond » 4-oxofu {2 & H5
3-0OH -

*BIEEF-OHM% > A A CSAE CT ELF-OH HiLi b
i -

* fri b4t - lutein > apigenin > chrysin

kpb &S £ C # 2.3 double bond » 4-oxofu B4 3-OH -

* BIEEF-OHMM% A RACSAE CTLEHF-OH bt
3 -

* fLf Akt ¢ quercetin >myricetin > morin > kasmpferol

3 ko84 (flavanones )

* frifbdt -
>naringin
Fo OH Y2 B R RN TR M -

* H IS8, 1B #E o] # flavonols & flavanones °

taxifolin > naringenin > hesperitin > hesperidin

587 (1soflavones )

% genistin » daidzein = -
kfLAAbte £ 0 £ RARAE HP LBE WS -
* orthodihydroxyl 4444 -

Lo/

#% (flavanols)

* It #E S Hhd 0 C B A ffo 69 heterocyelic 3 » fi AB IR
Mgk EF I s LA EAigF-OH &)
flavones A flavonols £ -

* Hrildbtt | catechin-gallate > catechin

& 8F) cha]cones)

* butein » phloretin » phloridzin & = -
B0 AT o Al LA SR AT 00
Ao
e R R o

lichalcone

dihydrochalcone > chalcone

D+
e
# ~on
o FEH
( anthocyanidins )

* hLa btk

* Cyanidin £A flavylium cation #3t5 58 45 48 AL A0 M it
(pH2>pH4 >pH7) » B & B E AN -

% Cyanidin=dephindin > malvidin > pelargonidin

! eyanidin > cyanidine-3-p-D-glucoside

W bR B2

{ flavanonols )

* FLi b da4 flavanones » 81 OH 6% H B RA M ES
Eﬂ =]

* taxifolin » fustin B2 -

(Cook et al., 1996 )
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< 5B PR g & PpEAEA) S Ao pEAE A 4 pE 3 (glycosides) 7 5 g
SR~ dk 2 BoRfRE T A 2 e (aglycones)f-pE & - @ flavonoid
glycosides ez it 4t flavonoid aglycones &k 33 » F]ytFF pEic i*
gL E Mt 22 4 S (Rice-Evans et al., 1996 ;
Scalbert et al., 2000 ) -

B kg R EH R Ry M B g 2 i § 2
AR ATHEFLE CEER M (1) EA R ST =F oA Pl

EBREaOEEFE R () F B %! 34 2% 3 Mi=Fga
(ortho-dihydroxy) » %6 & = (Cu®' ~Fe )R & § A & (v » i
Bebrl® FiEF 0 F s (3) Bl C 2.3 =83 B4ty 4
BErmA RIgE BERY~LESHE-A) v ACC R 2°5 =

gAY CHRYP A4 BRI MARIEFAINGHE RifrER
e R R SRR S TR ) BN VSRR COAN
B R R VR S PR A S IR S AR~ EER K
% (Cook and Samman, 1996) -
(2) P

ik B AP A RT A G F T (benzoic acid) 2 p A
(cinnamic acid) = #f > A 2 fgAk e 5 R L5 s ¢ ’%ﬁiﬂ

Ha T @it PR EsdliFd Fode 34-2 g F @ (caffeic
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acid) & % fa g 1 ki 3id WA Mgy b4 > BFEF - BEATTF
R R o PIFF g o 20 BT R S e
caffeic acid ~ ferulic acid & *# & #r 4| M % & 3 39 (LDL) ¥ i i 4
(Nardini, M et al., 1995 ; Chalas et al., 2001) -
3) B

Tannins % & 5 A e 2 B d o —iv o i
hydrolyzable % condensed tannins (proanthocyanidins » /& =4 %) o @ &
F ¢ e tannins < % & >t hydrolyzable tannins # 3] - H & F £ 4§
500-3000 dalton » &= & 3 & %>t 500 dalton # % *% 3000 dalton &#_7 £
# i etannins (Hong et al., 1995) - H 3§ i* £ 4 % %3k + 2. hydroxyl
group > ¥ i"f pd AP akrg i s & (Yokozawa et al., 2000) > ® % % &
W By Fe® SFe L apAs A R’ -Tannin AF £ T Bk EE g

d Leng v 5T (Lopes etal.,, 1999 ; Lodovici et al., 2001 ) - # & J& 5% 4o

Fe’'-Tannin + + OH —-IFEE'-Tamlin—l—HgO
b 3 Py & tannins &2 H R RS 4o e (tannic acid ) ~
g+ & (gallicacid) % ¥ {-p% (ellagicacid) * £ 7 #ik R %4 (Horn

and Vargas, 2003) -
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() #d 1= & B

P m B d YR B RO F S AR A o FIA A I A
o f8 R w HEAE ROS A =484 AT MR F OB TE Y chd ROk
Fralg R4 EA S WfREme 2 BRLE G T oA e fE ROS 2
ST R S RS Y A F IR A T Pl 4 o FUC IR RS D VR
E I o {;;yﬁﬁgf{g}%& H g genp 2 - (Greenetal., 2004) -

b3 R o EE 2G5 E B Mg V2R 2 BN 1IN E
AT 2. ROS » i AT 0 Tt § B § B AL G & AT
z_ A HRE LSS E 24§ (Lenzenetal., 1996 ; Tiedge et al., 1997) -
AR ie B 2R 5 % ROS7# » e 7 F A 4§ L px % SOD -
catalase ~ GPx % |7 i & sk ﬂ'—ﬂf (Ceriello, 2003). - 3 # 7 4p 1 > % - 1
W o s B0 FRE TR0 0 - i B 415 16% 0 A 4 T R
(streptozotocin, STZ) 3% %2 # /= &Y # - H Top 3 x4
SOD % catalase 7 *% 42 4% (Vessby etal., 2002) - #* *F - ¥/ & 2 4%
Fep s BAEp a2t 2CE 2 BRI EFFPHE? LRG> Ao IR
vz a4 2V EMHEMEN 2 5 VR4 (Rahimietal., 2005) -3 2 3F % #
T EE P R A Aol R SRR 0 KON 2

BEFR2Z 0k &5 L5250k o
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e

-~ RERHHE
(- &Kk

AR E AR E A ET AT oA LE S L 2505 3
B Rt E (Pigeon pea, Cajanus cajan (L.) Mill sp.) » g 5 L Bk® ] & ¥4
EWITIFILE L 0 REPI T B A > 11 70 mesh 48 & F FIATE §¢
ks R B H o
(= )F RFEERHA

L A @i EE 2 o el 2%

& b Gy
a-amylase (1663 U/mg protein) Sigma-Aldrich (USA)
Potato starch Sigma-Aldrich (USA)

Potassium phosphate, monobasic (KH,PO,) J.T.Baker (USA)
Sodium phosphate, anhydrous (Na2zHPO4)  J.T.Baker (USA)

Sodium chloride (NaCl) Sigma-Aldrich (USA)
Sodium potassium tartrate tetrahydrate Sigma-Aldrich (USA)
Sodium hydrate (NaOH) Sigma-Aldrich (USA)
3,5-dinitrosalicylic acid (DNS) Sigma-Aldrich (USA)
Acarbose Sigma-Aldrich (USA)
p-nitrophenyl a-D-glucopyranoside (DNPG) Sigma-Aldrich (USA)
a-glucosidase (86 U/mg protein) Sigma-Aldrich (USA)
L-glutathione reduced (GSH) Sigma-Aldrich (USA)

Sodium carbonate (Na2COs) Sigma-Aldrich (USA)
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Human recombinant aldose reductase Wako (Japan)

B-nicotinamide adenine dinucleotide 2’-phosphate reduced tetrasodium

salt hydrate (B-NADPH) Sigma-Aldrich (USA)
DL-glyceraldehyde Sigma-Aldrich (USA)
Quercetin Sigma-Aldrich (USA)
D-(+)glucose Sigma-Aldrich (USA)
Bovine serum albumin (BSA) Gibco (USA)
Trichloroacetic acid (TCA) Riedel-de Haén (Germany)
Aminoguanidine hydrochloride Sigma-Aldrich (USA)

2. iF 1 FR 2 FE

= ey
Gallic acid Sigma-Aldrich (USA)
Folin-Ciocalteu’s phenol reagent Sigma-Aldrich (USA)
Sodium carbonate (Na2CO3) Sigma-Aldrich (USA)
Quercetin Sigma-Aldrich (USA)
Aluminium nitrate (AI(NOs)3 « 9H20) J.T.Baker (USA)
Potassium acetate (CHsCOOK) J.T.Baker (USA)

6-hydroxy-2,5,7,8-tetramethyl-2-2 carboxylic acid (Trolox)
Sigma-Aldrich (USA)

2,2’-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
Sigma-Aldrich (USA)

Peroxidase from horseradish Sigma-Aldrich (USA)
Hydrogen peroxide (H202) Riedel-deHaén (Germany)
Butvlated hvdroxvanisole (BHA) Siama-Aldrich (USA)

2,2-Diphenyl-1-picryl-hydrazyl (DPPH) Fluka (Switzerland)
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Linoleic acid

Tween-20

Ammonium thiocyanate (NH;SCN)

Iron(1I) chloride tetrahydrate(FeCl, « 4H,0)

Butylated hydroxytoluene (BHT)

L (+)ascorbic acid

a-tocopherol

2-deoxy-D-ribose

Iron(1I) sulfate (FeSO,)
Ethylenediaminetetraacetic acid (EDTA)
2-Thiobarbituric acid (TBA)

Sigma-Aldrich (USA)
B v g o7 (Taiwan)
A& 2P (Japan)
1 ¥ o P (Japan)
Sigma-Aldrich (USA)
Merck (Germany)
Sigma-Aldrich (USA)
Sigma-Aldrich (USA)
Sigma-Aldrich (USA)
Sigma-Aldrich ( USA)
Sigma-Aldrich (USA)

3. MR M E A AT G R

= R
Catechin, analytical standard Chromadex (USA)
Epigallocatechin gallate (EGCG) Fluka (Switzerland)
Cyanidin-3-glucoside, analytical standard Chromadex (USA)
Genistein, analytical standard Sigma-Aldrich (USA)
Orientin, analytical standard Chromadex (USA)
Vitexin, analytical standard Chromadex (USA)

Quercetin =98%

Apigenin, analytical standard
(£)-Pinostrobin = 99%
Benzoic acid = 98.5%

Ellagic acid = 95%

Sigma-Aldrich (USA)
Sigma-Aldrich (USA)
Sigma-Aldrich (USA)
Sigma-Aldrich (USA)
Sigma-Aldrich ( USA)
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4, A |

& R
Ethanol ( HPLC &) Sigma-Aldrich (USA)
Methanol ( HPLC ‘&) Mallinckrodt ( USA )
Formic acid ( HPLC &) Sigma-Aldrich (USA)
Dimethyl sulfoxide (4 +7 %) Sigma-Aldrich (USA)
= REKA

(= ) *<i 4 & 47 % (HPLO)
¥4 Ebp # B Agilent 2 @ - Eclipse Plus Cyg % $1(4.6x250mm) -
LR ARRL S ] Sum
¢ p A~ Shimadzu == @ LC-10AT 4|
p#is®E o p A Shimadzu 2 @ SIL-9A 7

X7 2 LSRR L p & Shimadzu = 72 SPD-M20A 7]

+op :B:‘h"f % %% ! 2 K Phenomenex 2 ¥ DG-4400 7|

A2 ¢ p & Shimadzu = # Class-VP chromatography data system

|

(=) &5 Eapty
= 78 Hitachi 2 # Himac CF-15R 3]

) e R R R

Ju

(
k4% 1 5L Buchi = 2 RE111 7

kis g 3L Buchi 2 @ 461 4
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# 2 7§ ¢+ p & Tokyo Rikakikai = # A-3S 7]
AEr RS ¢ 54 Firstek Scientific = @ B403L 4|
(2) 425 it BT
/% ' Power Sonic = # 420 4]
(7) ¥ ob-7 Lk kBt
p # Hitachi =~ # U-2001Spectrophotometer
(=) Vortex Mixer
% B Thermolyne = @ & & - A5% 37600 Maxi Mix I
(<) B EEE
% | Corling = # & &%
(~) ELISA Reader
% B Thermo = & 2 & > 4|52 MRXTI
(1) sxa FEAF P LR

% & Perkin Elmer == @ » %] %5 Victor X2
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e ok 18252 35890502 B 5Bt > & R T E B g

AL pERRAEE R EEREE R L PR e FEEC LR L B

(—é
T

Fho W PFERI Y R EE 2 5
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et

S U EE N b A e
BB R B TR 2 e S PRt R B R R R L A R

§OFEE R B4 R YRR 7 HPLC 8 M 5 B A 0 18

MHEFE N A B EAA
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Taitung 1,2,3 ( Cajanus cajan )

| extracted with 95% ethanol, filtered, concentrated

Ethanol extract

Antioxidation

Inhibition on Type 11 diabetes related
enzymes

Inhibition on
AGEs formation

— Total phenolics
— Total flavonoids
—TEAC assay

—a-amylase inhibitory activity
—a-glucosidase inhibitory activity
— Aldose reductase inhibitory activity

Bl Lt - ~ % - FPFEF %R ALH

Fig 21. The first experimental flow chart.

Taitung 3 ( Cajanus cajan )

Germination stages (Day 0,1,3,5,7,9,11)

I extracted with 95% ethanol, filtered, concentrated

Ethanol extract

Antioxidation

| | | |
Inhibition on Type 11 diabetes Inhibition on Flavonoids
related enzymes AGEs formation analysis

— Total phenolic compounds

— Total flavonoids

—Lipid peroxidation inhibition assay
—DPPH radical scavenging assay
—Hydroxyl radical scavenging assay
—TEAC assay

—qa-amylase inhibitory activity
—a-glucosidase inhibitory activity
— Aldose reductase inhibitory activity

Bl= L= ~ % PP &AL

Fig 22. The secondary experimental flow chart.
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— Catechin+ EGCG

— Cyanidin-3-glucoside
— Genistein

— Orientin

—Vitexin

—Quercetin

— Apigenin
—Pinostrobin




()% - BB G E A 2 L2 S
L #HE 2 ph 5542 WA

RAEAE R (RT-08 SIF R 4407 27 28 &

e 0 P~ % 4% Blonska et al. (2004) ;2 7 i &F » 4~ w24 5 ¢

S i 4B 70 mesh & 42 2 5 A (kA 5 £ 12~14%) 4c » 20 mL 2 95%
L EEAAY o R EEERT R

g EESISE 1 min > #2284

T~ AC7k## % 5min> {£3010,000 rpm > 4°C ™ 3o S5min Ty f b

At BIRS EAFIOTEY . BB A o B Bt iR

o B A (2 Advantec - No.5A

E /S 90 mm Z g K)o M RR K

- PR ir o F L REE D - THA 0 P2 400 1] F Bk R G
5 “ﬁf?z’ﬁ§‘l‘%#’l?‘&4cpg¥’ljfﬁlﬂﬁ'/?] L T R A o

BB iv & 4 (Total phenolic compounds) 7 & Bl 2

J 12 % Folin-Ciocalteu’s phenol reagent &2 f= 35 i & 2. OH A F & >

Add FRE2Zpp Bt oL 7350 G A kE S FRkiEA

BREAMTT IR AP T EAS o

% B Julkunen-Titto (1985) z = /2 » 4 B~ 50 uL # 5% 7 kR

f& (gallicacid) £ 1 mL H20 % 500 pL Folin-Ciocalteu’s

phenol reagent ;& £353 » £ 4 » 25 mL 2 20 % Na,CO3:3 % & i » »°

ﬁ%\ W'Ti

_:1»./.“’-

F¥ 20mine e Rk BN RIAE 735 nm T2 ke

80



¥ebg g 7 e Folin-Ciocalteu’s phenol reagent 2_ 355 % T3 v ¥R e
PR & (- ) MEEESS LR e TRy E 0 1 mg
gallic acid equivalent/g extract # -+ o
3. B fr it &4 (Total flavonoid compounds) 7z & B =

RILLAFH b & PR R TV SRR S AR RS L
FrodvpE 415NmF B xSk B FR Gk EARF N AT R E T &
Pz EART o

% B8 Sarikurkcu (2008) ;% » # 250 uL # &% 7 bk B 2 H2d 3
(quercetin) #-%4 &> 4v > 10% #A'psE2 1M fippedn & 50 uL - £ 4c »
14mL L33k > RE&mg »2vgk s 28T F B 40 min> 124 ksk
Bl £ 415nm T2 s kim oo ¥R 7 7 ol f AR 2 RERE T
Zo HRE B TEEY R (s ) NES RS L 25 E
2 mg quercetin equivalent / g extract# 7+ o
4. Trolox§ & #u¥ it it # (Trolox equivalent antioxidant capacity, TEAC )

iR

B3@ % 1% horseradish peroxidase it H,O, 2 ABTS & 2=
ABTS « +» st SRR HES S oo A5 7 H L 734 nm§ <=
kig o FHSE G F A4 P Bl R ABTS .+ 3§ 5 RS

%TETKg’%&FV}»JDIB@l'{"IL‘%’F{W P ILE‘EJﬁ HE BN 4T
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H,O, + ABTS _Pomdse  >H,0 + ABTS -~

Trolox - sk #if A 3r 5 2 ey o @Y LF V2 4
Flet 4o trolox fE L gmE g a4 iRt DR Renp d AR
A% 3t % % trolox § # (pg trolox equivalent / mg extract) » 3 & &2
TEAC -

%P Miller ( 1993 )% Arnao ( 1996 )& % z_ 3 jx 4c 11 13 AF > #-
2,2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)( ABTS ) ~ peroxidase
2 H,0, REHE3 > B % RIERA B 5 100 uM ~ 4.4 unit/mL £ 50
uM» >t 30°C Tk F i Lh 2, 2% engE sk ¢ ABTS: > £ 4 » 250
pL # & (mg/mL)Z % Je )k B 2 trolox {5 5> R &35 >3tk ~ 2
BTFE R 10mins 2 & kR R ERIA & 734nm T2k iE o B iTiE
By R(eFZ) MEEEHE ST pz trolox £ 0 2 pg trolox
equivalent / mg extract % -1 -

5. a-amylase #r#]75 14 ( a-amylase inhibitory activity) | z_
BRIZ5F1* DNS E 3 it 4 > 02 jisk 5 a-amylase -k & 2 s

WREAM A AR SF AR R T LT BRS L BEa e FE R

(®=—+=2)-
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COOH
CHO | HO
HCOH

HCOH HO\ ~© |
HOCH | oy OH  HOCH OH

| - R +

HeOH J\/(/‘\ ]I|[O]1 ( T

ml‘(m 0N~ v v Hlt-(_)H iy ~NH
Ll'lipll ' 2 CH,OH 2

glucose DNS gluconic acid 3-amini-5 nitro-salicyclic acid

(vellow) (orange-red)

ERERNE o SIS )

Fig 23. The coloration of glucose.

%+ Bernfeld (1955)% Ali (2006)% % z_ = jx ¥ 4c 12 i3 &F > B0k
B2tk 5B~ 40 pL 4 > 160 pL 2 33 ok > e L 4e > X W 05 %
(WIV )2_ 45 7% % 400 pL 2 200 pL ( 4U/mL ) a-amylase %% % > ¢
25 CTF & 3min &> p gl &4 ¢ Bty 200Ul FRTHCE s g P o
dboor 33 B3I M PR RS RSA - WA KPR R
( 3,5-dinitrosalicylic acid, DNS )100 pL » #t-k /& 85 ‘CF 4c#t 15 min 1«
BobFE o E4exr O00uL 2 3rF ok o R 355 o e kSRR HE A
540 nm Tk i > B H Frg] 5 - Positive control @& * acarbose H i - f&
el B AR ER > B 1,?%%;1 NHF Prd|pEfRRE Z niT Y > RE
Bois B o HE o

a-amylase$r#]iE 14(%) =
((Aconror = Avtank) = (A sample = A sample blank) / (A controt = A bien) J x 100
A control © %%+ 7+ 95 % ethanol : buffer = 1:3:2 & %
A biank © Buffer+ L #+95 % ethanol : buffer = 1:3;2 & %

Agmple - BEF AT +E B
A sample blank - Buffer + 28 B+ 5B~ 4=
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6. a-glucosidase #r+#/|75 1 (a-glucosidase inhibitory activity ) B] =_

%% Adam (2010)z. = ;2 ¥ A 4 i3 4 > >~ 5 mL pH 6.8 sodium
phosphate buffer 2 0.2 mL 3 mM GSH ( L-glutathione reduced) ~ 0.2 mL
o-glucosidase %% % (0.15U/mL) 38 &> 37CT 5 & 5minis 7
4 0.5 mL 0.3 mMe F 4-nitrophenyl- o -D-glucopyranoside ( p-NPG )
Al mLFRHE S R 37 CTF B 20 minté » KR £ B 2
mL £ 4c >3] %2 8mL100 MM Na,CO3 737 "L 2 i & » B2 4 B4 0k
HE Ro>raakER 2R pH A 400 nm. TF Hekosk (B0 B H e 5 o Positive
control # * acarbose # & — fdinf & = AR OEF 0 & 2 prdg A
T Er I PEARAE (T 0 R A B A o

a -glucosidase Fr4|iE +(%) =

(A control = Aptank)  — (A sample = A sample blank) / (A control = A plank) ] X 100
A control © % F + 28 B+ 95 % ethanol = buffer = 1:3:2 & /%

A piank - Buffer+ 25 5+95 % ethanol : buffer = 1:3/2 & %

A sample ]ﬁ?% +A ?ﬁ‘kf%\;}'ﬂ
A sample blank * Buffer +4% %ﬁ_'l'_?:ﬁ’*#%
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7. Aldose reductase Fr+#1]7% 14 (Aldose reductase inhibitory activity )ip| _
PR B - R glucose 54 aldose reductase * # f* NADPH
gL it 4 g = sorbitol (hiE AR (B - ) o @ R R X P
DL-glyceraldehyde - §| * & = NADPH & & » & - NADPH:E i =
NADP" j& £ 340 nmz wx sk & ¢ * % > p|H 10 minw (s 2 %1 > ja @

aldose reductase #r#|%F o

hexokinase
glucose ———s glucose-6-P / \ > CO,
NADP* NADPH
|- NaopH  Napp+ NAD*  NADH
aldose sorbitol /

- reductase dehydrogenase = 4

Bo e 5 (b HEEs R
Fig 24. Polyol (sorbitol) pathway.

% I i3 4% Palanisamy et al. (2011) = ;% » #3046 ]2 #% 5220 uL 4¢

4

\\\?{y

»~ 870 uL pH 6.2 sodium phosphate buffer ;& & {4 » %g{s & 4c » 10 pL
aldose reductase (0.2U/mL) 2 50 pL 3 mM NADPH -~ 50 uL 5 mM
DL-glyceraldehyde 3532 & > 25 ‘C™ & & 3 min{s » *% 4 & 340 nm
TRl H 10 minF sk B2 L o H FrdF oo ISR e

quercetin -
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Aldose reductase & HFr41(%) =

(01 = (Asamplermin = A sample blank /min) J / (A control /min -~ A blank /min) J X 100
A cmple/min - FEF AT +E P4

A sample blank / min - Buffer + 25 B+ 5 B~ 47

A control /min - %7 +28 B+ 95 % ethanol : buffer = 1:3;8 & iz

A blank / min - Buffer+é B +95 % ethanol : buffer = 1:3:2 £ /&

8. F—v FPE it FrdliE iRl 2 (Inhibition on AGEs formation)

RILL A FAEE 2 i v (‘bovine serum albumin ; BSA)Z 2
wHFE BA A B KPR A 4~ (advanced glycation end products ; AGES) » 14
= # pppk ( trichloroacetic ‘acid ; TCA) #& AGEs /i > £ 12 pH 10
alkaline PBS % f&v » 1% 5 # & % /4 %A+ B & %370 /440 nm™
RIE F kR > &nfad 3y TR F Bz drdls -

- ¥ 1% &/ Matsuura et al. (2002) = ;% » 2400 uL BSA 4: »~ 80 uL
1M glucose % ziHeiBl2 % 20 uLiR £ 323 » PR E4F s B 22 60
T2 4CF 48 h> F % > &% 100 uL 8 £ % 4c 100 pL 20%
TCA ¥k F g EF-v Btk > 2 F 3 min BLZIUEKR IR » 2 {812
10,000 rpm~ 4°C#E i 7 g 4 min STk -0 o B (58 ",ﬁ%J R
B$ 1 pH 10 alkaline PBS 73 f2 3-v 5 » £ 1% % 75 a ¥ kA 3 4R
vt 370 / 440 nm TR H F Sk sg R o HE el o I PR e H
aminoguanidine » % #r#4] AGEs ) = 2_ Z 4 o
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0 TPl F (%) =

1- [ (ABsa+ Glucose + extract)~(AsA + extract)/ (ABsA + Glucose)-(Assa) 1 X 100
A Bsa+ Glucose + extract + ~- X 7 3-8+ § AEHE PP

A gsa+extract © = w i -9 +Buffer +5 >4

A Bsa+Glucose © = & i 39 +§ § #&+ Buffer

Agsa @ 2 i i v +Buffer + Buffer

(Z)5 - PAEFHE TR ST LB S5 IR 2 3 TR

FE Ry P DhEA T e BN S A Z8E 0 F 5 g
fAF s - BFHRE os Bl g KR 4R iRe3 0.05% =%
F fad4 %P 30min (Alexiaetal, 2007 ) » £ ZAg-KiEx= =t > e
T EFBHEDCRAEP/NEERREA8h-F L p #3125 5 (OP-2
BALEIP)BEe Tl LT g BEfs T4ty e
PREL S T7Tom x 9cm < i e (block) oo 2 & e 2 R R
e 25 C~#Fk ~* Ohf ATk k- =x » & =0 -k 10sec "KiRig * -
XAk F 24N H- K oI A LldayH R AuE 01
3579 11day:E 7t T 2 FRT 0 F L3O pAE-KBRZ =X B

RIBFE2 18 > T IR SO RA T B0 TLATHE T & o ATH
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TR KYE ] B
KA
K
D B KE IR
L B4
: 32 ¥ #%(8 blocks)

il lwigeliveie g

Bl=~ 3~ f#7iipEs LM

Fig 25. Schematic structure of automatic bean-sprout cultivator.
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CARERIS

cfr”r

ok BN R IR Y BFI0E 0 Hick R E M ER
B (RT-08 > B AL A d 0 0% BEASK -
b. # 7 #fE X B
FBeeh 2 24 Blonskaetal. (2004 ) 4e 02 i3 x> A WX 5 g
< 70mesh érie2 T AT H A > 4e > 20mL95% ¢ fE3 AP -
BEE CWRIEET > UFFBTRBE Lmin> BIBF 50 4C Kk
# % 5min > {53 10,000 rpm ~ 4°C ™ e Smin ¥z ik o BTk
PEAF TR e ik B3 K o Bz el sh) iR S § BiR2 f
7% ia (1 Advantec No.SA 2 £ 90 mm 2 jjg 1) 1 f B Ok S -2 fiR 4 5C
oL I - M PN 400 ] B e go i AT 0 2 5 B T AT
ELEHBEDY -
W ps v & F (Total phenolic compounds) 7 & /P
SBE-IFER(Z)2 295> 2
3. B pr it &4 (Total flavonoid compounds) 7z & B =
SR E-IFE(Z)2 39 %> 2
4. P F & W3 1 4 ¥rd] i H(Lipid hydroperoxide inhibitory activity)2_ | %
oA B PRI RIEE S g phdsiz (ferric thiocyanate
method) ] < 37 ke ge 5 it & 5L (linoleic acid emulsion system) ¢ 2
BE P DN AL X ES o BT R
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Fe*' L & SCN'F Ji 2 & = & e § fedsiss £ 4 [Fe(SCN) ) & £ 4+
500 MM & F B A R E o F 4o o
ROOH + Fe** — ROH + OH™ + Fe**
Fe**+ 6NH,SCN — Fe(SCN)¢> + 6 NH,"

g I/IZ

_— Z

&F Mitsuda et al. (1996)% Kao (2014)% « = /2 » #-7 #fE
v fig % P~4 ~BHT-ascorbic acid 2 « -tocopherol sz fg 3 % & 2~05mL -
mHRELEE2Z o m05mL o £ A A 54~ 0.02 M 2 linoleic acid
emulsion 2.5 mL % 0.2 M sodium phosphate buffer (pH7.0) 2 mL » z_ s 3%

FOMALR £ 0 BN TCEEE R Y > B IE 240 Bt it

A
)\F‘w-—‘/

N,

2R ER 01 mL> £ kB4 > 75% 2 ¢ BBz 47 mL~30% 2
ammonium thiocyanate 0.1 mL % 0.02 Mz = 3.5% HCI z_ iron(1I) chloride
tetrahydrate 0.1 mL - 3& i 323 {54 % 3mins 22 Lk & 2HpH 4 500 nm
AETHEEE o FENITCHRAMEFERARL > R TiEE Tbﬁi&ﬁﬁiﬁ?% ’
Gy P22 R EARS 0 B S PIF SR i M Fig LR E
Fryld EF tehAd o REIFRPYE > AR BEARRLTHESRE
4 A% > BHFEHIF IPY% -

P& E #4115 (Inhibition on peroxidation % ; IP%) =
(1 - (A 500nm ofsample/ASOOnm ofcontrol)] x 100

€ Linoleic acid emulsion (pH7.0) z %l = ;* % » »50 mL 0.2 M sodium

phosphate buffer (pH7.0)® 4 » 0.2804 gz linoleic acid % 0.2804 gz
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Tween 20 » 2 £ # 3T F kR > 7 ATHFR Y -
5.DPPH p ¢ ffki%-",éf it # 2% (DPPH radical scavenging assay)
RIELFF pd A DPPH " a2 & SR, I & > pt 1
L4t 517nm TEF B AR kE 0 F e r B L IER 2 F s A

ERUFFL DPPH. - # B %37 4 T3 chDPPH - # 3¢ fit - )

RH
N, O (Antloxvdant)
0N Q& —N \ QN —N
o O
2,2-Diphenyl-1-picrylhydrazyl 2,2-Diphenyl-1-picrylhydrazyl
free radical (DPPH«) (DPPH)

W=+~ DPPH f d gijipiE» 2 F st
Fig 26. Reaction of scavenging activity on DPPH radical.

4. Shimada et al. (1992)= i 4r 12 1§ 4 » 3% 600 uL4% &4c » 0.008
% DPPH™ Fb73i% 600l >R £355 » ok « 3387 5 5 30 min » 12
kR R HRIRE BITNm TRk o fI % fps il e vk @

TR A R R 5 (%) %ﬁll %,%r%‘}%-",ﬁEDPPH pd it 2

qu
‘Ln.\
s

VREEFRCEET o AT RS 4 AR
6.3 ¥ pd A fsb 7] Z_ (Hydroxyl radical scavenging assay )

EFpd AP BAYEREOp D R T AL A N ES

e

& pdp it 2 T A AR )Y T4 {r EDTA g & 5
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BPHTAT » g8 HO, F o2 * 45 f o £ F aildeT
Fe*" -EDTA + H,0, — Fe**-EDTA+ ¢ OH + OH'

13 pd REFIFPPEE 7 5 A o ihfi el T4
4-@BFitF T2 %F AP A - F ( malondialdehyde,
MDA) > 5 = fg € &2 /2= v L & ( thiobarbituric acid, TBA )F &2 =
thiobarbituric acid reactive substances ( TBARS ) » TBARS &4 & 520 nm
TRRkE o FHRELTE A AFANS > MDA 2 A E £ 4p

# TBARS » "2 " K> Flr s L@ AR KA T i a § pd A

AR 58 o
%+ i3 4% Sakanaka et al. (2006)= ;% » B~ 0.45 ml 0.2 M sodium

phosphate buffer (pH 7.4) ~ 0.15 ml 10 mM 2-deoxyribose ~ 0.15 ml 10 mM
FeSO4- EDTA ~ 0.15 ml 10 mM H,0, » 0.525 ml 2 #+ -k 2 & 2 0.075 ml
#E ¢ B85 P-4 ~ BHT - ascorbic acid 2 q-tocopherol e fgi3 %8 &
2353 37T CTF R 4h} it 0.75ml28% = & frpt (TCA) {r
0.75ml 1% Fr® v L2 %0k 2 B d & o #-F iR &% 85°C oK 4o ft
10 min {8 - kig 4 gr o A kR R T 520 nm TR H ek B 0 dr e
”iiibﬁﬁﬁﬁ%’ﬂ“QﬁﬁE%%$o

Hydroxyl radical scavenging activity (%) =

(1 - (A 520nm of sample/A 520nm of control) ] x 100
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7. Trolox# & #v¥ i 5t 4 (Trolox equivalent antioxidant capacity, TEAC )ip] =_

\\\?{r

By -Irf(c)2 495%™

8. a-amylase #r+#|7% 1 ( a-amylase inhibitory activity) | =_

\\\?{r

- Irb(c)2 595%™ 2
9. a-glucosidase #r+#1|75 1 (a-glucosidase inhibitory activity ) B] =_
FRE-IFE(Z)2 6F %> 2
10. Aldose reductase #r+#1] /5 12 (Aldose reductase inhibitory activity )ip| =_
FRE - E(Z ) TH%> 2
11. F-v FpEi #rdliE 1 (AGEs formation inhibitory activity ) ] 2
SR - PEE(Z)2 895k 2
12. %+ fit 7 € 2= 4 47 (Liu etal.,2010)
a. & AJE
12 DMSO #-7 fr 5 5 2 dice L& chffe S F 3 2 28 » 270
UL ¥ benzoic acid 35 pL % ellagicacid35pL® & > £ 12 022 ym |
BB BB RS > B~ 20 Lz » HPLC A 45 > smig d1ml/min o
b. HPLC % i
F % A4p E 1 * 5 4p C18 column (4.6 x 250 mm) » #d4p & 7 A
e A 100%° g2 B b A 8% T pLar o HRIEELZ 0OminpF B

70% &1 1 20 min BF 5 65% > 1 30 min pF% i % 55% > 30 min 3|
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50min B i* #%& &£ d 55% "% 7] 50% - - ® 3 52 min *% 5 30% > 3| 60
min % ] 10% > @ 70 min pF B * & &£ 4 10% #& 3 3| R L 570% 0 )
* photodiode-array 1 ] ® A& £ 190-800 nm T iE {7 A 47 o & PSR
+ fr %2 55 catechin + EGCG, cyanidin-3-glucoside, genistein, orientin,
vitexin, quercetin, apigenin, pinostrobin, benzoic acid # ellagic acid - H #
catechin + EGCG, cyanidin-3-glucoside, genistein £ benzoic acid (p %
&) & 280 nm T X% 4krx ki 5 orientin, vitexin, quercetin, apigenin,
pinostrobin £ ellagicacid ( % &) % 347 nm T %43k @ o
(z) %3t a7

FoEETE B E=EAH > N T BE + R L ( Mean
SD)# 7+ » & # * Statistical Analysis System ( SAS ) 8.1 5= z_ si3- o fl &
7% 2 #ice 7 (ANOVA) £ Duncan’s multiple range test 4 47 ‘e B endg

FARAEE BHFARLELZP<005-
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N N

- BER AR e B

% 2 % 2 a—amylase 2 a—glucosidase 7] -2 g A Bl -k iv & 30 ek i

LRI A B AR 0§ oRaE B AR £ el 8 R

T e RSB L AELIRE o Fgd E R e BRIP4 A pEfEpE
* 2R R A Ry TS GE iRy NENEA S
FEE pf Mz e Sd 0 2 G N et e BE T L 1S R
TORER ok o
() AR ERAE L SRR s R X R £ R

W5 QI RME B 0 % B HSFWEES 2 5 11 20 mL 95%¢

AR R RIS AR L k2 e U

‘.mﬂ

TR E A 0 s V@ e s E B4 (Blonska et al., 2004) » F B

dod - o Z B EfE2 FBS 4352701 283 %W 0 E L R E L
LR R A LR N A R % BRLERIE o NG SR Y e
HZ2 85 2rdng (V58 4pkE (Zhang etal., 2012 ; Choi et al., 2014) -

Folic-Ciocalteu’s assay = — f@a R L * T BRI E f s it & 0> 2
Folic-Ciocalteu’s phenol reagent ¥ £ #* > fszg it &4+ enOH £ > 8 2 &

4d FHEEaps # (Julkunen-Titto, 1985)°¢)I%— L 3 RS

3|
|

o

YofRRp (TS B RE it & 5 F P~(Sunetal., 2009) » F]p AFT T LT FRE (T E
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Bl - Y AZME L C YRR

Table 11. Extraction yields of ethanol extracts from three varieties of pigeon

pea in Taiwan
Variety* Extract(dry weight, g)  Extraction yields(%)
Taitung 1 0.1396 £+ 0.007 2.77+0.01 a
Taitung 2 0.1438 + 0.009 2.83+0.02 a
Taitung 3 0.1375 £ 0.008 270001 a

*Sample weight : 5¢g
Bars represent means+SD, n=3. Means with different letters are significant
difference (p<0.05) by Duncan’s multiple range test.
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55 417 gallic acid (GA) it 3 -3 & > # 542 5 > GA§ #7425

AN

%z & » 2 mg gallic acid equivalent/g extract % -1 » BEA%X% % 7+ fim 5 i

T

Lhaxs B Lo LA EME e BERSY BB R R B
SR BEEAMHEY oK 3 BEERI A ZEE 26415 mg
gallic acid equivalent/g extract - ~ & 2 .=t 2. » i¥ 200.55 mg gallic acid
equivalent/g extract - Al-Saeedi et al. (2015)#-#t & £ 12 ? fR & (7 JFF 5 P~
EAawuI e F i cROMmETITHBRRIPEL RSP RIE
HAm s B MEBP 5 7400 Hep® A e A & iE 153.00 ~ 86.30 -
57.40 2 42.50 mg gallic acid equivalent/g of powder crude extract - + 7 2%
MTRIE SN 3 HRZBF I ERR N T AT RERSE
Nantitanon et al. (2010)47 e dr 2 It a2 lo & € X P8 ~ TR 5 %
ta 3k 2 EXIFRFFEIFFRE L5220 Va By
ENCE TR A

Bk B RE T &4 - 384 > A Bk v quercetin 1F G R &

ZRFIMzEFHREFROAIREFI N EHLSE (p<0.05)
H % #i% 87.90 mg quercetin equivalent/g extract » 2 &= B 2 5 L 2 5%

150

-

~ W) iE 55.34 2 47.74 mg quercetin equivalent/g extract - 5 4 3 %L

Tk

PR ERBITAAFIEARIEAEAIFRI DT E 2

Ik
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Fig. 27.The total phenolic compound contents of ethanol extracts from three
varieties of pigeon pea in Taiwan. Bars represent means + SD, n=3.
Means with different letters are significant difference (p<0.05) by
Duncan’s multiple range test.
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Fig. 28.The total flavonoid compound contents of ethanol extracts from three
varieties of pigeon pea in Taiwan. Bars represent means + SD, n=3.
Means with different letters are significant difference (p<0.05) by
Duncan’s multiple range test.
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(Sarikurkcu et al., 2008) -
(Z) 7 b SfAME S22 f ta 4 iR

1 TEAC 2 &~ 47 54723 1° 4 >4 * peroxidase ¢ it ABTS &2 H,0,
A FHd Er o ABTS « a3 g d 2o § 3§ 572 ABTS -
BLis e KET R IHRPIIRE V4 2 3835 > 12 trolox iR &
¥ B ApgtE B 0 14 mg trolox equivalent/g extract %7 > & £4%8 &7 #
iy it 4 A% o Bl A4 5 A fANTE L IRE B2 trolox § B 4nF

LEE Bk AR T o o 3HE H 4 RF 0 i 2717

i

mg trolox equivalent/g extract> i % 5 5 & 2%.718.77 2 1 %.:711.80 mg
trolox equivalent/g extract- Tabart et al., (2006) = #* % 4p i {ed ¢ 34fs 3 £
2 TEAC 413 (VBT D APRARE > FIF F BaAF G o 1
R 3ELE BB LIy B BN AT E &L 1L 2 5

2 3ELEF A VA Rl BEHEA MK 35.846%E 8 0 HAG

LK 28n486% B AT KL RS (M0 2012) -
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Fig. 29. Trolox equivalent antioxidant capacity (TEAC) of ethanol extracts
from three varieties of pigeon pea in Taiwan. Bars represent means
+ SD, n=3. Means with different letters are significant difference
(p<0.05) by Duncan’s multiple range test.
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(2) 7 b SEHte 555 HpEfRps & drlF e
R BT pEfREE % ¢ Fo-amylase % a-glucosidase v 3F 5 A7 R
R SR 2 MER 1 &4 £ 3 drdla-amylase % a-glucosidase i 4
(Tadera et al., 2006 ; Gao et al., 2008) - Hsieh et al. (2010):% % &4 % B~ 3~

PAEE e G R AlE RS AT SRR TV S e F RS 4

all

Hwdinm REEFAR - HEEPF T3 ER 9P T AP

|

I AR E 5P Hrdla-amylase 2 a-glucosidase &1z B
B xup s R R & E & * % P acarbose T 5 e

Bl= -+ %% A= fafte ¢ i 5B fa-amylase #r] 512 B %

5

Sdpdo = FEE P A 5L 35T BRF 2 el F 52.20% - dri e

% & F(p<0.05) 5 e >N f=d) fe acarbose 2 Frd | o A L L - BLZ
- e wif 4831 %2 4718% - B BlZ - L E A - fAstE L IR
P4 $to-glucosidase Fri| Btz B8 > A kT F b SfAME F P 2
B o K387 mFHrd|F4957% - H s S8t gE LR (p<0.05) >
e 143t acarbose 2_ #r# % 59.13% 0 AFT T R *F 2 BE A ZH o F A

AHLH A R T RS N RJE s R F T FE AR T i o
a-amylase % a-glucosidase & fEfEfEf% & AR P K fEoTiE® iz}

e o Soa-amylase "R fE¥ 4 5§ F 4 - EESBH 0 9 Ko-glucosidase

KRS 5 F 5 4 T adrdliE M o 3 F £ a-glucosidase #rd] v % o

W
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Fig.30. a-amylase inhibitory activity of ethanol extracts at 0.3 mg/mL level
from three varieties of pigeon pea in_ Taiwan. Bars represent
meanstzSD, n=3. Means with different letters are significant
difference (p<0.05) by Duncan’s multiple range test. Acarbose at 0.3
mg/mL level.
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Fig.31. a-glucosidase inhibitory activity of ethanol extracts at 0.12 mg/mL
level from three varieties of pigeon pea in Taiwan. Bars represent
meanstSD, n=3. Means with different letters are significant
difference (p<0.05) by Duncan’s multiple range test. Acarbose at 0.12
mg/mL level.
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RERMR SRR S AR E N AR EPE G R 0 ok E MR
» #%& (Fred-Jaiyesimi et al., 2009) -
()% b SRAMESBFHEHERPFFHELE BREL A4 2
2 475t
FrpE R B pwipl 2 5 g glucose 54 aldose reductase % #f fix
NADPH i & % = sorbitol & 4% > §]* &+ NADPH R R F J& -
& 5 aldose reductase #r4] 3 » ¥ 12 2 aldose reductase Fr#|sx % &
quercetin ¥ & &+ ¥ #4]% (Palanisamy etal., 2011)- Bl= - = % 4 & = fd it
BT IR R R AR B SR D 3 R RER &
L3 5idrdlrck i 2 BF(p < 0.05) Frdld & 61.10% » K301 Fd ke

quercetin z_ Fr4| % > S K 25 %2 15 drd| % 2w 5 5544 %% 56.17 % -

b gl A AGES VA + BIALFI ™ § 5 R 2 & iF v S §
F 2 & AGEs: £ RIH & LaRHE T PR drgld o 1 peins)
% »cdr4] AGEs 2 # 4 aminoguanidine i* 3 & x4l - Bz~ = 524 A&
CHRAEHELBEFFRHESBIAFPHE BT BT 0 oL 3
BLEE 43T aminoguanidine 2_Fr4] F e fgp iRt H B —*ﬂf LAy s F IS

(p< 0.05) » #r4] % £ 56.75% » @ & & 2 8% 1 gdrd| % A it 48.44 %

% 50.32% -
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Fig.32. Aldose reductase inhibitory activity of ethanol extracts at 0.14
mg/mL level from three varieties of pigeon pea in Taiwan. Bars
represent meanstSD, n=3. Means with different letters are
significant difference (p<0.05) by Duncan’s multiple range test.
Quercetin at 0.14 mg/mL level.
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Fig.33. Advanced glycation end products inhibitory activity of ethanol
extracts at 0.16 mg/mL level from three varieties of pigeon pea in
Taiwan. Bars represent means£SD, n=3. Means with different letters
are significant difference (p<<0.05) by Duncan’s multiple range test.
Aminoguanidine at 0.16 mg/mL level.
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SRR NS S AR RS i R s Tt
P Bed FEEC AT R AR BRI S L 35 B S R
P FE B2 e S TN ER S A3 E TR T A
FEH2 RS TR LT N hR2 AN o mibia o
SRS A RF T RT R  ERREE BRER

fegr F-v Fpritdrilics 2 PP

EHELAES BN T PR G e B S K35 uE Y
GRARIL Hhd 2 EH TR 0,1,3,5,7,9 1l day 2 ¢ fRF PP £ 3
FuF R FedpEIBAE S > MRERIFL B R B v

ARBHET L S NGNEEETER

ey

F

(C) #TEFREHCLIFEMERITF - A2 LR 7 2

‘

FBFmaded Lo o BRI g YRR 2 g 40 273 ~
293% 2 > g ¥ mEkE % £ B - Oloyoetal. (2004)4% 13 ¥ $t#t+e ‘e
CHP TR AL T g HER TR ENFE

Ko aBPTE2RECEFRHARIE Rt SEFTERHLL
3HMMECBAPPARZEZRT SRS R B ER T

R A BB PR TR ST Y TR 4 R riBg it 377.98

mg gallic acid equivalent/g extract> @ % 5 % %2 % 9 % =t 2_» 4 u| 5 318.57
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Ao RAME SASHED RHETEEL L RE I E S

Table 12. Extraction yields of ethanol extracts from different germination

time of Taitung 3 pigeon pea in Taiwan

Germination time* Extract .
_ Extraction yields(%)
(day) (dry weight, g)
0 0.1463 £ 0.45 293+1.03a
1 0.1363 £ 0.31 2.73x0.17 a
3 0.1399 £+ 0.38 280+13la
5 0.1449 £ 0.13 290+094a
7 0.1387 £ 0.20 277+134a
9 0.1419 £ 0.17 284+129a
11 0.1408 + 0.28 282+124a

*Sample weight : 5¢g

Bars represent means+SD, n=3. Means with different letters are significant

difference (p<0.05) by Duncan’s multiple range test.
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Fig.34. The total phenolic compound contents of ethanol extracts from
different germination time of Taitung 3 pigeon pea in Taiwan. Bars
represent means- £+ SD, n=3. Means with different letters are
significant difference (p<0.05) by Duncan’s multiple range test.
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% 323.76 mg gallic acid equivalent/g extract -

Bl= T A2 a7 R A 35AE L BREPS Y R
FEZRE SRRl H i -RUEMHEFTER SIS T XET
oA F T ST ARG R M EREFSF B X 8(p<0.05): & 90.80 mg
quercetin equivalent/g extract - @ % 7 % 5 % =t 2. > £ 82.09 mg quercetin

equivalent/g extract - F 2% ¢ W s 2 WS M 2 £ K A0 e enag 3 o

FU* L § pedBoE ROpI T R et kAP 2 BF Vo T E A
A A2 FiF P 8 FeE b Fe¥ s FeT L 2 SCN'F a2 & i d
SRR FAABSE £ g BT CAERARB EEF L2 A RS
Fd 2 WESNF FHR&EFLGEF DAL EREIZRPYE
ok B A% & T Rk -4 1Y 4 4A%5g > 2 BHT / ascorbic acid / a-tocopherol

En Rl P AR IP%e Rz L2 L RETERHS L3R

e BEBRFY TEF SRl BT SR A7 BT
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Fig.35. The total flavonoid compound contents of ethanol extracts from
different germination time of Taitung 3 pigeon pea in Taiwan. Bars
represent means = SD, n=3. Means with different letters are
significant difference (p<0.05) by Duncan’s multiple range test.
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Fig. 36. Lipid peroxidation inhibitory effect of ethanol extracts at 0.1 mg/mL

level from different germination time of Taitung 3 pigeon pea in
Taiwan. Bars represent means£SD, n=3. Means with different letters
are significant difference (p<0.05) by Duncan’s multiple range test.
BHT, ascorbic acid and a-tocopherol at 0.1 mg/mL level.
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P 5T FRFLPrAF6042% 2 H W A L AFE LR (p<0.05)
ez At g e BHT 60 64.76 % » 3 *t ascorbic acid 7 53.61 %%
a-tocopherol £754.10 %> 5§ 5 5 P B 3 e > 2 Fr ) F % B 5 54.06~54.30
55.80 ~ 56.52 ~ 60.42 ~ 58.05 ~ 57.06 % - Bajpai et al. (2014)# * £ 3 &
¥ 12 -k 4% (M.glyptostroboides) ¢ fik o fig % Bodr & (7 8 B § 1R 2o

S % dp I E FrdlF A 0.1 mg/mL pF LX) 5 40%: £ H p) i a-tocopherol 2 3

b DPPH pd Ajftpic 26 2 & {1% 4§ pd fhen DPPH @
FRigie 2P LFEEd e gher Rdny MIER 2P TR g Rk
H+% DPPH+ A d ko @B %2734 3 7 DPPH » vk & ¢ g2 '
o I AR L Sk BT A WHETR &' DPPH g
d a4 2953 MEF S KIET % o i 4 4% & (Shimada et al., 1992) - )

AR FTERH A3 HE L BERS DPPHngkin 4z

g
4

) %M % T X DPPH pod AF ﬁc‘ »rh B 5 B ¥ (p <0.05) >

ke R 242%’@%\5&7mﬁfdi“f FALT3R ER T TN

«—a

dvo e & ik B 5 53.47~64.03~75.53~78.63-92.42~79.91 2 75.90 % -
Sweetie et al. (2011)2 Zhang et al. (2012) %= 3 B %324 s 7 £ &2
DPPH f o i 4 £ 5 TAPR(R=0.97) » AFF 5 %% 4 F 4p kil

# o

114



100 - A
—~ 90 -
o B
< 80 - c 5C BC
Z 70 - D
S 60 | E
2
.5_’50_
840_
=
3 30 -
T 20 -
o
Dlo_
0 T T T T T T
0 1 3 5 7 9 11

Germination time (day)

Lo g AME LA 3B RS TR LB (1 mg/mL)z

=
fu

DPPH § o it it 4

Fig. 37. Scavenging activity of ethanol extracts at 1. mg/mL level from
different germination time of Taitung 3 pigeon pea in Taiwan on
DPPH radical. Bars represent meanszSD, n=3. Means with different
letters are significant difference (p<0.05) by Duncan’s multiple
range test.
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FE P AT AT AT AEF VT As BT B TALL
AP %A TS o EDTA chi 4 A pH 747 > ¢ 22 HO0, F &

AxgFpd Ao B e FLF L2525 MDA MDA ¢

e

I

TBA 7 52 % TBARS » ¥ 55 & § p ¢ AfFhii+ > MDA 2 &
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257 g—*f F 3% 45,99 %o 27 i Fra) e qp ol ;Fix,ért Z % > gscorbic acid 146.94
% > B ¥ % *> BHT 142.89 %% o-tocopherol =135.24 % > "% 5 p% ¥ 3
b ;-;—K,tr F ik B & 39.156+38.47~39.70~41.44~45,99-42.80 2 41.18% -

RAFLE A NSO R AL B TRERE L3 EE C R

P Trolox % 43 v 4 2 @8 2

i

R AE TR TR RRE VS EES
WH B X (p<005) @ #F % 0,1,35,7,9 11day H trolox § £ & &
% 31.49-57.89-65.98+82.70-94.51-85.36 2 82.66 mg trolox equivalent/g

extract - H g it 4 333 A 2 Day7>9>5>11>3>1>0-
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Fig. 38. Scavenging activity of ethanol extracts at 0.1 mg/mL level from
different germination time of Taitung 3 pigeon pea in Taiwan on
hydroxyl radicals. Bars represent means+SD, n=3. Means with
different letters are significant difference (p<0.05) by Duncan’s
multiple range test. BHT , ascorbic acid and a-tocopherol at 0.1
mg/mL level.
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Fig.39. Trolox equivalent antioxidant capacity (TEAC) of ethanol extracts
from different germination time of Taitung 3 pigeon pea in Taiwan.
Bars represent means £ SD, n=3. Means with different letters are
significant difference (p<0.05) by Duncan’s multiple range test.
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frup % &% PR 54y 14 3 2 1254 (Sweetie et al., 2011 ; Zhang et al.,
2012) s FIN VR AR P RE D ENFE TR T X3 R E2
REpEERMmit ey R L2y Ao HF -
(2) # TR L 35 BEfERF il a2 B

PRI FE A P TR E SRR ¢ Ha-amylase %

o-glucosidase Fr#1 75 142 B2 5 & Frdl e 1‘%@),% %ﬁ Z % acarbose »
doBle - orm 0 Bk gl o ad % 5 X Prglo-amylase »c %R 5 B EF(p <
0.05) » #r#| 5 if 63.12 % » v A T e Fr4) 5 5 111181 > e
#d) ke acarbose 2 e Apit v ZEEH < o BRA T X B e o P 5 &
% %= 53.68 ~ 55.05 ~ 56.87 ~ 63.12 ~ 59.60 ~ 56.16 % 53.34 % -

a-glucosidase #r 4= & > Bz L - S A F TR S L 35
BHE © 85 B4 7 a-glucosidase #rdliE 2 B REBEA B TS T
TG B ] 5927 % AEF R H BT X Bi(p < 0.05) 5 vt A
TRrEfrd S B 4 117 % - 220 P4 e acarbose ¢959.28 % Ap it o AR
FALAR O EF TR B > rg 5o w5 5054 ~ 5191 ~ 53.63 ~ 55.92 -
59.27 -~ 56.00 % 52.89 % - Gao et al. (2008) % Gutierrez et al. (2008) * 45
SRR R AR R 2 AL P E T AR TR T P AT
AF B T H A e dlE s BT AR R S B R E T A b
A% 7323538 %57 2a-glucosidase #4512 4B 4p L T
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Fig.40. a-amylase inhibitory activity of ethanol extracts at 0.3 mg/mL level
from different germination time of Taitung 3 pigeon pea in Taiwan.
Bars represent meanstSD, n=3. Means with different letters are
significant difference (p<0.05) by Duncan’s multiple range test.
Acarbose at 0.3 mg/mL level.
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Fig.41. a-glucosidase inhibitory activity of ethanol extracts at 0.12 mg/mL
level from different germination time of Taitung 3 pigeon pea in
Taiwan. Bars represent means£SD, n=3. Means with different letters
are significant difference (p<0.05) by Duncan’s multiple range test.
Acarbose at 0.12 mg/mL level.
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(w) # PR S A 3 SleppR R pEF s L2 B R P A P

F1* pl 2 prpE R R pF aldose reductase F#r#|E 2 BB PET A P
AGEs #r#|& » RFEHF T T AT R 2 AFE D &L B o P
#1] aldose reductase z_ ;] =_r4 quercetin iT 3 & 4% > Ble L = 3 7 B &
TR L 3 e MR R A B Rk B RF
FRER Y UE 9 X drdrc kbR E > FrddiE 5889 %o 1t A ¥ T M E
94344 % B 4 1.36 % o e g )i quercetin 2 Frd | FAp 2 T £
FEH & o NPT R B 4 0 gl % 43.44 ~ 46.67 ~ 48.61 ~ 51.38 -
55.43 ~ 58.89 2 52.10 % -

Ble L2332 FB 7 FRE A SEHMERLBE AFIrdlE 2 R
2o rgrd] AGEs 2o # 1+ aminoguanidineg 1€ 5 & drdl e o BB 0 B
TH T X G F 235695 % B X BEFLE(<O005)
WRAFTHES 0295079 % H g0 112 > i K301 3d e
aminoguanidine z_ #r#| F > S X B 4o drd] F ik B 5 50.79-51.94 -
51.71 ~ 54.02 ~ 56.95 ~ 54.40 % 53.56 % - Wu and Yen (2005)4p ! #¢ % fik

¥ A ¥ Pri] AGEs 2 = 2 - 2 B it (protein crosslinking) » @ &

P 3 R A AGESdrlisfh % ¢ § dp ke 2 4B -
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Aldose reductase inhibitory activity of ethanol extracts at 0.12 mg/mL
level from different germination time of Taitung 3 pigeon pea in
Taiwan. Bars represent meanstSD, n=3. Means with different letters
are significant difference (p<0.05) by Duncan’s multiple range test.
Quercetin at 0.12 mg/mL level.
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Fig.43. Advanced glycation end products inhibitory activity of ethanol
extracts at 0.12 mg/mL level from different germination time of
Taitung 3 pigeon pea in Taiwan. Bars represent means+SD, n=3.
Means with different letters are significant difference (p<0.05) by
Duncan’s multiple range test. Aminoguanidine at 0.12 mg/mL level.
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frr SER pe it &2 R PrRIpEfRRE R 0 HppRR s £

FARRRT S A s R0 R ARG A P A R
TR P A P eI 2 P Bk AR T2 d g o AL

A E A B (R*=0.79) » = Fipl37F a1 pE (s (£ 7 1k A &2 dng
it 1+ 35 B (Krone and Ely, 2004 ; Gao et al., 2008) » F]p- A7 7 18— 3 | *
HPLC 2fFsga it & ads  Ble 12 22 PHRPIAE TR &
4= e9HPLC & 47 B]> ¢ 45 280 nm 3 catechin + EGCG, cyanidin-3-glucoside,
orientin, vitexin, quercetin, genistein, apigenin, pinostrobin, ellagic acid %
benzoic acid ( &% &) » 347 nm 3 cyanidin-3-glucoside, orientin, vitexin,
quercetin, genistein, apigenin, pinostrobin % ellagic acid (i 1 # &) - Liu et
al. (2010)#& o1 4 =3+ M F § FF B (RT)A 6 5 2 2RI % OH A Wik

B4 fEES BRFH AR RTR S T S@E 7 iREp 4@ R

gi%%to
AL LA RH TR R S G R R B

friof? 7 %572 9% 4% 5% 7 & % che 3 catechin + EGCG
# 75 % 0% 10.34mg/ g extract 3 4c
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Fig. 44. HPLC chromatograms of flavonoid compounds under (a) 280 nm (b)
347 nm detection. 1.catechin + EGCG; 2.cyanidin-3-glucoside;
3.orientin; 4.vitexin; 5.ellagic acid; 6.benzoic acid; 7.quercetin;
8.genistein; 9.apigenin; 10.pinostrobin
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Table 13. Changes of flavonoid compound contents in different germination time of Taitung 3 pigeon pea. Means represent meanszSD,
n=3. Means with different letters in the same raw are significant difference (p<0.05) by Duncan’s multiple range test

Flavonoid* Germination time (day)
compounds 0 1 3 5 7 9 11
Catachin+tEGCG 0.34 £ 0.02e 0.99 £0.01d 1.40 + 0.04c 1.85+ 0.03a 1.51 + 0.05b 1.50 £ 0.06b 1.39 + 0.04c
Cyanidin-3-glucoside 1.94 + 0.09f 2.31+0.13e 4.09 + 0.10d 4.25 + 0.02c 5.04 £ 0.11a 4,78+ 0.06b  4.23 + 0.04cd
Genistein 0.13 + 0.08f 0.15 £ 0.08e 0.22 + 0.09d 0.21 £ 0.04d 0.48 £ 0.02a 0.42 + 0.08b 0.39 £ 0.07c
Orientin 0.06 £ 0.01e 0.09 £+ 0.05d 0.10 + 0.03c 0.11 £ 0.02b 0.13 + 0.05a 0.10 £ 0.02c 0.09 £ 0.04d
Vitexin 0.08+0.07d  0.11+0.06b  0.09 + 0.05cd  0.11+ 0.01b 0.13+0.0la 0.10+0.05bc  0.09 £ 0.05cd
Isovitexin ND ND ND ND ND ND ND
Quercetin 0.09+0.02b  0.10+0.03b. = 0.08+0.05b.  0.10+0.03b  0.10+0.0lb  0.13+0.05a  0.10+0.02b
Luteolin ND ND ND ND ND ND ND
Apigenin 0.104 £ 0.05¢c 0.120£ 0.09abc 0.116 £0.09 bc'  0.119+0.01abc 0.135+0.01a 0.127+0.06ab 0.126 £ 0.09 ab
Isorhamnetin ND ND ND ND ND ND ND
Pinostrobin 0.08 £ 0.08g 0.11 + 0.04f 0.14 £ 0.07e 0.31+0.01d 0.75+0.01b 0.82 £ 0.02a 0.73+0.07c
Total 2.824 3.980 6.236 7.059 8.275 7.977 7.146

*mg / g Extract
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orientin, vitexin % apigenin 4 %] ¥ if 5.04~0.48~0.13-0.13 2 0.135
mg/g extract> Jp# >t A #F 5 % 0 % ~ B|#{ 3 7 2.60-3.69-2.17-1.63
2 130 & ;@ % 9 % £& % 5 quercetin 2 pinostrobin > £ 0.13
% 0.82mg/gextract > F &g ¥ 3> H © X #(p<0.05) P AF T &
0%~ 487 144 2 1025 % > d M7 HF T RJILi & B A2 P 47
T2 7 & o Zuetal (2006)4- 44T E 2. ¢ f% 5 B4 B (TR R iR A
¥ % % P H & A P 2 quercetin £ apigenin 4 %|:E 0.082 2 0.130
mg/g extract 3= A 7 PIF 2 &8 & 1.59 2 1.06 & - Apigenin
Zovitexin §FF LR & 7 iy L F rqlE R it 2 4 AGEs A= 2

#14(Choi et al., 2014) - Matsuda et al. (2002) * & % & 1 > %t aldose
reductase & #Frilidfheni s fik > &5t &5 & i B flavone 2

flavonol 3 #. % enprqsc% - ¥ ¢t H Bring2 C3-C4 =% 1 >

+ 3 catechol group > & ¥ C7 =% 13 OH A2 g5 ik » & 7 3
sprd At Flam A TR T MR Br ¢ 0 2 & iF i ene 35 apigenin,
quercetin, genistein, vitexin, orientin, pinostrobin(4- &= - 2 )iz & 3%
£ % aldose reductase #r4|iE 12 > @ B2 ¢ B R B4 ¢ T AEE R
FREELFEMEY AHYTE 7 fo% 9 2> Au7iE 8.275 mglg

extract §= 7.977 mg/g extract - @ aldose reductase Fr+|»x % . &g ¥ ~
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