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Abstract

Diabetes is associated with deficiencies in insulin secretion or action.
Excess reactive oxygen species are built up with chronic hyperglycemia,
and are subsequently contributing to oxidative stress and complications.
Antioxidants have important roles in disorders involving oxidative stress.
Rhizome of Alpinia officinarum, an herbaceous plant of Zingiberaceae
family, has long been used in traditional Chinese medicine. Previous
studies have demonstrated that A. officinarum have antioxidant,
anticancer, anti-nociceptive, anti-inflammatory and antiemetic activities.
However, possible roles of A. officinarumin hypoglycemic regulation
have not yet been explored. In the present study, antioxidative
components of A. officinarumwere identified, and their hypoglycemic
activitieswere then investigated.

The first part of this study covered extraction, fractionation, and
structural analysis of active compoundsfrom A. officinarum rhizome.
Corresponding antioxidant activities were then determined, including
total phenolic content, total flavonoid content, ferric thiocyanate assay
and trolox equivalent antioxidant capacity. Six compounds with strong
antioxidant activity were obtained (1-6) from ethyl acetate extract of A.
officinarum rhizome by wusing silica gel, XAD-2 and HPLC
chromatographies and their structure identified by UV-visible
spectrometry, liquid chromatography-mass spectra, 'H and *C-NMR
instrumental analyses. The isolated components were identified to be two
diacryheptanoids, 1-hydroxy-7-(4’-hydroxy-3’-methoxyphenyl)-3-
heptanone (1), and 3,6-furan-7-(4’-hydroxy-4’-methoxyphenyl)-1-
phenylheptane (3) and four flavonols, 5,7-dihydroxy-flavanone (2),

X



galangin-3-methylether (4), galangin (5), and kaempferol-4’-methylether
(6). The antioxidant activity of components 1-6 was 8.55(1), 3.33(2),
7.35(3), 3.32(4), 11.46(5) and 9.20(6) mM trolox equivalent. In the
second part of this study, possible hypoglycemic activities of A,
officinarum rhizome were examined. Inhibiting o-amylase and
a-glucosidase may delay breaking carbohydrates into glucose, there by
suppress postprandial hyperglycemia. Among six components isolated
from A. officinarum rhizome, compound 1 and 4 gave the highest
inhibition rates against a-amylase, which were 56.63 and 51.02%
respectively. Compound 4 and 6 were most efficient in inhibiting
a-glucosidase, with inhibition rates of 25.99 and 28.89%. Liver plays
pivotal roles in glucose homeostasis by regulating glucose metabolism
and mobilization. As revealed by flow cytometry, treating murine FL83B
hepatocytes with high concentration of glucose significantly reduced the
uptake of glucose analogue 2-NBDG. C-3 fraction of acetyl acetate
extract of A. officinarum rhizome restored 2-NBDG uptake of FL83B
cells under normal or insulin resistant states. Concurrent increase of
glycogen content suggested that glycogen synthesis was also enhanced by
the acetyl acetate extract. Our results indicate that the acetyl acetate
extract of A. officinarum rhizome possesses profound antioxidant and

hypoglycemic activities in vitro.
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Table 1 Criteria for the diagnosis of diabetes

Al1C =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 World Health Organization, 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 =200 mg/dl (11.1 mmol/l).

*In the absence of unequivocal hyperglycemia, result should be confirmed by repeat testing. (ADA,
2011)

B2 TR EBRORR & B 2 PR

Table 2 Categories of increased risk for diabetes (prediabetes)*

FPG 100-125 mg/dl (5.6-6.9 mmol/l): IFG
Or

2-h plasma glucose in the 75-g OGTT 140-199 mg/dl (7.8-11.0  mmol/l): IGT
Or

Al1C 5.7-6.4%

IFG: impaired fasting glucose ; IGT: impaired glucose tolerance
*For all three tests, risk is continuous, extending below the lower limit of the range and becoming
disproportionately greater at higher ends of the range. (ADA, 2011)

%E‘Amﬁiﬁiﬁﬁﬁﬁﬁiyu

Table 3 Correlation of A1C with average glucose

Mean plasma glucose

Al1C (%) mg/dl mmol/I
6 126 7.0
7 154 8.6
8 183 10.2
9 212 11.8
10 240 13.4
11 269 14.9
12 298 16.5

These estimates are based on ADAG data of ~2,700 glucose measurements over 3 months per A1C
measurement in 507 adults with type 1, type 2, and no diabetes. The correlation between A1C and
average glucose was 0.92 . A calculator for converting A1C results into estimated average glucose
(eAG), in either mg/dl or mmol/l, is available at http:// professional.diabetes.org/eAG. (ADA, 2011)



2-2-1 i & 43
(1) % - A4

P AR R L& LTSRN hB e X T p bR R en
B 0 EIEE A% G % (Zimmetetal, 2001) 5 ¥ BRSSP
SR S R S T A AL A 1‘1?—/?);*#’1
ERURANCLAE R RN DL Sl B R R e S h
GEW R EF R RIS L R LS R g T e TR A
%, & % ik ¥ 4| (insulin-dependent diabetes mellitus, IDDM) gt %5 & 7|
(early-onsetdiabetes)%[%ﬁjwﬁa R AR R A T B 5~10% o B oA T
B F R ET VARD A el - RO o 2 BF IR T ofeen
P ?‘r%%—‘ﬁfﬁ@mﬂ‘%’ B PR A o

(@“‘ﬂ%i%
b AR T ALY B E R QT BB R E L S
oo X F2Ee % (k4 2] (non-insulin-dependent diabetes mellitus,
NIDDM)z* = * 3| (adult-onset diabetes)# /s ) & 7 F = % i&
ML L G T Gy REER S C RES L i
%%&’nﬂmﬁﬁi%%%o%—ﬂ%%@ﬁé—ﬁazzwﬁﬁ
= %% & & 12t (insulin resistance) » & K A7 ) PEIS & & A i B 4§
F R0 R G ORI ST VR & g s m e BN 9 RGP e

LG A RE A A

% %% & % e P (hyperinsulinaemia) o d %
BT AT A Pe s ERLE
F 2 F AT A Ka i A ML E & gk (hypoinsulinaemin) o JF % = 7
B ILEZ BB BFAF N AN A s 'J%f%/fj’(:)}%(Prentki and

Nolan, 2006) - % = Z|# fops 7 ALp A A & S o » 2354 R 7]

AR AR IR EY RS Y R ERE T O

R E WG A

e
tad,w



.y 'F»’E'g*‘ ¥ - mH%fJ'\}}% g)iz‘a' FOELREERIRILIE o5 2R AT ¢ o E
WA AET QL2 F A F 2R D ABRRZ A G F b
¢r4% % (Poitout and Roberson, 2002) « ¥ § 7 4 &+ » % = 21 fp &
ﬂ » %% % BMI (body mass index) & et 2 > 3% B F fEdU B mre 8%
B % A RPN A M E A 2 v b 2 (Duman et al.,

2003) -

(3) 2414 Aoy

ApdF R WL B RE PR ATINIRE & R OB A
W A%nFdE o @ AL A AW A c B RFSIREPFE S
fogaaso @ LA DL G F it B L IR % o B ARIAE AR
b o %k 60% 7 15 & ¢ 17 IR AR (0 2003) o FF ER AR iR
3 24-28%% A5 6~123 2 B > VX B R R Gt (R ) o

Lw o~ BRSO G R

Table 4 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 is made when any of the following plasma glucose values are
exceeded:

® FPG =92 mg/dl (5.1 mmol/l)

® 1h =180 mg/dl (10.0 mmol/l)

® 2h =153 mg/dl (8.5 mmol/l)

GDM: Gestational diabetes mellitus (ADA, 2011)

(4) 24 Fops 3
ERERHY LS LN L R T EBERS Y B ¥ A
PR A R R AR AR g e e
SR BRI R G HNERAOR LF 0 ADA S § - TR (4



Z)o ke de Al W 10 B EF B S R - Jjg]#%/;];:,)%(Kaufman,
2002) - ¢t 3¢ Jé—‘ﬁ?‘é’z@fﬁ % i g 0 Bt VEOF
IRELIC AR 72E i ?Jﬂ"p%%ﬁvéﬁ’%i °

2-2-2%% 5 22 g2 aFlE
BUOKTCE Sttt Rt BB E R RFRY
VL B R T A LS BN E L
Lt R FE B T B N R AEER I
(glycolysis)is » i&» TCAHHR AL E » F 5 LB GERK - F
c B RSP S ARGy § R % 2 SFpE(glycogen) & = L e fig
(triglyacylglycerol) % A ;S & 5 it £ o § L B R F EpF > WFREE (79F

A
=
]
o
s
=
)
&
o
IR
i}
4
=
ki

._ﬁ

pE & j#(glycogenolysis) 2 #& & A7 4 i®* (gluconeogenesis) * & 2 § 5 #%
gkl sie g 5d Pq iR iT* (lipolysis) & 2 M5drry 5% pk (free fatty acid)
A A Bea & KR oo P e fE2 & ¥ kA& (Crawford and Contran,
1999 ; Bessesen, 2001) -

kA RPN RSB R Y2 - 0 LR (v RPN %
5% Fev %fry ,:,\,bta ]},T', ﬁp%qﬁtg\ﬁ;ﬁ%’$i/{iij§ﬁfﬁﬂ oai\,g
Fens R BEFL L BIERE DB BN B e W ehy § R
i# F-v (glucose transporter ; Glut 2) » #-%2 ¢t J F AR FF T 2 p > 5o
Kt A4 ATPe g fmPe v ATP/ADP vt fg + 2> @ 4o 3 3 g B P >
MmN 4TEE SRR P e 3 R T S MR AR T A
FUE AR > R CHATHE T R o 3B @ TGRSR (TR ek 1T
(granule exocytosis) » #5552 @I o R o (TH 3T 2 KR L
R_d F FOBEEE -0 J e po] 8@ (intrace intracellular endosome

vesicle)#5 L imPe ot - F RS ~ fmre )o@ " K a gk & (Darnell



et al., 1990) o B B FH {TH iz f@;ﬁ_@?;%% % w—s%\ VU R ORg A% s He
IERRALERE S AT ek £ & s %ﬁ“s’ FEBF > EFTAE R
a4F o pE e f=(Nordlie et al., 1999 ; Zierath, 2003) -

2-2-33% F et K F

b AU E A R AT 205 5 A SN R e
4 TR fjﬁ{fm”? W2k B3 i BRELEZFEXIBLELE
BERTEREER BH M wew RFFRE wreh By R
(Zick, 2001) o B2 2Ri% X35 B s I 4 S AR 2P B @
FANAE R B S MR R DF LR G Boom S R R
i & sk B 7T “THE B3 (Hsueh et al., 2003 ; Hotamisligil, 2006 ;
Shoelson et al., 2006) - £ ¥ ¥ % & #| ¢ & E vilimie B &% 3] g ke e o
Wk B IRg W F ed 25204 % pe g4 (Weisberg et al., 2003 5 Xu et
al., 2003) o 5% & % e dupt i = R G Y F B 0 4
ﬂﬁ%%ﬁﬁ%%ﬂﬁ*%@‘ﬂﬁﬁﬁﬁﬁﬁi’%**,”5%
A2 TN ILRY CREFOLG FIEFUE Aoy 0 E LIRS S G F 2

b A 0 FREP L MBFEE (T TIO% G R IR G A

EJE:,)%%;} 4 e & 5 F12 - (Lillioja et al., 1993 ; Reaven etal., 1993 ;
Bessesen, 2001) - "f AR 2 b E B buM Y I G B R
B gk oo f A ;};34: ) e 13"’3\1‘}5-}?:, 75 '& ¥+ (Kahn and Flier,
2000) -

2-1-4 r2 e WO IR ) R b2 sy
TP S B2 IS T BRI P e A G Ko I
% 2 i%% gh= BE & T ﬁg}v;gﬁ? 54’—}?%7\ VU Z Pk mie o BB f]—%%

d“*—

»Rg N A A E S F R F R i oe (FLB3B) ks e
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(C2CI2) ~ "y 3p kw2 (3T3-LL) 5 A 5 L 5> J1* #8142 N F Hmre & 4
i ZIEFUE B IR G v A % F I 2 B2 2 (Cheng et
al., 2008 ; £ » 2011) - "RV AT F R LR E L [FER RIS 0 @
LS BB T £ RAE LK EBH T A (2 | BT FL3B
mie (TR AR MmEPPF RA CIHrd ) Rz iF
POBRER LTV H T i R AR R
T EIEP R 2 AR L ke

P s T WORIS G R Tty § 0~ mie o2 (A0 rig
2% {4 stam e % s (e.g., [H]-, [*Cl-, or [**F]-2-deoxy-D-
glucose) & % £ &3z (e.g., 2-NBDG) % = ;% (Huang et al, 2009 ; Zou et
al., 2005) - Huang (2009) % « #= 3 » 1/ %6 53 5+ F]F TNF-o %] &5+
% FLB3B 'wmz & 2 5% § & [effd > B % "8 Mo s iR 2 %“%’h‘%%
oo LR B eerEfE s fORR R A Vajv‘]\éc s FEIAL B F e i e %
bR 2 E AR R R IR 2 F A B G R
BT AREREY nNmie RO R g FEBTAS
2-NBDG » % gip| 2 3 » ] &3F% FL83B smre 2 i » 8- A2 47 &

FARBLL RAR MR ML G R IR R i § AR
RHI > WA q T 2 Fmiea & SRR G0 4 o
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2-3 % & L F LT R
2-3-1 B3 %%

“73) iE 14 ¥ & (reactive oxygen specises ; ROS) ™ & d4p 7 ¥ P

B F A+ (NiKi, 1992) v enfdsg % § @ * R¥ 4~ 5 pd gty

(w

dRET de R T AR o A E EHE G B Lot ia A

500 A $2 F 3 S BE hF 1§ 7 (Sheldon, 2003) 5 # ¢

v OH# Mcds v g & 3B me Wem T w2 222 DNA & Ji -
FA DNARE - ¥ ROSFHAF T L F A2

BaHAY g do FHG - it s 2FH/CAD

(Shigenage et al., 1989 ; Rikans et al., 1997 ; Moskovitz et al., 2002) -

2T~y R

Table 5 Reactive oxygen specie

Radicals nonradicals

Hydroxyl *OH Peroxynitrite ONOO™
Alkoxyl L(R)O- Hypoxhlorite ~OcClI
Hydroperoxyl HOO- Hydroperoxide L(R)OOH
Peroxyl L(R)OO- Singlet oxygen A0,
Nitric oxide *NO Hydrogen peroxide H,0,
Superoxide O,

(Abuja and Albertini, 2001)

L REORRART A S AT R LA S G ot kRS IS
2B A A PG PR ER A FHPN A4 2 ROS

mPe (TrE v A7 4 chROS 5 A & p &k JR(Morrissey and

O’Brien, 1998)44 = #77 » A RN 2 i d RenA 3 < 97 A 5w 4 -
- Kk A 2 & 3 (biosynthesis) » P EF R o A A A RPN § FA LT R
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dIRARMLE S ZAMAIT A Gldei - F V5 pd A(-NO)>
z 4 L-arginine - % - § & = f#(NO synthase)ei®* T #r g 4 » H
CHAE B LA S U AR G R
F = #p Rk p AT BH(metabolism) > iz pd AE E FE € Fl A A
M R G RAFEER R ] Bl A H Y B ReniAgd
pod 2~z d A% (Halliwell,1994) - % = #d ¢b kg frorslde > &

HEZFEKFL FiEh BB R S8 LR Y

flm

b}

¥
—M

X

R
ot

& it & ¥ (4- benzo [a] pyrene 2 benzanthracene %)% » & ¥
éiﬁ%o%@ﬁﬁZQi%?ﬁw{yégé%@%%%%’
bR PR ER AR AR A d ABRB Y 0 Fla 3
Z (Maxwell, 1992) -

K

A

&
fo

d«\-

B 3

il
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L2l A2 EHFLAE KR

Table 6 The major sources of free radicals and reactive oxygens

Intrinsic Source Extrinsic Source
Electron transport chain of mitochondria Red-ox substrate
Electron transport chain of microsome Paraquat
Oxidase Medication oxidation
Xanthine oxidase Smoking
Indoleamine dioxygenase lon irradiation
Trytophane dioxygenase Sun light
Galactose oxidase Food processing

Lipoxygenase
Monoamine oxidase
Phagoytic cells
Neutrophiles
Monocytes
Eosinophiles
Endothelial cell
Auto oxidation-reduction

Fe?*

(Morrissey and O’Brien, 1998)
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2-3-2 F o BFHEFLF 24 S84

Wom b FIRMP L2 ROS G P AEH S eI G > BN
FEUAFR AR GEHEANF P ALE S PROS T4
Roinfiy P FS 0 D g RMEP Fd TAAPEEY g wmigf o
o FpEi- e g A4 <~ E ROS, R4 TR IEY o &
EEMERL T ERRPN FLF LR 2 T 2 R R T
WL R ik gp B (2 (Dandona et al., 1996 ; Baynes et al.,
1999 ; Nishikawa et al., 2000 ; Brownlee, 2001) - + #8p A 4% F o 4
ST o RS AZF RHES O TenHi AW A FRMER LR
& e w2 hikeg (Korshunov et al, 1997; £ »2004; Jezek et al, 2005) »
Bl 278 AR LRMALFEL O, > A B ERFLMBH T2
i /= (Brownlee, 2001) - % MHBE T  F E M E B EL R w pFipIL 0 @
Fo b ARRIT S 2 PEIRENSEAIS SPKCE AR SR B A
Poodm BHEF ROS 22 & v g = AR o 1AM fEE T 4 1Y
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NADPH  NADP* NAD* NADH

T Glucose-6-P
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NAD*
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1,3-Diphosphoglycerate
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@ Protein kinase C patf
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Fig. 2 Potential mechanism by which hyperglycaemia-induced mitochondrial superoxide

overproduction activates four pathways of hyperglycaemic damage. Excess superoxide

partially inhibits the glycolytic enzyme GAPDH, thereby diverting upstream metabolites

from glycolysis into pathways of glucose overutilization. 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 (GIcNAc) and increased glucose flux through the polyol

pathway consumes NADPH and depletes GSH. (Brownlee, 2001)
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()% LM 5 A R L

dmre o0 FOoMENd pEaE iRk pF(aldose reductase) it T o %gzl
NADPH % :& & # = L # $& 7% (sorbitol) » L §{ 4 p2 2 & fi(sorbitol
dehydrogenase; SDH):& s NAD "> & #-.1 4] /A% ¥ 1~ 25 & % & (fructose)
IR G P AR B T A EEAE R R R BRI
EHERFH FR2AEERM A Vo BERTET “£FF
WA S AR F 2 B e BEHIRT G A S ABREREL
HAEREIEAE o 3 dwie )OGS R H ~ 3 4 NADH/NAD '+ & 2
NADPH z £ &> » B8 mre i F (¥m :e % h Aanr i > HR
T v A S AR KR e i (Brownlee, 2001
Nishikawa et al, 2000 ; Yamagishi and Imaizumi, 2005) o L 4 & f% e %
iLiE® &3 e b NADHINAD vt (8 » @ | B2 1 7% %
GAPDH z_ 7% 14> i triose phosphate % # > i&® & # methylglyoxal (MG)
% diacylglycerol (DAG, PKC & it 4= ) o st i jT - € 448 #635 H2
ROS 2 = 2 DNA %74 #7151 > @ 5 i enfEg8 2L i & 4~ (dicarbonyls) »
g igaepE it iv* (glycation) 2 15 8 pE it % & 4~ (advanced glycation end
products, AGEs)z_ 2} = » & $5 0 F Jis ¥ FEREL F-v B4 id & ROS 2 2
= (Well-Knecht et al., 1995) - %% &+ *x:& J fiz (glutathione reductase) 2
# 51+ NADPH £} 4238 5 » § " = GSH 2 2 & » ¥ b op st
EE S FRRPR AL S AR F RS SR
GSH 2. z & > @ 1 * gEE R k pv #7414 (aldose reductase inhibitor) #
7 223 NADPH z_if £ o 5 Apsend % A4 S 427 5 N 3f> & 2 1L
FERUF L83y FREARLEY I SYEELAFPHIMA
4 % % (Brownlee, 2001) - ]t > B4 ¢ PR F L T 2 3 LR
REIECE SRR
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Toxic -
aldehydes |—> Aldose reductah Inactive alcohols

Increased h SDH \
glucose /’—\

NAD+* NADH

Glutathione
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Bl= -~ fEe:R sl 5 L ps SR T o

Fig. 3 Aldose reductase and the polyol pathway. 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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(=) s 32 & YRI5 BEE YR g I

TR A TERET > NG b 1-3%F F M6 Sd ¢ gt
FRIF AR FaepEEZ 22 3 ¢ % # fructose-6-phosphate ‘5
d f%£ % glutamine: fructose-6-phosphate amidotransferase (GFAT) i it
4 = glucosamine-6-phosphate £ 5 d O-GIcNAC transferase i & =
UDP-N-acetylglucosamine (UDP-GICNAC) © * & 4 7 7% F € § 24
proteoglycan & = % 25 = O-linked glycoprotein » @ O-GIcNAC ¢ i3 &F
BT+ f EFRATFIEEZ cRF(Ble ) i g Tremie? 3o b
FTHENGEETF)F Spl G £ A LR G F et p B R
]+ PAI (plasminogen activator inhibitor-1) ~ TGF-a (transforming
growth factor-a) ~ TGF-f (transforming growth factor-f)z_ /& 4 733 4c o

LA BIFH R A e P B R 4 R GFAT g 2§ A e
o+ (Marshall et al., 1991 ; Brownlee etal.,2001) - &% &% A3g¥¢ 1
¢ glucosamine 4 » F I FIE% L F & B lore HF R AAR 2
(Monauni et al., 2000) - ¥ #t > glucosamine ¢ 3% # H,0, 2 3 4x > X @
dv o~ g 1Y N-acetylcysteine M GFAT 2o £ 7 o Tt > 3 o
STAF L ERAL G RF S AT AR J FHA RN R
L A2 LR o A R AR AR R E 2 (Brownlee
et al., 2001 » Buse, 2006) -
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Glucose = Gluc-6-P = Fruc-6-P

GIUCOSE mt
X Gi
” | GFAT
AZA®
or AS-GFAT .

Glucosamine-6-P

V

UDPGIcNAc

PA-1

mRNA

Nucleus

Blw ~ o pEIRi PRI -

Fig. 4 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 catalysed
by the enzyme O-GIcNAc transferase (OGT). Increased donation of GICNAc moieties
to serine and threonine residues of transcription factors such as Sp1, 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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(=)® = #&2£ protein kinase C (PKC)z 7% i+

PKC %2535 % e el &, iR 42 » © v PKC ehjE 1t ¢ 82 8w
A2 i AL S ATFARE g n F LA E PKC I
I3 -ERESOREY G 4 f;é_?%ﬁé % = @4 DAG
kiE v o DAG 0 & kiR i #Ef2 A 4 ¢ & 2 5 DHAP
(dihydroxyacetone phosphate) » 54 DAG & = i£j5 %2 phosphocholine
(PC)-kfzm k(B3 )-AGEs ¥ ¥z % & # % %8 (AGEs receptor, RAGE)
SRl 2 ARk A 1 R F E PKC 2 4 3(Brownlee, 2001)
WA oR Bt 2 A REF S > DAG 2 3 v id S Fop B AR B e
B0 @ FEIER R SRR SBR T IR RN G RATR METE K -
Fril 3 iEs ¢ & p Lwre o 54 751 NADPH oxidase #
% ROS » % 12 PKC e8| EIZ 15 » 3 I ROS ¢ " € » F]pt & PKC
ZPIFrHIPF > €8 d B kEYTII422 § L& 4 (Inoguchi et al., 2000) -
PKC 2% it~ ¢ #% = NADP)H ¥ * i % ~ NF-«xB % 7]+ 2. % 3R> 3]
B R A EE(R ) e

2w
R :i' I

\
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Glycolysis

G6P Phosphocholine
1 I
FeP | Phospholipase D | PIP,
FOP | Phospholipase C |
l de novo pathway
GAP — DHAP —> G3P —» LysoPA ——>Phoi%hgtidic
1 N T
Acyl - CoA CoA Acyl- CoA CoA 1
Pyruvate / \
| DAG | Py
Lactate )

| PKC activation |

Bl ~ % #%% PKC i 44 - (Koyaand King, 1998)

Fig. 5 Mechanisms of hyperglycemia-induced protein kinase C (PKC) activation.
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Hyperglycaemia

Y
A PKC
(B- and &- isoforms,
A

4 A\

yonos JIAEr- f Tors

A Colltgen l

A Fibronectin
| |

\d

Blood-flow Vascular permeability Capillary Vascular Pro-inflammatory Multiple
abnormalities Angiogenesis occlusion occlusion gene expression effects
B~ % BHH PKC# it 2 9 o
Fig. 6 Consequences of hyperglycaemia-induced activation of protein kinase C (PKC). Hyperglycaemia increases diacylglycerol (DAG) content, which

A

activates PKC, primarily the B- and 6-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-) and

plasminogen activator inhibitor-1 (PAI-1), and by activating NF-kB and NAD(P)H oxidases. (Brownlee, 2001)
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(2)F o BE YL EF

Fov FensbpEd RpE T (07 (glycation)? o FE A @ BRI
FAPEA R AT i A B R AT L ez BFRoRA A - Ba
% 4% (Schiff base) » g = » + & #7# 7| = Amadori product » = ¥ it
Amadori product ¢ 2 = £ § F B F R a2 Vi T pE ¥
A1 (AGES)» @ £ A HP o d 3 AGE 22 i pod Fehig
Fot g REpE T F eehdee -G o Tt AGEs $H4E o 5 1Auen
BT Ak ap Bl B ed A g s TR 9 P R R
25 (%] 0 2008) 0 & F A RPN AGEs 2 & FApE g T4 %
£ L % ¢ (half-life)# £ hd-v B % % & 4 AGES #24% 3 % (Reddy and
Beyaz, 2006) - = f& %z p 5 A it & 4~ glyoxal ~ 3-deoxyglucosone -
methylglyoxal = AGEs = gt~ » ¥ & dm¥e p *h ifafv H 2520 AGEs

s

(Imanaga et al., 2000) o sm?z b AGES % Sg4~ ¥ % i 3487 3V 1¢ = P2
B3 (F=): () p 3 FFIAGEs 8 &5 s Rk ehst it 5 (2)
& AGES % Bpir i3 4 2wz b AL F(matrix) &2 2 8 A 4p 3 (7% > &
Bimre b2 AR R M (integrins) g & A A FE LB ER T Q) ;Ff(
-0 B AGEs i3 &7 f5 22 4L fn%e ~ mesangial cell 2 E rginre 1 2
AGE x84 & M wmep 24 ROS A # i NFxB 3R B ¥ chfl 7]
ZI(¥]2008) - Fl g M G EF R L EF TV B ErRE > @
% hROS 2 & > a1 popahdd o
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Matrix *
proteins
< Intracellular transducers
W
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Fig. 7 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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2-3-3 #F 1 ks
ROS ¢ $timreig =3 it 53 > ARa 2 H 8P pj - 2=

§ I RNV REEwE > FMROS Hwiz2 G2 (BN) H <R

¥ A h f¥E My 1 1% (enzymetic antioxidation) 2 #pE % 4oy it
T * (non- enzymetic antioxidation) (Valko et al., 2007) - % % |+ #ug i
(67 42 D AZF 411 FR(SOD) ~ A PRiB F it R (GPx) » 4k k4 Pa il
REF(GR) ~ fI4-(CAT) ~ — 5 i~ 5 £ =ps(NOS)%F | @ 1L B 2R F 14
iy iviv* 2 o ple FEa4 2% C(ascorbicacid) ~ a4 2 E
(a-tocopherol) ~ # % 4 #% (glutathione) ~ #g+* & 3 % (carotenoids) -
% =48 (polyphenols) % -

(- S PLgag - e
A. &3 5 it = (superoxide dismutase, SOD)

Superoxide dismutase #-4z § 143+ % L iEF © & (HO0)% 5 4~
F o MRIEATY B Hiwie otz S onif T (Beyer 0 1994) 0 H 5
Eal L

+ S0D
'0274‘ '027+ 2H —_—) H202 + Og

SOD ¥ 4 & = % : (1) Cu-Zn SOD » (2) Mn SOD - (3) Fe SOD -
Cu-ZnSOD i & 5 " E 4 4 2 lw?e T~ 3 fa il ~ fwoPe 1% 2 a4l
e ok 3R (Fridovich » 1995) 5 Mn SOD — 50 7% 3 B 42 4 40 2 4
SEN S FeSOD Bl & 3 6t it ffriidr AP o

(B) #£®+4 *~i& % f* f#(glutathione peroxidase * GPx)

4

Glutathione peroxidase — 4% % 5 &> m /& ~ "5 ~ A 2 o
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' e s % &m o (selenium)i® 5 cofactor (Jacob > 1994) - H iF *
¥ 4] F_%-8 & i 0 glutathione (GSH) ¥ i % # i i # glutathione
(GSSG) ki *s % i & - ¥ 5 glutathione reductase (GR)

NADPH 2 &8 R 4 Kih B it GSSGE 24 = GSH  H r B\ 4T

H,0, + 2GSH — "%, GSSG + 2H,0

GSSG + 2NADPH — SR, 2GSH +2NADP*

(C) ¥ p=(catalase)

Catalase f*+ Fe** —hemeprotein > ~ % 7 7.3t peroxisomes p » it
Bigy v g (HO) it 5 kA3 (H,O)r 5 &4 F(0y) 0 R fsr 5 e
Nop R dwre s A S mie B > H catalase 7 £ 4 KM -;g—x,grj N
B &
< 3 i ip & (Meyer and Isaksen, 1995) - H & Jg ;44T -

Catalase

H,0, + H,0; » O, + H,O
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SOD = superoxide dismutase
CAT = catalase

GPx = glutathione peroxidase
GR = glutathione reductase
NOS = nitric oxide synthase

B~ ~dme g CEEER P E R Ao

Fig. 8 Cellular antioxidative enzymatic defense system. (Mruka et al - 2002)
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(2 )2 fLfeg e
4 % C (#3 » & > ascorbic acid)
e e - FARIBES T 0 3 AP RBEINA o

R lmre BTN Ry MFI R C24wC31 5 5 BEA
(hydroxyl group) » ¥ & &= F + k= pd A AP @EF L L3
13k o ik (semidehydroascorbic acid) (Beyer > 1994) - B4 # 7 7

Wk (e pd henk o bmie p 7 £ 50 $
4 *x#& NADPH ® R £ 2 & E g it & R K i (Jacob and
Burri» 1996)« 4 # » ik fe 7 B R 2 T MR I 4RF R A
Flgv fdmie T O AR R M ety 1Y I SR o g Fed X
I F v 4% T (Aruoma, 1994 > Beyer - 1994) o fL F i on LAY
F\Ljf(“‘mz%)iﬁrﬁé'ﬁ'_#«i%néﬂi TRBER BT
P B A A G RF MIER s iea WREMRE A FAompd A
ern4 = (Halliwell et al » 1995) -

HO AscH, Ho AscH HO Asc?
3 o z 3 o_ _0
HO‘/\S_ZO pK = 4.1 HO\/\SE\{O pK =11.8 HO\/\S_\{
HO OH o OH o o

-e .
\ Ho AscH
HO— A\ O 20_H" |

\/\g +H+

oy PK=-0.86

RH

CRANENCETEFEY $R T EI Sl
Fig. 9 Various forms of ascorbic acid and its reaction with radicals (Re).

(Valko et al » 2006)
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B.jae 4 2 E (24 ¥ fi% > tocopherol)
AT AE - Aad o8P e BB Ly (L E o
tocopherol¥ 2 2 = Al(a~B~y~08) E® uyAlap RAE P &~
% (Kamal-Eldin and Appelqvist, 1996) = % # ¥ f& i 5 3] % F 5
dATCHERE EREA T DF RS L TESF  operoxyl and
alkoxyl radicals » » £ 2} = L Jr Gt m & & Lk & > & @ fLET
fd AR 2 2 HREY e - F is(Burtons 1994 ;
Fang et al., 2002) - 3t % i #4]4cT

tocopherol + lipid-O,» — tocopherole + lipid-O,H

J

AT EmE AR AT AEA LT ES Cp D A
jfﬁii%ﬁjﬂﬁﬁﬂﬁmﬁ%i“\i}ﬁﬁ@%@%}
v g it 2 $nre DNA fr -9 F 0§ £ (Topinka et al, 1989) -

C.#g# % § 2 (carotenoids)

Carotenoids % 7 % & X dr a2 £ 485 F o v #rd1 H s ¥
EApRGEF tpd Ao B pd RBHF e MAe B R A
(B-carotene) F]1 % 7 + #= F%5 (conjugated dienes) s > ¥ &g ¥ - p o
ATET SRR L R RPrl TR F e 4 (Aruom,
1999) - Carotenoids «7p d ziF f PARE B Lo oL Kb
Bt R 2 B-ionone Tk b driR 2o it AAENE 0§ & bF AR S o B
pd fl_v}i",éf it 4 i #% (Anguelova and Warthsen, 2000) » &]4civ iz %

(lycopene) z 3 11 i % ge s> B @ x rog s pqp 4 2 5 s i

%EééiﬁiﬁﬁﬁﬁﬁﬁJO
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D.# # 4 *X(glutathione > GSH)

GSH #_d % ’=p (glutamatic acid) ~ & = ¥ef& (cysteine) 2 4
iz (glycine) % = e A e #rie s » H B L5 At it 2 i
Pmrwed o Fmep 3 EREF2Z LTI Almie g it
% %P 2 - B E &2 2 4 (Sen, 1997; Barry and John, 1999 ; Wu et
al., 2003) - H =% i # 4] F_% GSH = cysteine £ S e
(nucleophilic) s ipl4rr & £ (sulfhydryl group)  #% &% F X514 3
fApd A FRERBRF {822 GSeF &GS = GSSG >
- R fﬁ 4 NADPH-dependent glutathione reductase & & =
GSH:» % b pd A4 Fr > % M EHLE Hworeaip 2
(Maarten, 1999) -

E. % B #¢ (polyphenols)

Polyphenols 3 {47 # B £ feenat > & Zefddg 3 - 4238 8000
o BRAld A g B A A B g L EY 5 M
31 & ¢ 45 e & (phenolic acids) ~ %+ A (flavonoids) 2 ¥4 % (tannins) % >

MTRBBA R E PR S

E-1.2g % Ak (flavonoids)

% Ak A0 = B 3tk g 4 o0 diphenyl propane(Ce-Cs-Co) 21 7 #7H5
= (B-+) B> 5 pag i & # (polyphenolic compounds)sih— #& » & £
RN ES Y > AHEE R ﬁ"“ofﬁﬂf‘%f#iﬂﬁ
¥ & % & pr(flavones) ~ ¥ fr ﬁ;%(flavonols) & 'z fr (flavanones) ~ £ =
A% (flavanols) ~ £ & fir (isoflavones) ~ & *= fi i (flavanonols) ~ =+ % fie
F (anthocyanidins) 2 % fi¥ (chalcones) ¥ ~ < g (% =) o
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< 5 AR o€ L PERR) S Fe pE AR 4 BE AT (glycosides) ) 5 i
SiEpk ~ 4k 2 AUk R ¥ A 2 feF (aglycones)frpE 28 @ flavonoid
glycosides shpg it 4t flavonoid aglycone & 733 » Bor pEit iT* ¢

B enic 8§~ 122 4 5 (Rice-Evans et al., 1996 ; Scalbert
and Williamson, 2000) -

SRR B Rt M () A AR 5
TR d AR R SR e e (QF A B 3
% ARt g 22 A (ortho-dihydroxy)- B %+38 & 4 % 33 (Cu®' -
Fe*')4 #c & iv % » Bikdrd|m Wi L F o 2 - B)E & C
B h2-3 B AL 4B A RIEE BRAS
B (A)FAACRI 2 584 5An CRL 4}
BRI g A p A A DGk R AL & BaS o

5=
T I

DR S § X8 S8 LK
Fig. 10 Structure of flavonoid. (Cook and Samman, 1996)
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Table 7 The antioxidative activities of flavonoids

iy Pk

¥t BHES & C %I
3-OH -

*BHF-OHA% % A% C5% C7 3 -OH» g it L
AR5E o

* g it 4 o lutein>apigenin > chrysin

2,3 double bond - 4-oxofu, e ;X 3

(0]
+ & (flavonols)

k%5 & C 3 2,3 double bond > 4-oxofu * 5 3-OH -

*BHFI-OHAx 7 A= C52%2 C7 + 5 -OH> i3 it 2
A% 5p o

* 13 it |+ : quercetin>myricetin >morin > kaempferol

94
O

+ *=2 @ (flavanones)

* 13 it 4 @ taxifolin > naringenin > hesperitin > hesperidin
>naringin
fo OH thifcp 2 B~ =% § M o

x H g i 4] > flavonols % flavanones °

2 % A (isoflavones)

* genistin - daidzein &2 -
kg CHEZ o AXRAR Y BB ERS -
* orthodihydroxyl shiz 4

(0]

o
R,

+ 'z p% (flavanols)

kit d 3t C Ik & 4 o heterocyclic & @ & AB &
Fazg 2t g P HREpk-OH ¢
flavones % flavonols % -

* ¥ i |4 : catechin-gallate > catechin

% fiv (chalcones)

* butein - phloretin - phloridzin &z -

EH T hR T A3 L5 i it lichalcone
A o

* £ 3 B i4id it > dihydrochalcone>chalcone

(@]
N\ /"

OH

AR

(anthocyanidins )

* 13 it I+ @ cyanidin>cyanidine-3-B-D-glucoside

* Cyanidin 12 flavylium cation #2538 35 . pFfid P id
(pH2>pHA>pH7) » B sk S HE# F4ef 12 o

* Cyanidin=dephindin > malvidin > pelargonidin

e
OH
(0]

3 =k R
( flavanonols )

kg it 42agin flavanones o £2 OH chficp 2 P~ =%
B o
x taxifolin » fustin &2 -

(Cook and Samman, 1996)
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E-2 p~ p& (phenolic acids)

fis fik ik H »ﬁ&ﬂ R¥ A 5 F 7 pa(benzoic acid)¥ f {3k
(cinnamic acid) < #f > A F 2 s jmd R iLF etEs? > 1
EAGTA 2 gy RS H A AT S 4o 34-2 H AP R
(caffeic acid) % % f4g i ki si? g Msadng v 4 (Milicetal,
w%y%”:%gﬁﬁﬁ¥&ﬁﬁ&§%ﬁj’Eﬁiﬂﬁg%ﬁo
Bk BT 3 BT 3F 4 s 4o ferulic acid ~ caffeic acid % % £ 5 drd] i

%R % 3w (LDL)% i s # (Brosetal., 1990) -

E-3 ¥ 7 (¥ #% > tannins)

Tannin B i35 &3t S a8 2 Y o - 87 L %
hydrolyzable # condensed tannins (proanthocyanidins » & =3 %) ° &
F ¢ ertannin + % &>t hydrolyzable tannins » # 4 3 £ % 500-3000
dalton> » &+ & 4> 500 dalton £ 3 ** 3000 dalton €_% £ # ¢ em7tannins
(Bate and Swain, 1962) - H #uF it 4 4> ¥ 7k + 2. hydroxyl group > #

fs d APk FiEE v (Yokozawaetal., 2000) - ¥ 7 % £2iE A
RS Fe® S Fe AL irAs R chFe? -Tannin 4§ & 7 B ok 52 5
d A ehg it % (Georgeetal., 1999 ; Lodovici et al., 2001) - H & Ji& 3¢

Jo T

Fe?"-Tannin + + OH —— Fe*'-Tannin+H,0
gt g B g 3 ) tannins & ok i34 4e¥i A (tannic acid)

X a+pe (gallicacid) % g 1-p& (ellagicacid) * & 7 iR R %2
(Huang et al., 1985 ; Horn and Vargas, 2003) -
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2-3-4 iy 1 A 2R
W BN SR ST R e R § A G TR D
e % A ROS 24 =0 84 AT SR MPE T K ek B rdlE it
v A o T R R e ik o AR AR D VRS G S
e Ao M AR £— A8 0% (Green etal, 2004) o d A & Ak
Feah h Blmie h iy (ViEE 2 B ¥t g B ersle 2. ROS 4
% ATR (Lenzenetal., 1996 ; Tiedge etal., 1997) » Flpt ¢ 5% § B
AL AT AR EREAZ D F AREE F - Al
& §e 7 % ROS sz # » (e 7 B4 o3 5§ L 2% SOD -
catalase 2 GPx % % i f(CerleIIo 2003) - A 3 dp 1 & - AR R
i Rd g T - R X M 16% 0 @ Azl R
(streptozotocin, STZ)3; %m}%fﬁ}% BY B HFERPMiy ‘i3
SOD % catalase 3 "% ™2 4%%'(Vesshy et al, 2002) - ¥ 3 = [F*Jej;] o HE
USE f’f”r/&fj\),%m P2 ECEZ BB AT LZR Y
LAy tranz it F U '”H%ffd?’v»ﬂ WERopm RN 23
it & 4 (Rahimietal., 2005) - ¥ 5 7= 3 » @ * {54 ¢ chpg it = 030

ﬂtqg:ﬁjl:;?;a BEgmzichk £ 2 AFanck ok M7 o
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Table 8 Plant with positive effects in diabetes by their antioxidant properties

Scientific name

Target

Active ingredients

Mechanism of action and/or effects

Anoectochilus
Jormosanus
Trifolium
alexandrium
Viburnim dilatatum

Ever green shrubs
such as Larrea
divarita

Aralia elata
Viscum album
Many plants

Fomes fomentarius
Allivum sativum

Fugenia jambolana

Aloe vera

Scoparia dulcis
Juglans regia
Plants like ferula
assa-foetida

Vitis vinifera
Cassia fistula
Allium cepa

Allivtm sativim

Panax ginseng

Panax ginseng

STZ-induced diabetic
rats

Type 2 diabetic mice
STZ-induced diabetic

mice and KK-Av mice
alloxan-induced diabetic

rats

Type 2 diabetic rats
alloxan-induced diabetic
rabbits

flavonoids

cyaniding
3-sambubioside
nordihydroguairetic
acid

quercetin

s-allyl cysteine
sulfoxide
flavonoids

pedunculagin

ferulic acid

proanthocyanidins

s-methyl cysteine
sulfoxide

s-allyl cysteine
sulfoxide

lrenal LP, Trenal GSH., activity of kidney catalase
scavenging free radicals, | LP. Thepatic GSH
scavenging free radical, |LP

xanthine oxidase inhibition. ion chelation. scavenging free
radicals., |systolic BP, prevention of renal morphological
alteration., improvement in renal function

aldose reductase inhibition, anticatarctogenic activity
lbiomarker of oxidative stress, TGSH in heart & kidney
ion chelation, scavenging free radicals, |LP

alteration of SOD, CAT. and GSH-Px activities,
lbiomarker of oxidative stress

TGST., 1SOD in liver & kidney. |LP

scavenging free radical

TGSH., SOD, CAT., GSH-Px. and GST in liver & kidney,.
LR

TGSH., SOD, CAT, GSH-Px, and GST, |LP

lbiomarker of oxidative stress

scavenging free radicals, |LP

scavenging free radicals., Tpancreatic GSH. |LP

TSOD., CAT., GSH-Px and GR activities in the cardiac
tissues., |LP in heart
scavenging free radicals

scavenging free radicals, |LP

scavenging free radicals. prevention of erectile dysfunction

lipid lowering effect

STZ = streptozocin, LP = lipid peroxidation, GSH = reduced glutathione, BP = blood pressure, GSH-Px = glutathione peoxidase, GR
= glutathione reductase, SOD = superoxide dismutase, CAT = catalase (STZ- and alloxan-induced diabetes are models of type 1
diabetes mellitus, KK-Ay is a model of type 2 diabetes mellitus). (Rahimi ez a/., 2005)
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2-4 F & M2 PEfRER F

BORiC LA LHEBEEEE S L AWN RSP B KR o
Y kb S e 5'?—"’5’ WE B G s R L (T 1Y A R R
DA B B RS SD  A e T g
HEOKfE 3 54 4 i a L Mg 2 f1% - 3 # & 4 F (+02003)
O PEEEE R AR G R ERORT S ) 1 B F e
i L B {8 B o 2. I % (Tadera et al., 2003) -

2-4-1 a-B #5522 o-F F R F
(- ) a-3& # fiF (a-amylase)

a-amylase 7 > ZpEfRAEH 0 LR G Aof F B 2B 2 R
¥ ¥4 pE2 o-1,4-glycosidic linkage ‘K fE S T HE « & T A
GERNC TR e SRy el R iR o AR RO o e ~ich b
SLER L A A 0 o-dkoks B (Aquino et al., 2003 5 Vaseekaran, et al.,
2010) -

(=) o-% % # 3 p+ (a-glucosidase)

o-glucosidase &>t *h > A pEfRfE R > A B 3 A B L w45
R L )ﬁa'J:fv;(brush border)® » ¥ &5 pEigd tpdE Lt T 2R R
#eD-F F 4 0 B # 35 glucoamylase ~ sucrase ~ maltase 2 isomaltase
P E WA % a-F F # 3 e (Frandsen and Svensson, 1998; % »2006 ;
Shobana et al., 2009) -

2-4-2 PEFREEF 2 FrA]TET H0 B R 2L
a-amylasedr#]#] 2 a-glucosidasedr4|#] » ¥ & 5 § pE-RfE = §
W2 iE o e T LR RS S B 2k A

A adFE e 2 48 T (Baron, 1998 ; McCue and Shetty, 2004 ;
37
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Fred-Jaiyesimi et al., 2009) - i * p&fzp% 2 fr4| & (S > Fla ) it 5z
Ll - WA AR R 2enEF IS SRS FAf
FREFA R NI T R AR X0 A g Rl TE
RS 2R EEFGIREL > P RliTr £EpE K o (Yee &
Fong ,1996 ; Fujisawa et al., 2005 ; Fred-Jaiyesimi et al., 2009) - #1171 &
P RenpEfRpE R FeAI AL § oot X RO R E R SR S R
s FA FEE F AR R0 m TR L L AL PSR-
Bt R B F Rl L 0 X G enmie s eIk
B AL TR G X BT FBE L TR AR] S %G F
(7" > 2002) -

Tadera (2006) % + 7= 7 4p & - &7 f# I* & 4 ¥>Ta-glucosidase £
a-amylase £ 3 24F e % > H P 53 F B R AR R AR AT
¥ B % B~ ho-glucosidasedr 4] 2 1Cs % -] * 15uM 5 £ 16855 &
Ak 2 0.5mMM 5 iTF Bk B o $H % B9 iE cho-glucosidase 2 7 % B
a-amylasez Frd 3 (iRl T o dodk 4 977 > FIILF R E F AR SE2 H0
Flpe % it > H P KA AR AR (Y & st a-amylasez ) S ow 4 e
a-glucosidase - Tadera% * i& - ¥ J&aF & fr 44 47 2RIBER 1+ C37
C42C5 = BP-N2Z OHA S P 4% 7 » H frd2 sk 4847 5 C22C32
R {_g4E ~ 3-OH ~ 4-CO ~ 5-OH¥ v 2 2 %‘F%F'J?a”‘—% 3RAZIER o ¥
S = FEIRR L& # % 5 ¥ta-glucosidasez. Fr it 4 » > it & 4
epigallocatechin-3-O-gallate2_ ICsy iE40uM % & » H 22 galloyl group2. #ic
P 3 B (Matsui et al., 2007) -
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4 ~ #% fr ¥~ B % a-glucosidase ¥ 7¥ 3L %% a-amylase 2. #r ] &

Table 9 Inhibitory activity of flavonoid against rat small intestinal a-glucosidase and

porcine pancreatic a-amylase

a-Glucosidase a-Amylase a-Glucosidase a-Amylase
Flavonoid 1 pipition®®  Inhibition®® 1, Flavonoid Inhibition®®  Inhibition®®  1Cs*¢
(%) (%) (mm) (%) (%) (mm)
Flavonol Isoflavone
Myricetin 29 64 0.38 Daidzein 0 19 >0.50
Quercetin 28 50 0.50 Genistein 2 33 =0.50
Kaempferol 8 18 >0.50 Flavan-3-ol
Fisetin 26 33 >0.50 Catechin 1 4 >0.50
Flavone Epicatechin 5 14 >0.50
Luteolin 19 61 0.36 Epigallocatechin 7 5 >0.50
Apigenin 3 21 >0.50 Epigallocatechin 32 21 =>0.50
Baicalein 16 31 >0.50 gallate
Flavanone Anthocyanidin
Naringenin 1 5 >0.50 Cyanidin 6 37 >0.50
Hesperetin 2 16 >0.50

The activity of rat small intestinal a-glucosidase was estimated by measuring glucose
liberated from maltose, and that of porcine pancreatic a-amylase by measuring
p-nitrophenol from BPNPG7. Experimental details are described in “Materials and

Methods.”

% The result was an average of three determinations.

® Inhibition by 0.50 mM flavonoid.

¢ Concentration of flavonoid required for 50% inhibition of the enzyme activity under

the assay conditions. (Tadera et al., 2006)
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2-5 HEF 2 i

Ve PR AR § A8 SFAT SR Bl R o Boera g 2 B g s Ap
FEARARBOT R REEREE A GE R L FARE
Py il %ff\)}% B oend gk R #1305 - 318 5 - AR
T B R R § 2R 53 e & (%] 0 2008) o B A AEHE AL
T B2 E ok g F (D) TI0% § F A (2 d % § & i (3)H
R W BT F R (I RIPEAT 5 P s e (B)3 &R T
HME)FrFPFRN 2 G F AL E (N)FE B > LTI HE2 B
e 2002) o

\-:nk \-:nk

CERT VTR A EESEY E LT £ 3

¥ 5 A3 B o A o a-glucosidase ] ] 0 3 B4 AT

w_—”r
Dl A =N
(w
o+

&

N
G

bR
wofpEE L AL % 2 AR F e BER LR ARG
e d RERL SRS SR MEd] s AW ER T ERES D
Fes 4 w0 D)3 A& eha #2345 (Ceriello, 1998 ; Cheng and Fantus, 2005) -

1

-

“
e

" bR cHE 4 SE A G A ARk A 5 (sulfonylurea) ~ BE¥A 4R ~ a-glucosidase
FedlA MG Fra e A E o pR ELFBRRG o s BAERTF
*2 A2 i R et dE A FIRE O TR S eI R m
g DR R hend (LG (58 0 2002) 0 P oAr e G 3F S e
BEPPRER ] EB Rt iR 2997 55 £
R BEF L 2 ERP T 0 A& ¢ 35 0 4 Fug(alkaloids)  fie pE S

(glycosides) ~ % pEsE ~ = it 2 Hu fo B> pdt i dp v 75 Wig v
PREE L ES R S A GRS BRI BH o -

b
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B B g LR

A4 RAME BEMIA ERMH EMEME R BREE X
N & R H AR 30 Aconitan A % BEHA HE Bk 1 B
¥ DT R KE Alkyldisulfides =#ift4s ¥E Pk R R
K % DERME R OHKE Alkyldisulfides =#iit4 2 HE R
35 35 S & ¥ Glucomannan % k42 IDDM iz
NIDDM 5 &
SoHF L & T E Anemaran A % BEHA HE Bl s R
a8 & B ERIEIR 3% Alkaloids & Myt R KRR
W . & i3 Dioscoran C % BEFA B BRI R
Fhg s &2 b b 3R Ephedran A % aEda B BRI 1N R
FEBRETE M ¥ Guanidine Guanidine NIDDM 5 &
X RF F R Ganoderan A % &E4a e BRI 1S B
2 i 25 BRIk Mo b 2R Glycoside and % &% fafv NIDDM 75 %
alkaloids EX VT
BRAZ > &) £is3 Panaxans % aEda RN
+ A 2 F ® Saccharan C % BEFA e Bk R N R
HE e 25 e &7 Trigonelline 4 Mk e BT ) 4
RaF oMb £ 3 Neomyrtillin e B 4 i Bk % IR &
4L JEM F R S Alkaloids & Mk s R T
% & P Quinquefolans % & %A B 1 B
E A 28 M £ F$13 %  Galatomannan % EE %A IDDM iz
NIDDM 5 &
BEFNEE TR 7 Quinolizidine 4 4k ¥E B KR
alkaloids
e B A a2 M iy d Glycoside B B Y 2B R
RER £ JEH kMR Hypoglycins Hypoglycins IDDM s
NIDDM 5 &
Y 4 R R’ Eleutherans % 8% A B Bk g5 /1N B
2N 25 3# Alkaloids 4 ik NIDDM 5 &
(#8 > 2002)
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WG AR AR &2 X T HR Hg % > doiBac~ %% 7 if ~
EH TR G R -FPLEHFS - B AR AR oEL S S R
FEt BB AR o @ B kil s 0k b R b o
TR EERELFIPT SRS FIRERBRDLLE S e o

Y
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SR FPIEBARRER

3-1 =y Bt

Wil 7 gl pod REBAROTF AP EH e od LD R
EHECFEREAFCAIEIhp D A DAY fopd A
FEHfiy L FF o AP B BEE RPN T FA AT
wiedf o v FRELEARY TE A2 A Fpd AL RARmRY
Wit e ERH N SR LR A il A T W R R B
S F AR TR R A ks % AL Mo % % (Ceriello, 2003 ;
Rahimi etal, 2005) - 35 $ /= 3 729 1§ V&7 "8 (X F & Boirsldez
FOBRA L EMIGTES Y2 F0 THAELCDAED BA R wi i
R ofivEd o d WAL ARy CAT RGBT TG 2
R T g & kipg BATH L pARR P FH X 25 rnaain
F ORI KRB & e & o P 44§ 4L (Zingiberaceae) e 4 B 2
% (Alpinia officinarum)2_ 43 & » &AW 7 HF £ 5 T4y L -
Folp s Ful 4R S b B R S L BB M T e

Flpt A B L2 TR BRI o
FAILE S al U R ipE e
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3-2 3 A

Alpinia officinarum rhizome
ground; extracted with n-hexane; filtered

v v

n-hexane extract residue
l extracted with EtOAc; filtered

¢ residue
EtOAcC extract l extracted with MeOH; filtered

MeOH extract

<<Antioxidation test>>
1. total phenolics determination
2. flavonoid determination
3. ferric thiocyanate method

v
EtOAC extract
Antioxidative composition Hypoglycemic regulation
<< analysis >> << analysis >>
1. Silica gel liquid
chromatography Fraction C-3 of EtOAC extract
2. ferric thiocyanate .
FL83B cell line:
method
v 1. Glucose uptake
. 2. Glycogen synthesis
Fraction C of EtOAC extract yeogen sy
1. XAD-2 liquid
chromatography Isolated components 1-6
2. ferric thiocyanate
method Glycosidase Enzyme
v inhibitory activity :

1. a —amylase

Fraction C-3 of EtOAcC extract 2. o glucosidase

! HPLC analysis

N
Isolated components 1-6
1. TEAC assay
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Frd e
-1 F B
*R %S 7 243 2 g (Alpinia officinarum rhizome) 2 &+ &
PR o SRR ORAFRAS? BT OMEE3S5 0T RS
FI* B S BEA e AL F o

4-2 F B ir 8B R
4-2-1 7F 1" RH2 P2 E

Ammonium thiocyanate (NH,SCN)pp B & i &8 =~ & (Tokyo,
Japan) ; iron(1I) chloride tetrahydrate (FeCl, « 4H,0) ~ potassium
phosphate, monobasic (KH,PO4)~ B p i 2 1 % o 2 (Osaka, Japan) ;
2,2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS) ~ butyl
hydroxyl anisole (BHA)~Folin-Ciocalteu’s phenol reagent~linoleic acid -
peroxidase from horseradish (116 units/mg solid) ~ a-tocopherol & p
Sigma = # (St. Louis, MO, USA) ; hydrogen peroxide (H,O,) -~ sodium
carbonate (Na,CO3)ptp Riedel-de Haén =~ 7 (Seelze, Germany) ;
6-hydroxy-2,5,7,8-teramethyl-2-2carboxylic acid (trolox) -~ gallic acid F&
p Aldrich 2> # (Milwaukee, WI, USA) ; aluminium nitrate (AI(NO3)3 -
9H,O)rLp Merck = & (Germany)

4-2-2 PR PR PE

Potassium phosphate, monobasic (KH,PO,) ~ sodium chloride (NaCl)
PEp A § % 5 o 7 (Osaka, Japan) ~ disodium hydrogenphosphate,
anhydrous (Na;HPO,) ~ starch p-p frk % % 1 ¥ o 2 (Wako, Japan) -
sodium carbonate, anhydrous (Na,COz)pt p 5 Lz % o 2 (Katayama,

Japan) ~ sodium hydroxide (NaOH)pp B 1 it & = & (Hsinchu, Taiwan) ~
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a-amylase from Aspergillus oryzae ~ a-glucosidase from bakers yeast -
4-nitrophenyl a-D-glucopyranoside (pNPG) ~ 3,5-dinitrosalicylic acid
(DNSA)3=pa Sigma = ' (St. Louis, MO, USA)

4-2-3 ‘miE it & 2 IREE

Kaighn’s modification of Ham’s F12 medium ~ insulin -
ethylenediaminetetraacetic acid (EDTA) ~ nonidet P-40 substitute (NP-40) ~
sodiun deoxycholate ~ propidium iodide (PI)pp Sigma =  (St. Louis,
MO, USA) ; #»# i - (charcocal/dextran treated fetal bovine serum,
FBS) -~ trypsin-EDTA ~ trypan bluepip Biological Industries > &
(Kibbutz, Isral) ; 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)
amino)-2-deoxyglucose)(2-NBDG)k4 g Invitrogen 2> # (OR, USA) ;
Sodium bicarbonate (NaHCOz)ptp 4 % % %2> 7 (Osaka, JAPAN) ;
monopotassium phosphate (KH,PO,) ~ disodium hydrogen phosphate
(Na,HPO,) - p Mallinckrodt Baker = @ (NJ, USA) ; sodium chloride
(NaClpp Amresco = # (OH, USA); potassium chloride (KCDFEp 4
#Z 1 ¥ o 7 (Osaka, Japan) ; tris-(hydroxymethyl)-aminomethane ~ sodium
dodecyl sulphate (SDS)# f Bio-Rad 2 # (CA, USA) ; BCA™ Protein
Assay Kitf p Pierce Biotechnology =~ # (IL, USA) ;

4-2-4 = o o TR 2 %

1 ¥ & ethyl acetate ~n-hexane~methanol - p % £ % 2 2 (Taiwan) ;
acetone ~ n-hexane ~ methanol &£ p SK Chemicals = # (Korea) ; ethyl
acetate f-p ECHO = & (Taiwan) ; chloroform pp Merck = &
(Germany) ; chloroform-D; ~ DMSO-Dg ~ methanol-Dsp-p CIL = @
(Andover, MA, USA)
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4-3 F HK A
4-3-1 Bz RERG
(1) RE R AT E A
Silica gel 60 A#7%5 (70-230 mesh)pt-p Merck =~ # (Germany)
XAD-2 ##75(20-60 mesh)pp Sigma = # (St. Louis, MO, USA)
(2) & = tB4EF »aik 4p K 47 & (HPLC)
% AP & 47 &k (L-7100)pL g Hitachi = & (Japan)
k- 48 5 K 47 B (L-7450A) P A Hitachi = 2 (Japan)
R A7 #18 Tk g2 % (D-7000) pEp Hitachi = & (Japan)
11T % vck 7% 40 ¢ 41 Develosil ODS-HG-5 (250x4.6 mm) ~
Develosil ODS-HG-5 (250x20 mm) ~ Develosil RP-Agueous
(250x4.6 mm) ~ Develosil RP-Aqueous (250%20 mm) 3= p
Nomura = # (Japan)
(3) ek Bk 45t (EYELAN-1)L p Rikkakikai(Tokyo, Japan)
(4) ¥ #h-v R skexsk k2 % (U-2001)pE p Hitachi = & (Japan)
(5) 2 % #& £ 3 tk (VXR-300/51)
'H-NMR 12 300MHz ~ ®C-NMR 12 75MHz # i#| -

4-3-2 ‘mie p| T2 R FEK A

(1)CO, 178 2 % 45 (HEPA CLASS100) pp Thermo = # ( USA)
(2) 4e #1538 7% % (WB212-B1) B Kansin 2 2 (USA)

(3) = 3k 2+ #< B (hemocytometa) pEp Superior = & (Germany)

(4) & A% (T H L p Bellco = & (USA)

(5) m) = ¥ kB4 (IX-71) pEp Olympus = # (Japan)

(6) % ik ¥ pTi3 1 (LS-750) BEp Taylor-Wharton = # (Germany)
(7) 2 7 ¥ (Vortex-2 genie)p- g Scientific Industries = # (USA)
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(8) 7w 3¢ fm ¥z ix (FACScan) P p Becton Dickinson = & (USA)

(9) %% & # & 7 ik ELISAreader (MRXII) pp Dynex = # (USA) -
(10) £ + 4] &< #%(UFO-2100) P A Pantech 2 & (Taiwan)

(11) B i# < &< # (Centrifuge 5810R) ptA Eppendorf 2 # (USA)

4-4-1 # 55 B~

B EAEDPE > B333VQIcHET B LE LA BRAERY
15L eh ol @ b2~ e e fig ~ TR EET AR EAFZ Lo
M F iERT R AR TEF L AR AT 40°CT o
FRRIRGEBRY ’ﬁi WEWPF O DFEAFELF BERTAC KR
Poo B AFALBBMEIE WR AR L - R

Alpinia officinarum rhizome
ground; extracted with n-hexane; filtered
v i
n-hexane extract residue
l ¢ extracted with EtOAC; filtered
EtOAC extract residue

lextracted with MeOH:; filtered

MeOH extract

E]__L .S \ﬁr’%é//\;ﬁq E‘*ﬁ? ﬁi\l%

Fig. 11 The solvent extracts prepared from Alpinia officinarum rhizome.
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4-4-2 7= 7 £ ip] Z(total phenolic compounds determination)
J 72 @ Folin-Ciocalteu’s phenol reagent £2 fis 58 i* & 47 2. OH & F J& >
TALD FRELFI R DHRRILE 7350m 2% K E o ek
EARF AT SRRt G g RARTD o

% P& Julkunen-Titto (1985)z_ = ;2 » #-50ul & &% 7 kB 2
gallic acid #% % % > 4c » 1ImL H,O % 500ul Folin-Ciocalteu’s phenol

m

reagent > * 4 % 32 & » £ 4c » 25mL 20% Na,COz > /2 £353 » »*
FETEE 20040 A KRB IR E 735nM T 2k E o ¥F
R LA 7 4v Folin-Ciocalteu’s phenol reagent 2_ 3¢5 § (T3 v ¥R E -
BT R(e- ) 0 4 S Ap g2 gallicacid § £ 0 2 mg gallic
acid equivalent/g 3 2§ 5 B4 o

4-4-3 %3¢ % ik 7 € B (Flavonoid determination)
RIEIER M &P T T AR SR NI B EF
T HPIAE 415nm 2 Bk (B > Bk EAXF R A TS R ML L
fpRAS

%R B (1996) 14 (2003) & £ 2 = 2> #-250ul th -2 7 kR 2
quercetin -2 50 4o » 10%AY e e 2 IM psfkdm & 50ul> £ 4 ~ 1.4mL
F Ik REEG SN FTETERA L4 kR R RIA
E415nm T2 k@ o F bR A A Aepl iedR2 BB E TR0 iR
oo IR M=) > 1k B 4§t 2 quercetin § £ 0 4 mg

quercetin equivalent/ g & 2 g 5 B4 -
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4-4-4 Fr ¥ pass iz p) = (ferric thiocyanate assay)

BRI gy AR GEF LA ET T L F
FeCl, ¥ fiui¢ Fe™'§ it & Fe* Fe™ 'L B mf i) 2ehic ¢ 4510
L4 > FHRk L B00NM 2 kg > ek EARE A E AR
BA%B o HF e

ROOH+Fe*" —> RO+ +0OH +Fe*"
Fe** +6 NH,SCN —> Fe(SCN)s® +6 NH*"
Fe(SCN)¢® : red pigment complex at Aya 500 NM

(1) 1/30M PBS (phosphate buffer saline) % #
0.2M KH,PO, 50mL ~ 0.2N NaOH 30mL % & &g+ -k 100mL » 2 0.2N
NaOH 2 & pH 3 7.0 > =& % 200mL # * -

(2) I Fid pa(Linoleic acid) % &

Linoleic acid, approx. 60% 5 "o § ~ KR EAEZ B HAE £ A%
2mL 3 25E Y G- 20CA R R Y o FHES B EATEAGR
% o

S % v (1967)% #5(1991)% 4 2= % > #-200ul % &(mg/mL)
a-tocopherol (mg/mL)% BHA (mg/mL) ~ 10mL 1.3%I; Ji-id fe ® %% 7%
10mL 1/30M pH7.0 PBS % 4.8mL 2 &3+ -k » ¥ > 2 4 BRI E 2
50mL = £ 4875552 40°C oS EH PN F R0 B 15 24 ) pEB )
TR F RELE AT e

Bl b atF AR 200ud 0 4e ~ 9.4mL75%7 fE o E ik R4
200ul (38.8mg FeCl, « 4H,0/10 mL 3.59% HCl)# i I 4% % 200ul( 3g
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NH,SCN / 7mL dist. HO)F: § fader iR 5355 » % 2 BT & i 3 A 48 -
vk Sk B e p L £ 500Nm T 2ok E o

4-4-5 vz 1t 5+ P Z(Trolox equivalent antioxidant capacity,
TEAC)

Jn 32 thorseradish peroxidase ¢ i#.i* H,0, 2 ABTS ¥ j2; % ABTS « *
FERETESRS pd A E 0 AR E 734nm R Rk E o F
BB A P PR ABTS - T MRBEET S o F s
HF 4o

é_.
ft
Bz 4
B
}
P
et
A4
¢
Em
.
Bz
®.

H,0, + ABTS—2E_,2oH,0 + ABTS -

%P Miller(1993) 2 Arnao(1996) % + 2_ = ;= » #-2,2’-azino-bis-
(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS) ~ peroxidase ¥ H,0, ;&
£3953 @ B M L AER A B 5 100uM~4.4 unit/mL ¥ 50uM > >+ 30°C
Tk E Ll A AT hES S ABTS ¢ o 40 » 250ul R 5
(mg/mL)% # fE B 2 trolox =8 5.» R 5355 >3 %8 7 F & 10 &
g0 A KRR IHERLLE 734nm T 2k E o BRI A5 1

% 5 4p ¥t 2 trolox § £ » 12 mM trolox equivalent/ mg sample # -+ -

4-4-6 FiF VX oz F BN S Y E L

FAFLE R g T EEI o I AL ERBE R
Z R R o e fhe i FP-A R ILE R SRR AT i
FEAITERAP 7 5 RAB IR Mo BRE S gt i
BR R LA AR AF LML fE Bt 2 fuF A A2 A
Yo L AR Ao B L r T o
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(1) # % e iR 4p 8 A 47

# 12 Silica gel # %>t L3 # $1.(700x 45 mm) > £ #-1 55 3§
B2 BrBeEemyFrrRerr e sl g dhk ik
ERER AR e fAa(vv)=100:0~80: 2060 : 40 40 :
60-~20:80~0:100~ 2 ez fig - ¥ fg(viv)=50 : 50 ;8 &3 & > i+
Feite v & 5 200mL Lo B H o B0 AT L RSk ki RS
Rk £ 270nm 2 vk BT BALITRIE T R A o A I ALY R
WP E "4 RS Ly (.

(2) XAD-2 % #p 8 4Lk 17
i€ * XAD-2 >0 gL5 F 1 (700x 45 mm) > £ #-E g

G "i*ﬁf e fEFBr i hr CRIFWD R LET FHET
L TH PR A R R RAE K DT BN

=100:0-80:20-60:40~40:60~0:100~ ¢ f&z fig : ? fE(VIV)
—=50:50 2 8 & A A o ki i E 200mL G e B H o 3o E ok SR
VOB keRGk k¥ RAFA 0 BRI R 270nm 2wk B4 & AL T B iE
TR®A @ e B g ﬁf@ziﬁ‘u‘i%ﬁiﬁdé ERAP T E R I A )
it B R A C-30 1% 3 2% 4p & 47 & (high performance liquid
chromatography, HPLC) ~# 47 & = & o

(3)HPLC 4 45

Bt Badng S AZRA CIFNF TR EITET A
F5 0 AUAATA B AR AR EATH F A BLIER L R B P REE R Y
BWE A B R KT AT A AE C 2 A G BTRIP AT A A
MG H - 2 b RERE @f%.zﬁ;g;io 3 éii&#ﬁ’%ﬁ‘rﬁ}% B
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AT
(3-1) A7l Frciep kit [#itFHF1-2-3-4-5-6]
# 4o : Develosil RP-Aqueous (C30-UG)

(250x4.6 mm > p 4~ Nomura = &)
¥k P HO P MeOH © = & frpe (viv) =249:75:01
e i 01 mL/min

iR L 270 nm

(32) W& F eminkit (B F1-2-34-56)
# 41 : Develosil RP-Aqueous (C30-UG)

(250x20 mm > p ~ Nomura = #)
¥R 1 H,O P MeOH & = 4 rpk (viv) =249:75:0.1
e ik 4.5 mL/min

BB 1270 nm
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EtOAcC extract (A. officinarum rhizome)

lseparated by silica gel column chromatography

n-hexane 100 80 60 40 20 0 EtOAc 50

EtOACc 0 20 40 60 80 100 MeOH 50

fraction AB C D - E---mmmmm -
v
Antioxidation test (ferric thiocyanate method)
v
Fraction C

lseparated by XAD-2 column chromatography

H,O 100 80 60 40 0 MeOH 50
MeOH 0 20 40 60 100 Acetone 50
fraction - C-1 --C-2 C-3 C-4
!
Antioxidation test (ferric thiocyanate method)
Fraction C-3

l separated by HPLC

Isolated components 1-6

Bl-- B afefe igEbdediy (L2 42 %R -
Fig. 12 The antioxidative components isolated from EtOAc extract of A. officinarum

rhizome.
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(4) Hit P T2 S HET
4-4-8'H-2 PC-Pi £ #k (H-2 PC-NMR) k3] T4t 4o ¢
#4512 % &4 methanol-d, 22 methyl sulfoxide-dg # > 12
VXR-300/51 4 ¥ &5 & 45 £ 2% % ('H-NMR 2 300MHz > “C-NMR
72 75MHz) Bl EEE 'H-2 BC-NMR b2 o k24512 0 4 7
it & =4 (chemical shift) > I 12 TMS( tetramethylsilane ) -v & +* # 4k
#ahos ko H &4 (singlet) > d # o g4 (doublet) > t % 77 = &4
(triplet) » q % 77 = %% (quartet) » b £ 5= & %4 (broad) » m % 7+ %
£ &0 (multiplet ) ; e prig iz & oh-7 AR 2 T L7 LR E T
KHfRAT 2 B HET -

4-4-7 a-amylase #r+1] e 4 Pl 2
(1) 0.2M PBS (phosphate buffer saline) %l %

0.2M KH,PO,4 22 NagHPO4 12 4.5 v 55 ernt iR & 5 4 » 6mM
NaOH > 4 # % pH6.9 # * o

%< Ali (2006) 2 7(2009) % A 2_ = ;2 1 4c i3 &F » P~ g-amylase /%
++ 0.1M PBS > a-amylase &% 2 5U/mL - B~ 100ul %% i% » 4c » 100pl
Bso R EHE > ITCT F K10 £ 480 4 » 800ul 1% starch (73 *¢
PBS)T /2 £353 > > 37C T F & 3~ 45 » £ 4 » 200ul 5%
3,5-dinitrosalicylic acid (DNSA)# px 2 2 & m » ot F R &35 » ¢
OCT™F 510 48> A Frd T > A XRERHRPIAE 540nm ™
25k 0 R Rk E o drd| e Rz 0.IMPBS B 4k & o

AARER R G HRSIEREE | F 2 E 2 N e
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415 (%) =100%— [(As-Ae)/(Ac-Acs) x100%]
Ac(fr#1%e) © %% +buffer+ 2 5

As(F ohie) : BB+t A F

Ag(¥ B '2) : buffer+t &+ 2 5

Acs(3-#1% # =) : buffer+buffer+ &

4-4-8 a-glucosidase F#r 41 ic 4 B 2
(1) 0.1M PBS (phosphate buffer saline) % #

0.1M KH,PO, 27 0.1M NayHPO, 4 1+ 1 et G52 & » £ 3 & pH
BEI 68% % o

%% Shim(2003) 2 4£(2008) % A 2 = ;= I i 4v i3 &F > B~
a-glucosidase (21unit/mg)i% *+ 0.1M PBS> a-glucosidase % 1+ 5 1U/mL-
B 20ul f¥2 % 0 4o~ 100ul #% &0 £ 4e » 380ul 0.53mM 4-nitrophenyl
a-D-glucopyranoside (pNPG)*+ 37°C * & J& 20 4 455 > 4c » 500ul 0.1M
Na,COsiR £355 » ¢ ftd 2iEm @ b F oo WA kLRI HREILE
400nm T 2w K E o g G F S E s skl o gl n] i 0.1IMPBS

Pt a F RPN GRS LFEERE o P23 E 2 N e

Fr#1 5 (%) = [Ac-(As-Acs)/Ac] x 100%
Ac(r41%e) @ p¥ % +38 F+buffer 2 e % &
As(F ki) rh+RA T+ &2 sk iE

Acs(# ¥ ) : buffer+buffer+4f 5-2_ v sk &

56



4-4-9 ‘m¥e 3 %
(1) ek

rF AT % o] & FL83B **m 2 $k (mouse hepatocyte cell line ;
BCRC number 60325) » &3t pbst Al imPe > BEA & 1 £ F EFA T 914
P Fihi% 3 2 3 ¢ o (Bioresource Collection Research Center,

Hsinchu, Taiwan) -

(2) PBS (phosphate buffer saline) %] %

#=2~ 0.4g KCI ~ 0.06g KH,PO, ~ 0.35g NaHCO; ~8g NaCl~0.048g
Na;HPO, 2 3+ -k T & 3 1L - B » & 5¥07 » 538 3 B Fi
BETTEEE Y .

(3)mre 12 % %l &

#-F12K medium #: % 2 1.8g NaHCO; = 7% f#>* 900mL = =x -k >

£ FE T 2 022um g R S A KR F ALY 0
T A4CkfaH /‘j‘ 4v 10% FBS ** F12K medium ¥ » @] % = FL83B

W R B R R o

(4) fwmPe PR 2_ ik & %
wie fRk L d R F BN - o 748 k2 FL83B lmfr 2| 3F
¥ B 3TC ki v Se BRI 0 1L THYTEPE B b 2R 1S
> EFETHE R R R A P o B4 » 10mL 7 10% FBS
Zz. F12K medium » dsded4d @ mie B2 23R £393 > 3 37C ~ 5%
CO 2% ' BH24 |FR3{HIFITERR Fwed £3 58
ARPE S BFTMARER
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e 3 L #-iF iR FL83Bme it A P 4 R84k 1Y
PBS iji% 1~2 =t » 4c » 2mL 1Xtrypsin-EDTA »  ** 37C# % 465 J&
3~5 445 > £ 4~ 6mL 7 10% FBS 2. F12K medium » % 1t
trypsin-EDTA z_ (8% » #-#r5 sn%e iR fc B30 50mL 3o ¢ @ > 1a of
TrHcE - Ecinrr 0 L2 1000rpm 2 ASTCHEs T A 0 SRR S
1.5x10° cell/mL » *+-20°C*c % 30 4 45 » £ # % -80°C*c % overnight »
BisETWiREE N -

(5) fm ¥z FhFE &

FL83B m*z 32 % ** 7 10% FBS 2. F12K medium ¥ 37°C z 5% CO,
2 37T CHAEHY » JIT F2 FEERERFwe » Foed £98
AR EFEARA ALY PBS ik 0 4o 2mL 1X
trypsin-EDTA » £ > 37 CE £ % B 3~5 445> £ 4c » 6mL 7 10%
FBS 2. F12K medium » % iF trypsin-EDTA z_ {£ % » #-fmPe 3t & A
PR A R RIFR T OTATR A ¢ 0 T3 RTihime 1

7% 10mL > mre s £ 9 1~2 X { - = o

4-4-10 XTT assay ‘m e 5 4] 2_
FI@ i fmre ok SEE P 7hza ph 3 & f=(succinate-tetrazolium reductase)
#- XTT entetrazolium g 47 %7 > A5 = — iz d Z2_ formazan i* & ¥ > ¥
Bk E B4A0~570nm T 2wk ki o H @ i gk St o HE
i AoBl L = A1 o

12 2x10° cell/well #- FL83B m® 32 % *+ 96 3445 ¥ 24 /| pF » v »
Pl kR FRHESE R 24 BABAAT L PBS ik e
4v o~ XTT 224 50 uL (XTT reagent : activation reagent =50 : 1);8 & =5
3% 37T°CF s 2/ P> 1% 4B A 17 kiR & 540~570nm
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N R TN
Z_WR kK IE o

tetrazolium formazan

o)
XTT - S
e
=D -

CHy 50.9
NOp

Q

Ot 2

Bl = ~ XTT @& 2 F g3t o
Fig. 13 Structures of XTT tetrazolium and formazan. (Scudiero, 1988)

4-4-11 FL83B w® 2_ § % #EH i 2-NBDG #& » £ » 47
(1) # & #4202 4 (2-NBDG)

2-NBDG % - ¥ 5 #4724 4 > » 5 £ % 342.26 ( Yoshioka et al.,
1996) - %1k = 2- [ N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino ]
-2-deoxy-D-glucose o # *t487 nm™ % F|jpcw 0 *+542nmfR 4 ko A

Wk R E T UPBSHe @k R 5 29.2mM 5 BE530-20°C ke E o

CHZOH

o
OH OH

HO
NH

Bl 2 ~ 2-NBDG &3¢ °
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AR ECE I BERIE

B~10mg #s & 4 » 10 mL= f#-k # 100 pL acetic acidi® & 323 & >
120.22 um i ie TRe kR 5 Img/mLe %3 30-20C ok At o
A woo i & AR I Spg/mL -

(3) 3% % FL83B im*s & 4 3% § % [ofild

S+ % (2011)2 = % > #-FLB3B m® s % 5 A A% > {374 § u
¥ AL 24 )P g4 r 60mM 2 glucose R im e 0 3 & 24 0]
B dmie W R A AL R F RS o

B %% kB 1x10° cell/well -] 8375 s 5 FL83B 32 % »+ 1234 45 >
AP RILE(B T ) 4v 73 Spg/mL% g %22 2-NBDG ~ &
1 ] P > 12 PBS ik » 4e» 150pl X trypsin-EDTA » & *+ 37C3# %
$F s 3~5 A 40 ik B 4e » 300l FBS~50ul PBS %2 6ul PI(mg/mL) -
edmre o BRS¢ 1R N e i iR) 2-NBDG # ~ FL83B ‘w

¥ 2 R
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Day 0 Day 1 Day 2 Day 3 Day 4

(A) Control A medium —p medium

(B)

di A. officinarum rhizome
MEdIUM  —> FtoAC extract (C-3)

(C) Control B medium —p 0% FBS —p 0% High glucose

(D)

) . A. officinarum
medium —p 0% FBS —» 0% High glucose —» EtOAC extract (C-3)

W7 2 ¥ e i FLB3B wre it LH e e fa il wma C b
o 5o e g RS > ke & 5 A 5 (A H 2 (B) S (O)F 4B
o e (D) § AR IR o fh Rl o RS L BRI 2 R R Y
¥ MR L e 2 B o

Fig 15 The addition of ethyl acetate extract of A. officinarum rhizome in normal (A, - ;

B+) and resistant (C,- ; D+) FL83B cells.
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4-4-12 e phAFRE L £ B A 45

IR AU EER-EERE A TREEZ R 0§ PEERAIERR R 2 S
fE A2 VEEMBRELGEF R A RERI P EF
Bl E 620Nnm T 2wk iE o FckiEANE NARp SR EARS o
BT ES SR R R R o Hiple G RAEME > FRlEL
0.05ug 2. " pE 5 & o

%+ ¥ i3 #x Lawrence(1961) % £ (2011)% < 2. = % » B~fm ¥k &

1x10° cell/well -] & 3%5% FL83B in# 12 % ** 6cmdish » 4 » % kR
BLPOHLMEPS 2R CARILE ¥ 2 [ifiimiz 24 ) pFis > 12
500pl trypsin #-sm?z = T > L 4v » 1mL PBS #-Jm %2 {73 15mL s ¢ o
B 100pl fmie % i 7 -0 B R R 0 A {54~ 500 pl 30 % KOH 7 & 35
3 > » 100°C-kig 20 ~ 48 > £ 4c > 8ML 9SWIFF » 22 -20°C k44
4] pF > E r2 4000rpm gges 15 4 48 o Kf—i PR R R RHY R
EPE R 2 EE o BT RA T 500ul = kYo der 1mL0.2%
anthron reagent » ¥ *t 100 C-kix 20 4 48 > B 18 10 & Kk B -
A E 620nm T 2wk iE o

4-4-13 35 F 2 E

RIL:AI* 3 T2 % 2 BCA™:e {7 £ -BCA (Bicinchoninic acid)
BEEA Y Aok e R G A BT (Cu) & Far £
PERE P R ARMEIRET 0 R0 FERFER Y o Girars R
Foe HW Lavdrs o s 230 BCA ¢ HHHE § dr3p+ 2K &
FRIZERT > TRPIAE BG20nm 2k o FR ki EARE R A
TERFY TRRAR

#-FL83B ‘m¥®s #1dd B~2_Fv o B SR 1 iR Bcis o

-1 10 pl #6522 200 pl i (Reagent A : B =49 : 1)t & 355
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% 37 CTF R 30min - £ 2 ELISAreader #ipl& £ 562 nm 2
Sk g od BSA REEEIRES ATE G E iz ? G0 Tk
F (ng/mL) e

4-8-14 %3+ i 47

Foek TELZERHLZE4 0 1 THE £ HEHL (Mean
+SD) %1 » ¥ * Statistical Analysis System (SAS) 9.0 3=z st3i*
FRE e 7 % B i~ 7 (ANOVA ) 22 Duncan’s multiple range test 4 7 »
W e ek F A R ARR o
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$74 8

v fae ﬁ,,l_,.Bx}fn;fm;g (LRNVAE AR R R

511 3 A §FPF 2L A S

AF G EFEB > 333700 FRALERL % 0 &
Bt lbadeie 2 o fie figs P @EIFETRER

B ) g sV R E S Kt 4 OCT?%fﬂ"ﬁ » TREEDL 2 =

O&LmJEW§¥%#’

iie
it wg AP fé%f;%?lf,f%
H

A
RN
<k
a4
=

AShA > 93 871% > H=x s o o iy i B4 355% 0 @ it & b2
B4 4 2.13% o

512 # LEFBFLABHLFFE

Er iy P PREE A AR
& & 2. & 4 (Castelluccio et al., 1995 ; Kalt et al., 1999) -
Folin-Ciocalteu’s assay 5 — f& R iZ % >t Rl B it & ™ 2
Folin-Ciocalteu’s phenol reagent ¥ i®* »*fs4p it & 4 545 F e OH 2 -
T A4d 3 %éfm,L ¢ K ),@;(Julkunen-Titto, 1985) - 4 @ =12 gallic
acid ¥ 5 &8 5> 3 5 jp ¥ gallicacid 2 & o %= A3 ®(L e =~ ¢
pee fig ~ ﬁ?)i‘??‘% BRI EFZEA O KT RS F (R
TR) T RLMEPRFNIIBERFDLIIEET S RSB
286 % - FRLEZRIEPPY e R RERPF LG BB DR
oz g

¥ ﬁ]%(flavonmds)fg%%“ﬁ;? BCEP L AL EE

o
=
hn
’1

wht

“%F‘
T

¥

&
)
=

—T’

»:a\

[ERAN g ﬁg,_é;g."‘l 1:,\%% F_ei

m\vt
Qe
™
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Lo R AFZERMI S AL

Table 11 Yields of three solvent extracts from A. officinarum rhizome.

Extract Weight (g) Yield (%) ®
n-hexane 71.07 2.13
EtOAC 118.46 3.55
MeOH 290.65 8.71
Total 480.18 14.39

*Sample weight : 3,337 g

450
400

I~ ‘4 ‘2l

L [=] i

=] = f=
w

gallic acid equivalent (mg/mL)

MeOH extract EtOAc extract n-hexane extract
concentration (mg/g)

DESEINE SR T E SORIEY S
Fig. 16 The total phenolic compound contents of three solvent extracts from A.
officinarum rhizome. Bars represent meanstSD, n=3. Means with different letters are

significant different (p<0.05) by Duncan’s multiple range test.
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P (B & 4 21996 5 4 - 2003) - A B 2 quercetin 1T 5 R85 0 Y
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Fig. 17 The total flavonoid contents of three solvent extracts from A. officinarum
rhizome. Bars represent means+SD, n=3. Means with different letters are significant

different (p<0.05) by Duncan’s multiple range test.
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Fig. 18 Antioxidative activities of three solvent extracts from A. officinarum rhizome

by ferric thiocyanate assay.

67



5-1-5 3 2o e Ml Bdrdng (L2 02 o gger i
5-1-5-1 ¢ fac fig H P-4 2 #7 Wi 4p g 41k 47

BRAFLORLC MEBSIFLAE MAR-T L ke kLR
FIH ik £ 270nm & 5 B < SOlTE 0 s B 270nm G kAR g ALK AT
P B2 Rl & o g S #-silica gel St gk 33 g 41(700 x 45 mm):g 7
oIk B RIEERA LT R e fig(viv)=100 :
0-80:20-60:40-40:60~20:80-0:100~ 2 sz fig : © fA(V/V)
=50:502_ 8 &% F|s - F e 2= F1200mL 5 T & H = 2k £ 270nm
2R BRI ME EBSBRREA RSB RAFRARASLL R
A AB-C-D-E(B+1): 2 %A Hike it figiBgehy 41t
& H) 5 26.86% ~ 0.52% ~ 20.31% ~ 33.73% ~ 18.58% ° #-5 i F 4 7 iE
FALF fABE 2 g MRS Rk (B L) 4mF a4 5 BHA
> %L C> RAE> F4D> %0 A> RAB>a-4 TR > HERE
TBEHEAFP > UTEAS CLF B C 1 7 Fag it i 4 AT
BHA » F]p #-% & Cie (7 L i # A 17 -

5-1-5-2 % A 4 C 2. XAD-2 i 4p ¥ +.4 47

bole ik oo FEAILE AT A ke kL kR 0 FIE AR E
270nm £ F B X SfT i o fiE B 270nm 5 A E o b it H A C
B o~ i F XAD-2 %482 k38 # 41.(700 x 45 mm)i& 7 % = X4
A HibmiEE A Sk ¥ EE(viv)=100:0-80:20~60: 40 -
40:60~0:100- ¢ ﬁfr;ac fig @ ¥ ﬁga(vlv) 50 : 50z & &A% F ik

FPABHRAMABTR AR E LGRS CLYC2 C-3 C-4(H
SR RA L L fa P %A CanE A v w5 0.28% -

1.31% ~ 93.69% ~ 4.72% o #-4 B F A & (7 FL§ BBl 2 FF 1t

68



Bl sT (B L) B4 i 4 5 BHA> %4 C3> /A
C4= %A C-l1>a-2 7k > %A C2> $Re 27 %4 C324n
3 ibar 4 BRI -4 L AT BHA i EHE F A C-3
-2 HPLC A 32 %t Hp\ 31 & chpd (v 24 o

n-hexane 100 80 60 40 20 0 EtOAc 50

EtOAc 0O 20 40 60 80 100 MeOH 50

AB C D e—— E ——

600

500

400

300

200

Absorbance at 270nm

100

1 9 13 17 21 25 29 33 37 41 45 49 53 57 o1
Tube no (each tube 200ml)

Bl-1 - BLBLReBIPPLPYRPELAEITE -
Fig. 19 Silica gel liquid chromatogram of eluted fraction from EtOAc extract of A.

officinarum rhizome.
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Fig. 20 Antioxidative activities of eluted fraction from EtOAc extract of A.
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A. officinarum rhizome by ferric thiocyanate assay.
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Fig. 23 Analytical HPLC chromatogram of isolated component from C-3 fraction of

EtOACc extract of A. officinarum rhizome.
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Fig. 24 Analytical HPLC chromatogram of isolated component 1 from EtOAc extract

of A. officinarum rhizome.
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Fig. 25 Analytical HPLC chromatogram of isolated component 2 from EtOAc extract

of A. officinarum rhizome.

74



0.8—: %Elg‘f-,ééit;’f%%ffS
] 3 Column: Develosil RP-Aqueous
(250%4.6 mm)
] Eluent;: MeOH: H,O: TFA (v/viv)
06 75 24:9 :0.1
] Flow rate: 1 mL/min
Detector: 270nm

0
B

Absorbance (AU)
@)
P

B/ B o= 5 &8 & 3

o 2 a 6 8 10 . 2 1a 16 B D
Retention time (min)

Bt - BrEeHEeMEBRSFHHF 32 4474 HPLC B -
Fig. 26 Analytical HPLC chromatogram of isolated component 3 from EtOAc extract

of A. officinarum rhizome.
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Fig. 27 Analytical HPLC chromatogram of isolated component 4 from EtOAc extract

of A. officinarum rhizome.
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Fig. 28 Analytical HPLC chromatogram of isolated component 5 from EtOAc extract

of A. officinarum rhizome.
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Fig. 29 Analytical HPLC chromatogram of isolated component 6 from EtOAc extract

of A. officinarum rhizome.
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1: 1-hydroxy-7-(4"-hydroxy-3"-methoxyphenyl)-3-heptanone

Structure of 1

UV Amax (MeOH) nm: 204, 283

LC-MS (m/z): 327[M+H]"

Formula: C,oH5,04

'H-NMR(300MHz, methanol-d,): &

1.68(2H, m, H-6), 2.55(1H, m, H-7b), 2.58(2H, m, H-4), 2.60(1H, m,
H-7a), 2.81(4H, m, H-1 and H-2), 3.81(3H, s, OCHj), 4.00(1H, m,H-5),
6.61(1H, d, J=1.8Hz, H-2), 6.72(1H, d, d, 1.8, 7.8Hz, H-6), 6.95(1H, d,
J=7.8Hz, H-5”), 7.13-7.23(5H, m, 1-phenyl protons)

BC-NMR(75MHz, methanol-d,): &

30.53(C-1), 31.92(C-7), 32.39(C-6), 40.53(C-2), 51.20(C-4),
56.33(OCHj), 68.22(C-5), 113.13(C-2”), 116.09(C-5"), 121.78(C-6"),
126.99(C-4), 129.33(C-2’, 6°), 129.41(C-3", 6°), 130.29(C-17),
142.52(C-1°), 145.51(C-4"), 148.82(C-3"), 211.47(C-3)
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Fig. 30 UV-visible spectrum for the isolated component 1 from EtOAc extract of A.

officinarum rhizome.
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Fig. 31 'H-NMR spectrum for the isolated component 1 from EtOAc extract of A. officinarum rhizome.
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Fig. 32 **C-NMR spectrum for the isolated component 1 from EtOAc extract of A. officinarum rhizome.
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(2) #Hi-PF 22 B FT

Bt E2 50 44 ko d UV-Visible i & £ 3% Amax(MeOH)212,
285,337Tnm(®l= + =) &7 NERfr ARZ BRI &4 2 ok
k2% o 'H-NMR %3 + §2.76(1H, d, d, J=3.0, 17.1Hz), & 3.80(1H, d, d,
J=12.6, 17.1Hz), 6 5.45(1H, d, d, J=3.0, 12.6), % -+ flavanone H-2ax,
H-2eq 2 H-3 3 % % & 0T+ L3-8 5.89(1H, J=2.1Hz), § 5.93 1| & A
% H-6 2 H-8 cn/E 3+ 30> 57.38-7.48(5H, m)A| 5= B #& ! 15 B F
FpA(Rz )

PC-NMR 38 7 £ 45 TH-NMR %38 enf i 55 & 04 1 R 3§ 247
B S I /gk(Harbone, 1994)4aip| 2 sz 4f % 5, 7-dihydroxy- flavanone-
723 4n 41 5, 7-dihydroxy- flavanone & § #rjF ~ 423 it ~ Fust U~ ok
% %1 (Gao etal., 2008 ; Santos et al., 1998 ; Sala et al., 2003 ; Pepeljnjak
etal., 1985) -
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2: 5, 7-dihydroxy-flavanone

HD

OH O

Structure of 2

UV Amax (MeOH) nm: 212, 285, 337nm

LC-MS (m/z): 257[M+H]"

Formula: Cy5H;,04

'H-NMR(300MHz, methanol-d,): &

2.76(1H, d, d, J=3.0, 17.1Hz, H-3 ax), 3.08(1H, d, d, J=12.6, 17.1Hz, H-3
eq), 5.45(1H, d, d, J=3.0, 12.6, H-2), 5.89(1H, J=2.1Hz, H-6), 5.93(1H,
J=2.1Hz, H-8), 7.38(3H, m, H-3’, 4’ 5°), 7.48(2H, m, H-2’, 6)

BC-NMR(75MHz, methanol-d,): &

44.71(C-3), 80.95(C-2), 96.72(C-8), 97.67(C-6), 103.85(C-10),
127.84(C-2’, 6°), 130.19, 130.11(C-3", 4°, 57), 140.93(C-17), 165.15(C-9),
165.98(C-5), 168.97(C-7), 197.79(C-4)
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Fig. 33 UV-visible spectrum for the isolated component 2 from EtOAc extract of A.

officinarum rhizome.
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Fig. 34 *H-NMR spectrum for the isolated component 2 from EtOAc extract of A. officinarum rhizome.
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th 3
ins 100.000
nm ph
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Fig. 35 **C-NMR spectrum for the isolated component 2 from EtOAc extract of A. officinarum rhizome.
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(3) 1 4 3 2 BHEE

Wi g 354 & d UV-Visible % % % 3 Amax(MeOH) 227,
279nm (Bl= + =) B I E FR & 52 o kL - 227nm &
¥ 7k K-band v jz# > 279nm % ¥ 3k R-band e jz ¥ o & _'H-NMR
KR B RHAE S §2.52,2.60,286 5= o P = B A0
3.80 54 ¥k +-OCH3 sz 3 k3 » 5 6.10(2H, d, J=3.8Hz) &
furan & + H-3, H-4 «% 3+ k3t » 6 6.60(1H, d, J=7.8Hz) ~ 6 6.67(1H, d,
J=1.8Hz)% §6.97(1H,d,J=1.8,7.8Hz) % ¥ % 1,3,4 B~ X ABX & F
T T obo 2 87.05-7.22 5 ¥ RE R L F I k(=
=Y

FEI RHTR O DA LR 2 LT (AN,

2010)4&i7] 3 eniz 4 5 3,6-furan-7-(47-hydroxy-4”-methoxyphenyl)-1-
phenylheptane -
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3: 3,6-furan-7-(4"-hydroxy-4"-methoxyphenyl)-1-phenylheptane

OH

Structure of 3

UV Amax (MeOH) nm: 202, 227, 279

LC-MS (m/z): 309[M+H]"

Formula: CyH2003

'H-NMR(300MHz, methanol-d,): &

2.52(2H, m, H-3), 2.60(2H, m, H-2), 2.86(2H, s, H-7), 3.80(1H, s, OCHj),
6.08(2H, d, J=3.8Hz, H-3, H-4 of furan), 6.60(1H, d, J=7.8Hz, H-5"),
6.67(1H, d, J=1.8Hz, H-2"), 6.97(1H, d, J=1.7, 7.8Hz, H-6"),
7.15-7.22(5H, m, protons of phenyl)
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Fig. 36 UV-visible spectrum for the isolated component 3 from EtOAc extract of A.

officinarum rhizome.
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Isolated component 3
exp2 stdih
SAMPLE

DEC. & VT
300

date Nov 4 2010 dfrg 066
solvent CD30D dn H1
file exp dpwr 30
ACQUISITION dof 0
sfrq 300.067 dm nnn
tn H1 dmm c
at 3.413 dmf 200
np 32768 dseq
sw 4800.8 dres 1.0
fb 2600 homo e
bs 4q PROCESSING
tpwr 57 wtfile
pw 5.5 proc ft
dil 1.000 fn 65536
tof 723.5 math f
nt 16
ct 16 werr
alock wexp
gain not used wbs
FLA wnt
il n
in n
dp Yy
hs nn
DISPLAY
sp -601.5
wp 4800 . <
Vs 165 (g
sc 0 ~ -
we 250 ) o R0 o
hzmm 19.20 RIS
is 145.05 R i
rfl 601.5 L S
rfp 0 )
th S
ins 100.000
nm cdc P
© w
b =
ggl\gu’gm; “e o
o~ ~N S o - w @ - o,
e NS ooy ey o o —
,\'\-t\f,\ .r\,\-v\ . ™ ,_.32
~ |5 9 o e
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Fig. 37 "H-NMR spectrum for the isolated component 3 from EtOAc extract of A. officinarum rhizome.
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(4) WS i 42 B EE
BV E AL E 4k 0 UV-Visible sk k(R = L ~)
Amax(MeOH)266, 312, 340nm - 4| 7 % 7% fb e 4 266.2nm 5 A
ot 0 3235,344.1(sh) 2 B sz » g~ ),% 7 422 apiin 4p
¥ 417 (Harborne et al., 1975) - d 'H-NMR 3k 2§ # % 23 § 3.75(3H, s)

Hipl 5B H e fostls 2 -OCHa eh= B 3 3 » 3 6.22(1H, d,
J=2.1Hz, H-6 )¥* § 6.40(1H, d, J=2.1Hz, H-8) 7 4p 1% & > 4ap| % H-6 %
H-8 2 = 3t » §7.44-7T96 R 5 ¥kt BBk eng BHF > ¥
o b MEHAEE 5 1268(1H)EE T T A F R OH 2z F 3 (R
= L4 );PC-NMR k3 15 B gt 3 7= £ 3 "H-NMR & 3 e 3 ¢
§60.04 7= B 77 # f 4 defrdt s b C3-OCHg 2 p o F L3 o

FRE M P RFEFTIM T2 L;%(Ferraro, 1981 ; Tao, 2006)4a ;p] %
it ¥ ¥ 4 chixdp 5 galangin-3-methylether - ¢ 5 77 % 45 i galangin-3-
methylether & 3 #r4| % fq imfx ez % > 5 — f8% n %58 (Shin et al.,

2003) -
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4: Galangin-3-methylether

Structure of 4

UV Amax (MeOH) nm: 266, 312, 340sh

LC-MS (m/z): 285[M+H]"

Formula: C4H1,05

'H-NMR(300MHz, methanol-d,:chloroform-ds=5:1): &

3.75(3H, s, OCHs), 6.22(1H, d, J=2.1Hz, H-6 ), 6.40(1H, d, J=2.1Hz,
H-8), 7.44(3H, m, H-3°,4, 5), 7.96(2H, d, J=8.7Hz, H-2, 6°), 12.68(1H,
OH)

BC-NMR(75MHz, methanol-d,:chloroform-ds=5:1): &

60.04(3-OMe), 93.85(C-8), 98.72(C-6), 104.46(C-10), 128.18(C-2’, 6.
128.74(C3’, 57), 130.04(C4%), 131.05(C-17), 138.76(C-3), 155.20(C-2),
156.57(C-9), 161.26(C-5), 164.41(C-7), 178.12(C-4)
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Fig. 38 UV-visible spectrum for the isolated component 4 from EtOAc extract of A.

officinarum rhizome.
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Isolated component 4
exp3 stdilh
SAMPLE DEC. & VT
date Nov 4 2010 dfrq 300.066
solvent CD30D dn H1
file exp dpwr 30
ACQUISITION dof (4]
sfrq 300.067 dm nnn
tn H1 dmm c
at 3.413 dmf 200 - oA
np 32768 dseq s 7
sw 4800.8 dres 1.0 = © b
fb 2600 homo < L E
bs q PROCESSING b
tpwr 57 wtfile
PWw $.5 proc ft
di 1.000 fn 65536
tof 723.5 math 2 4
nt 16
ct 16 werr
alock n  wexp
gain 8 wbs R
FLAGS wnt ~
il n ™
in n
dp y
hs nn
DISPLAY
sp -601.5
wp 4800.8
Vs 308
scC [
wcC 250
hzmm 19.20 &
is 145.05 el
rfl 1591.7 2
rfp 990.2 ~
th 15
ins 100.000
nm cdc ph
=4
P=3
o
el
st i S— — -
L e e Y ESLANN S S sy p s s s e — T T T T T T T T T e B e e B I e S s e e s s mos s s S Sy e LA S e |
13 12 13 10 9 8 & 6 4 3 2 1 -0 -1 ppm
w Ly o e
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2.91 1.20 26 11.85

Fig. 39 *H-NMR spectrum for the isolated component 4 from EtOAc extract of A. officinarum rhizome.
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Isolated component 4

~o m
~No o
expl std13c ~w
o o) o
SAMPLE DEC. & VT ™ o ™
date Nov 19 2010 dfrg 300.067 LJ
solvent DMSO dn H1
file exp dpwr a1
ACQUISITION dof 1]
sfrq 75.460 dm yYyy
tn c13 dmm
at 0.886 dmf 7407
np 32768 dseq
sw 18484 .3 dres 1.0
fb 10200 homo
bs a4 PROCESSING
tpwr 55 1b 1.00
pw 6.2 wtfile
dl 2.000 proc 7%t
tof 654.9 fn 65536
nt 16384 math f
ct 16384
alock n werr
gain not used wexp
FLAGS whs
il n  wnt D
in n g
dp Y P=3 et
hs nn - =4
DISPLAY b=3 -
sp -1183.4 K ™
wp 18484.3 J
Vs 165 -
sc
wcC 250
hzmm 73.94
is 500.00
rfil 4163.7
rfp 2980.3
th 15
ins 100.000 e
nm ph 23 &
T
O e
o~ © .
- N o
N
- ~
g =
o > w
w S o .
=3 vL ©
as
D ® ™ SR
- © — < ©
~ w w = ™
o o~ W 2 pe . o w =
- o WS x ~ o~ © =
o~ - N g\n : o~ 7=y ~ . -
- gz 18 ‘ S 2 = 2 2
o @ % =1
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Fig. 40 **C-NMR spectrum for the isolated component 4 from EtOAc extract of A. officinarum rhizome.
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(5) i 4 52 BipE
BIFF5LF 4k Kk o d UV-Visible iz % k33 (Rle + - )
Amax(MeOH) 267, 305, 359nm - & 7 4% & § flavonoid A 2 B % 2
Fhoxdc o d 'H-NMR L kg7 28 i b 4 ffp g enf 3+ L - 8
6.17(1H, d, J=2.0Hz)#* § 6.40(1H, d, J=2.0Hz) & &| 5 H-6, H-8 F =
B §7.49-820 Z PR ¥k b ehT BFF A B TR IS
3.75(3H, 5)-OCH3 ez i Jr+ 3t » Fpt ¥ 4 dh & & (L 4 7 4 0 d @

mATA oo

FEM P RFEFT I > Tt 2 }I%(Facundo, 2003 ; Bergonzi, 2007)
18] 5 higHE 5 galangin - Galangin 3 3 A F L& 42 - > ¢
TAp M EEZ T ARRREM g 2 'J%‘,!f pod A ~Frdle & T
R G o~ Prdl- F 0§ 2 S e R £ B % (Shih et al,,
2000 ; Heo et al., 1996 ; Wall et al., 1988 ; Cholbi et al., 1991 ; Imamura

et al., 2000 ; Matsuda et al., 2006) -
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5: galangin

Structure of 5

UV Amax (MeOH) nm: 267, 305sh, 359

LC-MS (m/z): 271[M+H]"

Formula: Ci5H1¢05

'H-NMR(300MHz, methanol-d,:chloroform-ds=5:1): &

6.17(1H, d, J=2.0Hz, H-6), 6.40(1H, d, J=2.0Hz, H-8), 7.49(3H, m, H-3",
4°,5%),8.20(2H, d, d, J=1.5, 8.0Hz, H-2’, 6”)

97



L 000

ABS

-1, 500
m

E]‘I'L"

200 300 400

I

o0

CBAFL B MEPP A SRS 2 R kT LkEE

600

Fig. 41 UV-visible spectrum for the isolated component 5 from EtOAc extract of A.

officinarum rhizome.

98



Isolated component 5
expl stdlh

SAMPLE DEC. & VT
date Nov 4 2010 dfrgq 300.066
solvent CD30D dn H1
file exp dpwr 30
ACQUISITION dof 1]
sfrq 00.067 dm nnn
tn H1 dmm [
at 3.413 dmf 200 - —
np 32768 dseq = > o
sw 4800.8 dres 1.0 - b
fb 2600 homo A e
bs PROCESSING I L
tpwr 57 wtfile
pw 5.5 proc ft
dl 1.000 n 65536
tof 723.5 math L
nt 16
ct 16 werr
alock n  wexp
gain not used wbs
FLAGS wnt
il n
in n
dp Yy
hs nn
DISPLAY
sp -601.6
wp 4800.8
vs 132
sc 0
we 250 — %S
hzmm 19.20 e P
s 145.05 ~ g . v 00
rfl 1591.9 - ~ ™
rfp 990.2 coJ ~ = 3
th 10 L o~ =
ins 100.000 ©w =
nm cdc p
o~
o
«~ w
- n o
2 o ™
- =3 L re
'\' © = =]
@ 2 ] )
(7= o~
=3 -
=] =3
~ o
i
. el
o
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Fig. 42 'H-NMR spectrum for the isolated component 5 from EtOAc extract of A. officinarum rhizome.
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(6) i 4 6 2 Bipd

BV E6 A% 4 k0 d UV-Visible s & k¥ (Rle -+ =)
Amax(MeOH) 266, 364nm> &8 7 % flavonoid A B 2 B Tk 2 43 ices i< o
d TH-NMR b3 F 3 2345+ 53.84(3H, s)4aip) 5 B & ¥ 7k
OCH3 ¢h= B 3 43 » § 6.22(1H, s, J=2.1Hz, H-6)¥ § 6.40(1H, d,
J=2.1Hz,H-8) 5 B =+ 3 5 i & H-6 & H-8 cn 3 j 315 6.98(2H,
d, J=8.7Hz, H-3,5")#* §8.12(2H, d, J=8.7Hz, H-2", 6’)f] % flavonol B
Bpo B2 3 S0 s s BFF A o PC-NMR %3 m 2
'H-NMR 2 crd 2 b 0 § 55.37 7 B 7w 4 4% 2% 4 Bk + -OCH; shpd
Fon oo

FE M kF T o Ft g )I;%(Chauhan, 1979)48R] 6 gt &
kaempferol-4’-methylether - = 3 = /,?%3‘% 41 kaempferol-4’- methylether

LFFHEEwez - 35 A2 0 B4 30uMT Ty EgFedlc
% (Matsuda, 2006) -
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6: kaempferol-4’-methylether

Structure of 6

UV Amax (MeOH) nm: 266, 364

LC-MS (m/z): 301[M+H]"

Formula: C4H1,06

'H-NMR(300MHz, methanol-d,:chloroform-ds=5:1): &

6.22(1H, s, J=2.1Hz, H-6), 6.40(1H, d, J=2.1Hz, H-8), 6.98(2H, d,
J=8.7Hz, H-3°,5"), 8.12(2H, d, J=8.7Hz, H-2’, 6°)

BC-NMR(75MHz, methanol-d,:chloroform-ds=5:1): &

55.37(OCH3), 93.54(C-6), 98.26(C-6), 103.10(C-10), 114.04(C-3", 5°),
123.26(C-1), 129.33(C-2", 6°), 136.07(C-3), 146.23(C-2), 156.23(C-9),
160.47(C-5, C-4), 164.01(C-7), 175.99(C-4)
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Fig. 43 UV-visible spectrum for the isolated component 6 from EtOAc extract of A.

officinarum rhizome.
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Isolated component 6
exp2 stdilh

SAMPLE DEC. & VT
date Nov 4 2010 dfrgq 300.066
solvent CD30D dn H1
file exp dpwr 30
ACQUISITION dof 0
sfrq 300.067 dm nnn
tn H1 dmm c
at 3.413 dmf 200
np 32768 dseq
sw 4800.8 dres 1.0
fb 2600 homo
bs PROCESSING &
tpwr 57 wtfile ™
pw $.5 proc ft <
di 1.000 fn 65536
tof 723.5 math f
nt 16
ct 16 werr
alock n  wexp —
gain not used wbs -
GS wnt *
il n o
in n
dp y
hs nn
DISPLAY
sp -601.5
wp 4800.8
vs
sc 0
wc 250
hzmm 19.20
is 145.05
rfl 1591.7
rfp 990.2
th
ins 100.000 o)
nm cdc p ~
-
w © gv w
A8 GwT= o
- s . =3
© © IT e m(‘ﬂ':
] ~~ £ @
o~
o
R S T BT U TR e QN THNN R T AN R e Y (R T | T T e R B R R (R T T T T
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Fig. 44 *H-NMR spectrum for the isolated component 6 from EtOAc extract of A. officinarum rhizome.

103



Isolated component 6
exp2 stdl3c

SAMPLE DEC. & VT o
date Nov 22 2010 dfrq 300.067 =3
solvent DMSO dn H1 e
file exp dpwr a1 g’

ACQUISITION dof 1]
sfrq 75.460 dm yyy ~
tn C13 dmm w ~ =]
at 0.886 dmf 7407 . o~
np 32768 dseq bid oF
sw 18484.3 dres 1.0 ™
fb 10200 homo L/’
bs q PROCESSING
tpwr 55 1b 1
pw 6.2 wtfile
d1l 2.000 proc 5
tof 654.9 fn 65536
nt 16384 math f
ct 16384
alock n  werr
gain not used wexp

FLAGS wbs
il n  wnt
in n
dp y
hs nn

DISPLAY
sp -1182.3
wp 18484 .3
vs 132 ™ i
sc 0 D) ]
wc 250 . L4
hzmm 73.94 s ©
is 500.00 o
el 4162 .6
rfp 2980.3
th 2
ins 100.000
nm ph

o )
o« w
™ o
= o
- o
S~R ] =
co = 2 =
S e e 3 S S g = 2 2 8 2
w g o » w
= = g = ] S 2 8
LR ) L R A 3 T 7T O P A O G R T T I A 7 O [T R R e ) Tl A O S T T 0 (T O S S PR T 5 G A ST ¢ 2 O S 1Y o [T, S o o ) N 7 2 T T R T B S R T R T T
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Fig. 45 **C-NMR spectrum for the isolated component 6 from EtOAc extract of A. officinarum rhizome.
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5155 § L o Mo fia FIgr 2 Wi T (1

BLFC L ApEFEFGd HPLC A3 it 5 B 1% 2§k
AAiE 0 FET D 6 A Y F A B 5 1-hydroxy-7-(47-hydroxy-3"-
methoxyphenyl)-3- heptanone (1) ~ 5, 7-dihydroxy-flavanone (2) ~
3,6-furan-7-(4”-hydroxy-4"-methoxyphenyl)-1-phenylheptane (3) ~
galangin-3-methylether (4) ~galangin (5) 2 kaempferol-4’-methylether (6) -
BRAFLHL fE B 648 L3I TEACE A 4740 dng v 4
f1* peroxidase ¢ #.it ABTS &2 H,0,7) % &% ¢ £ H ABTS" « 1
I pd A FRF LT ABTS - AR EETE > 1Y
KWipldig it 4 psife ko h @k itrolox (FL BB R E AR E & o
KRR EE(Be -2 )7 {8 1-6 g (Y10 w5 855(1) -
3.33(2) ~ 7.35(3) ~ 3.32(4) ~ 11.43(5)% 9.20 mM trolox § & /mg(6) > H
g b4 RBRAEIHIVHFEFLE>6>1>3>2>4-

2 SRR RE B MRS F IS
wEA G FEF 2 H 2 BRMRE B ANM SRR 0 AR

FLF e R 2 Bt S b gﬁ»f:f%:)ﬁﬁ? w3 AR

T C-32 Wi 1673753 %Fﬁ;a‘%i SRR Sl EE A -

ﬁj@-‘)ﬁai?/z% o
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Fig. 46 The antioxidative activities in terms of trolox equivalent of isolated
components from EtOAc extract of A. officinarum rhizome. Bars represent meanszSD,
n=3. Means with different letters are significant different (p<0.05) by Duncan’s

multiple range test.
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5-2 % ‘—13*?6 e a5 Bp R 2 B2 A 85 pEiT
5-2-1 3 L fig F B T B TR & 2 dr s
5-2-1-1 it F ¥ a-amylase 2 fr] i *

o-amylase z- #r#| & § 25 FAEA [RS4SR - BPE S B
2 vk fEg ol L A S A T L BB AR
W2 TR E © AR 6 A Y P FE T a-amylase Fr e 4 A 4T
(Blz + =) %% 01mg/ mL Jk & ™ # a-amylase #4355 1 35 & &
% 56.63%(1) > 51.02%(4) > 38.78%(2) > 43.88%(3) > 41.84%(5) >
18.11%(6) - # ¢ 12 1-hydroxy-7-(4"-hydroxy-3-methoxyphenyl)-3-
heptanone(1) - galangin-3-methylether(4) %+ a-amylase #r 41 5 < ** 50% -

5-2-1-2 it 4= ¥+ a-glucosidase 2 F#r+] iE *
4] a-glucosidase it "% M F HESN BAEKFESF H AL E 0T

DTEMBL PR AL B2 BT RO AN FE
7 a-glucosidase #r#4ic 4 &~ 47 (Ble -+ ~)» ® % #F0.1mg/ mL k&
T ¥ a-glucosidasee #r4] & 3% T 33 & B & 28.09%(6) > 25.99%(4) >
12.35%(2) > 10.42%(5) > 9.87%(3) > 3.47%(1) - # ¢ 12 galangin-3-
methylether(4) ~ kaempferol-4’-methylether(6) ¥ a-glucosidase #r+#/| 3
W25% EREERRH BB

et gy B i 4 7 1-6 #30 a-amylase 2 a-glucosidase ¥% %
FE 2 g iEr o H ¢ i $ T galangin-3-methylether(4) ¥4 7 #& %
F R E R A2 Fredl S o 2 pedy Ji(Tadera, 2006) 57 5 A 1+ & 4+ #f
a-amylase % a-glucosidase & F 242 #ri|rc% » 2 a-amylase #r4] &

+ 3+ a-glucosidase ¥2 F 2 & 5% 4p 4 ©
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Fig. 47 Inhibition on a-amylase for isolated components from EtOAc extract of A.

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

significant different (p<0.05) by Duncan’s multiple range test.
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Fig. 48 Inhibition on a-glucosidase for isolated components from EtOAc extract of A.
officinarum rhizomes. Bars represent means+SD, n=3. Means with different letters are
significant different (p<0.05) by Duncan’s multiple range test.
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522 % LF L L fig TP T A C-3 4 FL83B imv% 2 24 & i 4& (7 7
TEFAC3Y LR AT P F SRR R PR
dREE F B G A RARRIPRTE B i E MPEREA R T2 A e
TR TR R SUEIE Y S TR S S
% A4 C-3 2 § s 2-NBDG 4] * ji 3¢ lwre & 45 FL83B m*#
SRS SRR L AT e g e
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5-2-2-1 B 2§ L e fia 5 B4 F A C-3 %3 FL83B wiz 2 3 14
(XTT assay)

AP PR LG pL ﬁaﬁﬁ’\%i % 4~ C-3 %1 F FL83B
) B A A 1 fRE L F O e B 3 IEY o
B OAHM-FLB3B ime ik 44 kAR Z %447 C-3> A% 5 5-10~15-
20~25+30+50~100~200 ppm > {€% 24 ] pFis > 12 XTT i& {7 A 47 o
G5 (@e L4) HAeBE50ppm T B F2Z F Bk o FH
&%%&Tiﬁi&ﬁ?’iﬁﬁiﬁﬁﬁé’ﬁﬁﬂ%iiikﬁ
20ppm T EF SR AR UIFH R LR lERSF LR A C3

LFEFDELAE2(TY o
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Fig. 49 Effect of fraction C-3 of EtOAc extract from A. officinarum rhizome on cell viability in

normal FL83B cells. Bars represent meanstSD, n=3. Means are singificantly different from control

(***, p< 0.005) by t-test.
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Fig. 50 Effect of fraction C-3 of EtOAc extract from A. officinarum rhizome on 2-NBDG uptake in
normal FL83B cells. Bars represent means+SD, n=3. Means with different letters are significant

different (p<0.05) by Duncan’s multiple range test.
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Fig. 51 Effect of fraction C-3 of EtOAc extract from A. officinarum rhizome on 2-NBDG uptake of

$r#1% (Normal group) ~ i

high glucose-induced insulin resistant FL83B cells. Bars represent means+SD, n=3. Means with

different letters are significant different (p<0.05) by Duncan’s multiple range test.
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Fig. 52 Effect of fraction C-3 of EtOAc extract from A. officinarum rhizome on glycogen storage in

normal FL83B cells. Bars represent means+SD, n=3. Means with different letters are significant

different (p<0.05) by Duncan’s multiple range test.
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EEEERAELIMM g g 3t 370 mM trolox § & o o Mg it 4R
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J BUENTEY W R AR M ATy RSP g R
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RO AP LG Dk P AR AP R ERR
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Tadera (2006) % + - @& * #fd 3 555 Ak I & & i B ol fig
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% a-glucosidase % a-amylase ¢ % I i crd|rc %k » Sd < }gka"a‘r.iﬁ'l
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dp 0y e R g s e ¢ R A OB F]F tumour
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TNF-a 5 - Al LFF > ¢ FHF LG FRLLBE %5 &
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